




TEMPORAL VARIATION IN ABUNDANCE OF MICROPLASTICS IN PRAWNS (F. INDICUS) CAUGHT IN SABAKI RIVER ESTUARY, KENYA
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Abstract
[bookmark: _Hlk205410920][bookmark: _Hlk192141800][bookmark: _Hlk205466026][bookmark: _Hlk205626224]Plastic pollution constitutes planetary crisis which impacts negatively on ecosystems, biodiversity, climate and human health. Although presence of microplastics in prawns is well acknowledged, little has been reported on temporal variability of these contaminants, particularly in prawns caught in data-scarce tropical estuaries. that receive seasonal fluxes of MPs contaminated water from their catchments. This study examined seasonal variations of MPs in prawns (F. Indicus) caught in Sabaki estuary in Kenya, during Jan-Mar-dry, Apr-June-wet, July-Oct-dry and Nov-Dec-wet seasons. MPs were extracted from prawns’ guts by digesting he gut using 10% KOH. MPs were manually identified and counted using a stereo microscope and their polymers confirmed using FTIR. The results revealed prawns were contaminated at 47.5 %, 53%, 39%, and 46%, during Jan-Mar-dry, Apr-June-wet, July-Oct-dry and Nov-Dec-wet seasons, respectively. Seasons significantly (P≤0.05) influenced levels of MPs contamination in prawns with the highest level of contamination occurring during the Apr-Jun -wet season. Female prawns were more contaminated than males at 50.3% and 42.5%, respectively. White, blue, transparent and others colored MPs were observed at 68%, 19%, 11% and 2%, respectively, and two types of MPs polymers namely PE and ABS were observed at 27% and 63%. By determining variations on MPs contamination in prawns from the estuary the study supports strategies aimed at conservation of prawns, while protecting seafood consumers. 
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INTRODUCTION
[bookmark: _Toc174102265][bookmark: _Toc77932595][bookmark: _Toc86662550][bookmark: _Toc86662539][bookmark: _Toc20996794][bookmark: _Toc20996795][bookmark: _Toc86662540][bookmark: _Toc77932589][bookmark: _Toc86063978][bookmark: _Toc77947142][bookmark: _Toc77932903]Background information	
[bookmark: _Hlk172435049][bookmark: _Toc20996796][bookmark: _Toc77932590][bookmark: _Toc77932904][bookmark: _Toc86063979][bookmark: _Toc77947143][bookmark: _Toc86662541]Plastic pollution constitutes a planetary crisis which impacts negatively on ecosystems, biodiversity, climate and human health. About 400 million tons of plastics are consumed annually which is expected to quadruple by 2050 [1]. Coupling plastic waste generation, poor waste management and durability of plastics have resulted in accumulation of plastics in the environment [2][3][4]. Over 6,300 million tons of plastics ever produced, 79% are still in landfills and dumps sites, while about 12% have been incinerated, and only 9% has undergone recycling [5][6]. Exposure of plastic waste to weathering agents such as sunlight, air, heat, and moisture degrade plastics waste into microplastics (MPs) ≥5mm particles, that have been observed to pollute all aquatic compartments including sediments, seabed, riverbanks, water columns, and surface waters [7]. Each year, over 10 million tons of plastics leak into the ocean, from inland sources and rivers are the main pathways, and this threatens aquatic life, and community livelihoods that depend on harvestable products sourced from oceans [8][9]. 
Aquatics organisms misperceive and ingest MPs confusing them for their natural food, causing physical abrasion or obstruction of gastrointestinal track resulting into false satiation. MPs may be attached on food for aquatic organism, therefore being ingested together with the food [10] [11] [12]. Due to MPs large surface area to volume ratio, unique size, structure and composition, MPs have been reported to adsorb toxic chemicals, equally additives used in manufacturing of plastics such as plasticizers, stabilizer fillers and flame-retardants are highly toxic. Ingestion of these toxin laden MPs leads to their bio-accumulation or bio-magnified of toxins along the trophic levels including human and this raising food safety concerns among seafood consumers [13]. Some of the additives used to enhance plastics properties have negatively affected aquatic organisms with effects such as impairing neurocognitive and cardiovascular systems, that impairs the immune system, fecundity, hormonal imbalance, memory and the animal behavior [11]. Colonization of MPs by microbes [14], and their dispersion within aquatic ecosystems disperses alien species in new areas, disrupting aquatic communities’ structure and composition [15] [16]. While threats of MPs to aquatic organisms are well documented, currently there is limited information on critical threshold of MPs in the natural environment however, laboratory experiments and simulation in microscome using organisms such as zooplankton have been generated to establish such thresh holds [17[18].  
Small but highly polluted rivers such as Sabaki in Kenya that traverses regions of high plastics waste generation, conveys high loads of MPs into oceans [19]. Athi–Galana–Sabaki River is the second longest river (after the Tana River) covering a distance of 390 km, and a drainage basin of about 69,930 km2 that discharges its water into the Indian. The catchment covers about 12% of the land in Kenya, and generates 4% of the country runoff (Figure 1). The river estuary is located at longitude: 3.2oS and latitude 40.15o E, about 10 Km North of Malindi town, discharging its waters at Malindi Bay. At its estuary, the river supports commercial and artisanal fisher’s activities and among the harvestable products are Indian white prawns that prefers brackish water at their early planktonic and post larval stages, but during their adult and spawning stages they migrate into inshore marine waters of Ungwana bay. Communities living along the estuary fish and fend their families, with these harvestable products and they risk assimilating and accumulating these toxin-laden MPs in their body tissues, whose effects are not well understood [20][21] [11].  
The estuary is a well-flushed ephemeral, with inter tidal zone of mangrove mudflats, that have developed over long term sedimentation [19]. Due to decreased rainfall in the East African region, and rising seawaters, seawater intrusion currently reaches about 10 km upstream. At river mouth, the estuary is about 750 to 1000m wide, but narrows to about 250 to 300m in a short distance of 2.5 Km, inland. The nutrient rich estuary is a refuge and a nursery to different marine and fresh water organisms such as Cyprinidae, Mormyridae, Mochokidae, Clariidae and Claroteidae fish families, and Macrobrachium lepidactylus, M. rude, M. scabrinsculum, Caradina nilotica and C. Africana freshwater prawns [19] [22] [23] [24]. 
Materials and methods

Study area 
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[bookmark: _Toc174021808]Figure 1: a) Map of Kenya, b) sampling station at Sabaki estuary  
Catchment hydrology, described by river flow was used to defined the ecological seasons at the estuary. Thus, data collected from first order river gauge of Sabaki, for the year 2022 was used to categorize the dry and wet seasons (Figure 2). Two dry seasons were experienced between January-March (Jan-Mar) and July-October (July-Oct) respectively, while the long and short wet seasons experienced between April-June (Apr-June) and November- December (Nov-Dec), respectively.
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Source: Water resource authority (WRMA) (Coastal Athi Sub Station)
[bookmark: _Toc174021809]Figure 2: Seasonal river flow from River gauges’ height (M) at Baricho (Sabaki 3HA13)
[bookmark: _Toc86662656][bookmark: _Toc86662652]
[bookmark: _Hlk192051693][bookmark: _Toc174102300]Prawns’ species Fenneronenaeus indicus (formerly known as Penaeus indicus) were hand hauled during the Jan-Mar, Apr-June. July-Oct and Nov-Dec seasons, and from the catch a sample of n≥50 was randomly collected and immediately preserved in a glass jug containing 70% ethanol. Ethanol was preferred media for preserving prawns since it does not alter the integrity of MPs. The containerized prawns were then transferred into a cooler box and transported to Pwani University biological laboratory, where they were stored at -20° C, for further MPs analysis [25] [26]. Prawns were later thawed, and their weight and length measured, and sex established. Each prawn was then washed using ultra filtered water, dissected and the gastrointestinal tracts (GIT) extracted. Prawns’ GIT are coated with complexes of chitin and protein that inhibit MPs extraction, thus their digestion was enhanced by immersing the GIT/10% Potassium Hydroxide (KOH) containerized mixture in water bath at 50o C for 48 hours [11] [24]. The digested materials were then filtered through Whatman GF/F filter 0.7µm pore size, and the filters then oven dried at 400C for 6 hours. MPs were identified and counted from the filter papers using a stereo microscope and their polymer confirmed using FTIR. Identified MPs were categorized according to their shape (i.e. fiber, film, fragment, and foam), sizes (i.e. ≥2000μm (small), 2000-3500μm (medium), and 3500-5000μm (large)) and color [11] [27].

[bookmark: _Toc174102310]RESULTS
[bookmark: _Hlk172194225][bookmark: _Hlk169348843][bookmark: _Toc86662660][bookmark: _Hlk167160734]The weight of prawns ranged between 2.63g and 3.53g, while the length was between 3.01 to 4.37cm. The number and weight of MPs extracted per prawns during Jan-Mar, Apr-June, July-Oct and Nov-Dec seasons were 2.63 MPs/prawn of 0.69/g wet weight (ww); 1.63MPs/prawn of 3.20g ww; 1.53MPs/prawn of 0.50g ww and 2.36MPs/prawn of 1.53g ww, respectively. The sizes of MPs extracted from prawns were 0.001-0.04 mm, 0.13-4.6 mm, 0.18-4.3 mm and 0.08-3.21 mm during Jan-Mar, Apr-June, July-Oct and Nov-Dec seasons, respectively (Table 1). The results indicated seasonal variability in MPs contamination of prawns at 47.5 %, 53%, 39%, and 46% during Jan-Mar, Apr-Jun, July-Oct and Non-Dec seasons, respectively. Seasons had significant (P ≤ 0.05) influence on MPs contamination in prawns, with the lowest contamination recorded in July-Oct-dry season, while Jan-Mar-dry, Apr-June-wet, and Nov-Dec-wet seasons recorded comparable levels of contamination (Table 2). 
Table 1: Weight, size and number of MPs per individual male and female prawns, and MPs type in percentage.
	Season
	No. sampled 
	Prawn wet wt (g).
	Prawn length (cm)
	MPs/ wet wt (#/g) 
	# MPs per Prawn
	MPs size in Prawn (mm)
	Contaminated prawns (%)
	MPs shape 

	

	
	
	
	
	
	
	
	
	
	Proportion of MP shapes

	
	
	
	
	
	
	
	Male
	Female
	
	

	Jan-Mar
	83
	2.91
	3.01
	0.69
	2.63
	0.001-0.04
	34
	61
	fiber
	100

	Apr-June
	79
	3.19
	4.37
	3.20
	1.63
	0.13-4.6
	58
	48
	fiber
	98

	
	
	
	
	
	
	
	
	
	fragment
	2

	July-Oct
	72
	2.63
	3.54
	0.50
	1.53
	0.18-4.3
	37
	41
	fiber
	99

	
	
	
	
	
	
	
	
	
	fragment
	1

	Nov-Dec
	81
	3.53
	3.10
	1.53
	2.363
	0.08-3.2
	41
	51
	fiber
	98

	
	
	
	
	
	
	
	
	
	 fragment
	2



[bookmark: _Toc172659067]
Table 2: Seasonal variation of MPs in prawns
	Seasons
	Number of contaminated prawns 

	an-Mar
	47.5a

	Apr-June
	53.0a

	July-Oct
	39.0b

	Nov-Dec

	46.0ab



Means with the same letter in the same column are not significantly different at α = 0.05

The number of MPs contamination in females was significantly higher than in males (P ≤ 0.05) (Table 3, and Figure 4). Female were more contaminated by MPs than Male at 50.3% and 42.5%, respectively.

Table 3: Comparison of MPs in male and female prawns 
	Sex
	Contaminated prawns

	Female
	50.25a

	Male
	42.5b


Means with the same letter in the same column are not significantly different at α = 0.05

[image: ]
[bookmark: _Toc172658802]Figure 3: Comparison of MPs contamination between male and female among seasons

[bookmark: _Toc174102326]Color of MPs 
[bookmark: _Hlk191667191]Concerning color of MPs found in prawns, the most abundant observed color was white at 68%, followed by blue at 19%, transparent at 11% and others at 2% (Figure 2). 
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[bookmark: _Toc172658800]Figure 4: Percentage color of microplastics in prawns
[bookmark: _Hlk172194518]There were two types of MPs polymers that were PE and ABS a frequency of 27%, 63% (Figure 2)

[bookmark: _Toc172658801][bookmark: _Toc174102328]Figure 5: Percentage abundant of MPs polymers found in prawns

 DISCUSSION
The study revealed 46% of Indian white prawns (Fenneropenaeus indicus) caught in Sabaki estuary were contaminated with MPs. This confirms earlier studies that reported presence of MPs in Copepoda, caught in Kenya near-shore waters [28]. However, the percentage of prawns contaminated with MPs was lower, compared to 83% of F. indicus, caught in coastal waters in Cochin, India [29], or 100 % of prawns bought in Sogkhla Province, Southern Thailand [30]. The average numbers of MPs particles/individual prawn caught in Sabaki estuary were 2 particles/individual, which was higher than 1.23 particles/individual reported in Crangon crangon reported in European [31], and Gamba shrimps (Aristues antennatus) and F. indicus caught in India that had 0.39 particles/individual [29]. On number of MPs per weight prawn caught in Sabaki estuary had 1.48 n/g ww contamination that is within the range of P. Muelleri caught in Argentina of 1.43 n/g ww [32] but lower than 14.29 n/g ww recorded in prawns found in Spain [33]. 
[bookmark: _Hlk205630117]There were variations in levels of MPs contamination among seasons, in prawns caught in Sabaki estuary, with the highest levels recorded during the Apr-June-wet season. This agrees with other studies on F. indicus caught in coastal waters in Cochin, India, that reported seasonal variation of MPs contamination in prawns, with the highest levels of contamination occurred during July-August-Monsoon season. The author associated the increased level of contamination with seasonal flooding that introduced high loads of MPs in the Ocean resulting in increased ingestion of MPs by prawns. This is possible, considering prawns perceive and sort their food through smell and touch from muddy/silty substratum, and they might misperceive MPs for their natural food [29]. 

[bookmark: _Hlk191824624][bookmark: _Toc174102342]Various reasons have been ascribed to variations in reporting MPs in prawns such as MPs extraction methods, and depuration [34] [35], while farmed prawns have been observed to be more contaminated than wild catch, suggesting feeds are sources of MPs contamination in prawns [36] [37]. Levels of MPs in the ambient environment play a critical role with authors proposing 540 particles kg-1 sediment, as potential threshold for MPs [38]. Availability of different sizes of MPs observe in this study makes all ages of prawns vulnerable, since prawns lack adaptive mechanism to digest MPs and this result into accumulation of MPs in their gut. However, MPs retained in the prawns’ gut are fragmented into smaller particles, suggesting the species could potentially be used in degradation of MPs [39]. The study reported higher loads of MPs in Sabaki estuary during the North East Monsoon (NEM) season, when prawns’ activities are high in Kenyan marine waters. This threaten prawns catch and their population structure posing a threat to the local economy. Further prawns are consumed hole in the local market, and this exposes human to MPs consumption impending community’s food security and health, especially when it is estimated human consume 1-30 MPs particle per day depending on their seafood feeding habits, and level of MPs contamination in the organism [40] [41] [42] [43]. 

Age and sex of prawns influences their rate of molting, where males and young prawns molt more frequent than female and adults. During molting, prawns may shed MPs and this may explain why males and smaller prawns recorded fewer MPs than females and bigger prawns in this study. Further, smaller prawns have narrower gut that restricts passage of MPs resulting into their retention, while bigger prawns may allow passage and defecation of MPs [44]. 
[bookmark: _Hlk167979371][bookmark: _Hlk167800530][bookmark: _Hlk191641154]In this study, fibers-shaped MPs were most prevalent, followed by fragments, which constituted 2%. Studies have shown that fiber-shaped MPs are prevalent in estuarine environments [29], and are frequently ingested by aquatic organisms [45]. MPs of fiber-shape originates from degradation of fishing nets and effluent discharged from laundry of synthetic textiles, while fragment originates from break down of larger plastic items [46]. Aquatic organism perceives their food by feel of the shape and smell of the substrate, and they may misperceive MPs for the natural food. In addition, the shape of MPs influences the type of harm it causes in an organism, where sharp and hard MPs particles have been reported to cause physical injury or adhere inside the stomach, hindering enzymatic activities and nutrient uptake, while fiber may coil and clumps, resulting into blocking of the gut [47]. Various colored MPs were found in prawns namely; white 68%, blue 19%, transparent at 11% and others 2%, confirming other studies that have reported black, white, green, and red at frequency of 48%, 33%, 11%, 6% and 2%, respectively, in P. mondon found in Bangladesh, India [44]. Presence of different colored-MPs in prawns indicates break down and degradation of common plastics products found in the market whose particles are eroded from the river catchment into rivers. However, aging of MPs and the use acid in extraction of MPs in prawns may affects their color, leading to increased count of translucent MPs [44] [48] [31]. Polyethene (PE) and acrylonitrile-butadiene styrene (ABS) were the most prevalent type of polymers found in prawns in this study. Authors have associated end of life of common plastic polymers to contribute to MPs pollution in the environment, and thus their exposure to aquatic organisms. PE, ABS, PP, PVC, PS and PET are common plastic products found in Kenyan market meaning PE and ABS in prawn caught in Sabaki estuary are among the polymers originating from the Kenyan plastics waste or fishing gears. The type of MPs polymer in prawns is critical, since polymer-type influences adsorption and accumulation of toxins, where polymers such as PE has been observed to accumulate lipid soluble POP in aquatic organism [45] [48]. 
[bookmark: _Toc174102345]Conclusion
[bookmark: _Toc174102347]Levels of MPs contamination in prawns caught in Sabaki estuary varied with seasons, with the highest loads recorded during the wet season. These findings support conservation of prawn’s resources, within the wider Sabaki estuary ecosystem, considering prawns migrates to the estuaries during their young and juvenile stage of life and ingestion of MPs may affect their life cycle, population structure and the wider biodiversity. In addition, unearthing of MPs in these prawns serve in protecting the health of prawn consumers and the local economy, while advancing solid and effluent waste management policies to reduce propagation of different coloured MPs and polymers into rivers. 
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