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Abstract  

Mechanical interventions are increasingly suggested as a means of removing plastic litter from 

aquatic environments; their performance is rarely evaluated, but such information is critical to 

inform policy interventions such as those required to facilitate UNEA 5.2. The Seabin, a fixed-point 

device designed to remove floating litter in sheltered waters was examined in an urban tidal marina 

(Southwest UK). It captured on average 58 litter items/day; chiefly plastic pellets, polystyrene balls 

and plastic fragments. It also captured one marine organism for every 3.6 items of litter, or 13 

organisms/day, half of which were dead upon retrieval. The rate of litter capture was inferior to 

manual cleaning conducted with nets from pontoons or vessels. Hence, in this location the Seabin 

was of minimal benefit in terms of marine litter removal and resulted in mortality of marine 

organisms. The presence of such devices could also precipitate false optimism and reliance on 

technological solutions, rather than systemic changes in our production, use, and disposal of plastics. 
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1. Introduction 
 
Plastic litter is recognised as a major threat to the environment resulting in ecological, economic and 
social harm. Commonly reported biological impacts include entanglement (Laist, 1997; Campani et 
al., 2013; Provencher et al., 2014; Duncan et al., 2017), ingestion (Denuncio et al., 2011; Wilcox et 

al., 2015; Nicolau et al., 2016; Ryan, 2016), and providing a vector for non-native organisms (Zettler 
et al., 2013; Rech et al., 2018) and contaminants (Caruso, 2019). Furthermore, the economic value of 
the marine environment is dictated by its quality. The occurrence of litter can reduce the 
environmental value and thus economic benefit or increase costs associated with maintenance. The 
presence of marine litter can also deter tourists, reducing revenue and consequently weakening 
coastal economies (Krelling et al., 2017). Litter on beaches has further been shown to reduce or 
undermine the restorative effect or well-being associated with visiting places like beauty spots 
(Beaumont et al., 2019). Consequently, mechanical solutions designed to tackle marine litter are 
increasingly being promoted and deployed as part of the solution. However, few of these devices 
have been evaluated in terms of their efficacy; such data is urgently needed in order to guide 
interventions to potentially stem the flow of plastic to the natural environment.  
 



Mass production of plastics commenced in the 1950s (Barnes et al., 2009; Thompson et al., 2009) 
having become an integral part of modern society. As of 2020, global production of plastic is 
estimated at 370 million metric tonnes a year (Plastics Europe, 2020). In turn, due to inadequate 
waste disposal infrastructure (Sheavly and Register, 2007; Kershaw et al., 2011; Vegter et al., 2014; 
Leeuwen and Koop, 2017), a ‘throw away’ ethos around the use of plastics, and a lack of 
consideration for end-of-life disposal at the design stage, it has become increasingly prevalent as 
litter in the natural environment (Rillig, 2012; Geyer, et al., 2017; de Souza et al., 2018; Bolontz et 
al., 2019).  
 
Marine litter originates from a wide range of sources both terrestrial and marine, and manifests in 
diverse shapes and sizes from microscopic fragments to macro and mega waste such as fishing nets 
and boat hulls. The presence of plastic litter in the marine environment exists not only in coastal 
waters (Ogi et al., 1999; Moore et al., 2002) but extends to the open oceans (Eriksen et al., 2014) 
and the seafloor (Moore, 2008; Woodall et al., 2014; Courtene-Jones et al., 2017; Villarrubia-Gómez 
et al., 2018).  
 
A substantial portion of marine litter is thought to originate from coastal populations, particularly 
during wind and rainfall events (Coe and Rogers, 2012), which can act as transport mechanisms. This 
is partly attributable to the buoyant properties of plastic which enable litter to be dispersed over 
large distances due to wind and surface currents, and its durability which permits its persistence 
either in a whole or fragmented form (Derraik, 2002; Kukulka et al., 2012; Reisser et al., 2013; 
Eriksen et al., 2014; Zbyszewski et al., 2014; Wright and Kelly, 2017). For example, an increased 
abundance of marine litter has been shown to correlate with intense precipitation events (Moore et 
al., 2002; Carson et al., 2013; Cheung et al., 2016; Axelsson and Sebille et al., 2017) and seasonal 

rains (Araujo and Costa, 2007; Shimizu et al., 2008; Lima et al., 2014; Cheung et al., 2016). While a 
study conducted on sub-arctic islands reported accumulation rates of plastic litter stranded on 
beaches to be primarily dependant on wind (Eriksson et al., 2013). 
 
Managing the flow of litter to marine waters is becoming increasingly pertinent. It has been 
estimated that in the UK alone local authorities spend an average ~£6000 per km per year (Mouat et 
al., 2010) on cleaning ports, harbours and areas of touristic importance; generating a growing 
interest in the use of mechanical devices to facilitate clean up. Various legislative and mechanical 
solutions for marine litter are being implemented globally, however, the design and use of these 
cleaning devices remains in its infancy (Kasparavičiūtė et al., 2018; Gong and Trajano, 2019).  

One example is a 100 m long barrier-like system developed by The Ocean Clean-up to capture 
floating waste in the open oceans (The Ocean Cleanup, 2019). Other devices include ‘trash traps’ 
installed in rivers to capture urban litter (NOAA, 2017), and ‘Trash wheels’ installed in estuarine 
systems, utilising conveyor belts to transport and remove litter from aquatic environments (National 
Geographic, 2017). Further devices include Aqua-drones, autonomous vehicles that actively collect 
floating litter in sheltered environments such as marinas and ports (European Commission, 2018).  
 
Another example is the Seabin which was developed by the Australian company Seabin Pty Ltd., 
founded in 2015, with the goal of developing a localised solution to marine litter in urban marine 
areas. Clean-ups of harbours and marinas are generally conducted for two reasons; aesthetically, the 
marina users do not want to see floating litter and, when stationary, blockage of cooling water 
intake by litter could lead to costly damage to the vessel. To date more than 860 Seabins have been 
installed globally and are reported to have captured over 3,250,000 kg of litter. The Seabin is a 
“trash skimmer” created for calm sheltered environments, such as marinas, ports, and yacht clubs. 
The device is designed to intercept floating litter from the micro to macro range as well as 
contaminated organic material (Seabinproject, 2022). The Seabin is designed to continuously suck 
water inwards using a submersible pump which is filtered through a ~2 x 5 mm triangular mesh bag, 



displacing 25 L hr-1 (Seabinproject, 2022). The cleaned water is then pumped back into the 
surrounding area leaving the litter in the catch bag (Seabin project, 2022), see Figure 1.  

 
 
Figure 1. Illustration of Seabin and mechanism. Image: Authors own.  
 
Given their increasing use and lack of formal evaluation, the focus of this study was to evaluate the 
performance of a Seabin which was purchased by, and evaluated on behalf of Plymouth City Council, 
the unitary authority for the region in which the Seabin was installed. 
 
1.1 Aims and objectives.  
 
Sampling was conducted around four principal aims. The first to establish whether Seabins are 
selective in the type and size of litter they capture, indicating the overall suitability of the device in 
environments they are designed to operate. The second to establish if litter retention decreases with 
the period of deployment, for example as a consequence of clogging or satiation of the device, and 
the third to examine if the performance of Seabins are affected by weather conditions. Finally, the 
study evaluated the extent to which the deployment site, Queen Anne’s Battery marina, was cleaner 
due to the presence of a Seabin, establishing if the devices presence alleviates the need for other 
cleaning approaches and associated resources.  
 
2. Methods: 

2.1. Study Site 



The Seabin was installed at 50.364233 and -4.131958 at Queen Anne’s Battery marina between 21st 

April and 26th June 2021, see Figure 2. Queen Anne’s Battery marina sits within Plymouth Sound 

(Southwest UK) which is influenced by a semi-diurnal tide and temperate tidal ecosystems as well as 

heavy marine traffic and commercial and recreational boating activity (Langston et al., 2003) being a 

site of six marinas and western Europe’s largest naval base. The Seabin was placed in an area where 

floating marine litter congregated and in a location that did not interfere with the marinas boating 

activities. A seaward facing wall and pontoon either side of the device protected it against strong 

wave action.    

 

Figure 2. Map showing the location of Queen Anne’s Battery Marina within Plymouth Sound and the UK.  

2.2. Seabin selectivity and performance during variable weather conditions   

 

In order to establish if the Seabin was selective in the litter it was capturing, data on litter size and 

composition retained by the device was collected over various durations of operation; 6, 24, 48, and 

72 hours. Litter collected by the Seabin was compared with the litter size and composition present in 

the surrounding marina, determined by manual surface trawls.  To ensure manual cleaning did not 

reduce the availability of litter to the Seabin, following each manual trawl, a period of at least 24 

hours (two tidal exchanges, ~5 m on a spring tide and ~2 on a neap tide) was allowed prior to any 

collection of data from the Seabin.  

 

For each operational period, data was collected on five replicate occasions. After each deployment, 

the contents of the catch bag were emptied, thoroughly rinsed, and sorted by hand. Litter was 

measured using a ruler or tape measure to the nearest millimetre across the longest length. Litter 

items with high flexibility were straightened to maximum length without additional tensional force.  



Abundance of each litter item was recorded and categorized according to the OSPAR guidelines for 

monitoring marine litter (OSPAR, 2020). All litter was then placed in a drying oven for a minimum of 

48 hours to allow dry mass to be recorded to the nearest 0.01g.  

 

The size and composition of litter present in the surrounding marina was also examined across five 

manual trawls, conducted using a 330µm mesh handheld plankton net (26 cm ø) which was towed 

at a constant speed along an adjacent pontoon for 5 minutes. This was conducted at regular 

intervals during the 8-week installation of the Seabin. The location for the manual trawls was chosen 

in order to ensure litter accumulation and litter composition in this area was comparable to the 

location of the Seabin.  

 

Early in the study, it was observed that marine organisms were also being captured by the device, 

therefore any organisms found in the catch bag at the time of collection were identified where 

possible to family level and their abundance and any fatalities were recorded. All organisms 

collected by the Seabin were returned to the marina. Organic matter collected by the Seabin was 

weighed, wet weight (w.w.), and also returned to the marina. The Seabin catchment bag was rinsed 

thoroughly with seawater from a high-pressure hose between each deployment.  

 

Hydrological data and meteorological conditions were also recorded daily. Wind speed (mph), 

rainfall (mm), and temperature (°C) was sourced via Bears by the Sea weather station (located in 

Plymouth 6.5 km from the Seabin). Wind speeds were categorised according to the Beaufort scale, 

and rainfall according to the America Meteorological Society. Tide data was harnessed from Tide 

Times UK recorded at Devonport, 3.5 km from the Seabin.  

 

A pilot deployment using the same device at the same location was conducted between the 4th of 

April and 25th of July 2019, and used to qualitatively compare data on litter retention between 

different years giving generality to the results. During the pilot deployment the device was emptied 

at uniform intervals (24 hours, Monday – Friday).   

 

2.3. The influence of Seabin devices on floating marine litter vs. other cleaning approaches  

 

Between September to November 2020 four independent Seabin users (UK), were asked a series of 

questions regarding their experience of the device. The questions were centred around the topics of; 

the extent of the litter problem in their marina, the selection of the Seabin over other cleaning 

devices or approaches, placement choice, operational regimes (emptying and cleaning), litter 

retention, and operational issues (if any).  

 

Similarly, staff at four marinas in Plymouth were asked a series of questions regarding their cleaning 

operations in order to draw further comparisons between mechanical devices and conventional 

manual cleaning approaches. The questions focused on the method, frequency and extent of 

cleaning operations, the size, composition, and extent of litter retained, and the cost of such 

operations. An approximate cost of these manual cleans were assessed and based upon the 

frequency, duration and litter retention (assuming a standard salary rate, depreciation, and age of 

vessels used and estimates of litter removed if accurate record not kept) compared with the Seabin. 

 

Lastly, an estimate was made as to the number of Seabin devices that would be required to keep 

Queen Anne’s Battery marina ‘free’ from floating litter, based upon litter density in the marina and 

the litter removal rate recorded by the Seabin.  



2.4. Data Analysis 

 

Statistical analysis was performed with R Studio (version 3.6.2) (R Core Team 2021) and Minitab 

(V18). Levene’s test was conducted to test for homogeneity of variances. Raw data that was shown 

to be non-homogenous was transformed by square root and subsequently logged transformed if still 

shown to be non-homogenous. A one-way analysis of variance (ANOVA) followed by a Tukey’s HSD 

was used to test the difference between; mass of litter captured per operation period, abundance of 

items captured per operation period, abundance of litter by material type, abundance of litter by 

item type, and organism mortality per operation period. The statistical conclusion was determined 

according to the comparison of p-value under 95 % of confidence intervals (p=0.05). Data that failed 

the homogeneity assumptions, were analysed for differences using the nonparametric Kruskal-Wallis 

test. The mass of plastic and non-plastic materials collected from the Seabin, as well as the mass of 

plastic and non-plastic materials collected during the manual trawls were compared using a T-Test. 

Prior to analysis, data were tested for the assumptions of normality and homogeneity of variance 

using Shapiro-Wilk test and Levene's test, respectively. Data that failed the above assumptions were 

compared using the Mann-Whitney U test. 

 

The interaction of wind speed, rainfall, air temperature, and tidal state on the retention of marine 

litter by the Seabin were examined in Minitab (V.18) using a linear regression between the 

dependant variable (marine litter) and independent variable (meteorological and hydrological 

parameters).  

 

3.0. Results 

 

3.1. Seabin selectivity and performance during variable weather conditions   

Litter retained by the Seabin was found to be varied in composition and size. A total of 1828 items or 
0.18 kg was retained during 750 hours of operation in 2021, equivalent to 58 items or 0.0059 kg d-1 
per 24 hours.  
 
A Kruskal-Wallis rank sum test showed a significant difference in abundance between various types 

of litter collected by the Seabin (H(65.049)=28, p= <0.01). The most abundant items were consistently; 

polystyrene balls (n=701), biobeads (n=524), and plastic pieces between 0 and 2.5 cm (n=192), See 

Figure 3. 

 



Figure 3. Total abundance of the top 10 most frequently collected items by the Seabin, by operation 

duration.  

A significantly greater abundance of plastics accounting for 98.5 % and 99.5 % of all items, compared 

to paper, cardboard, wood and metal, were collected by both the Seabin (One-way ANOVA, 

F3.12=30.12, p=<0.05; Fig. 4A) and the manual trawls (One-way ANOVA, F2.12=118.6, p=<0.01; Fig. 4B).   

Likewise, a Mann-Whitney U Test showed there to be a significant difference between the mass of 

plastic compared to non-plastic items collected by both the Seabin (W = 51.5, p=<0.001) and manual 

trawls (t = -2.4932, df = 7.8259, p=< 0.05). Plastic accounted for 94 % of the mass of items within the 

Seabin and 82 % of the mass of items collected during manual trawls.  

 

Figure 4: Abundance of items of different material types collected by A) the Seabin device during a total 

of 750 hours of operation and B) from five manual trawls each lasting approximately 5 minutes.   

The pilot deployment in 2019 found a similar retention rate of 40.2 items d-1 (3501 items over 87 
days in operation) to the 2021 deployment. Likewise, the most commonly retained items by the 
catch bag in 2019 were biobeads, fragments, and polystyrene balls, contributing more than 86 % of 
the total items recovered.  
 
Manual cleaning of the marina with the use of a plankton net collected a total of 619 items (116.1 g 

d.w.) across 5 manual cleans, on average capturing 123.8 items ± 80.4 (x ̅±σ) or 19.3 g ± 16.6 g (x̅ ±σ) 

per clean. The most abundant items were; plastic fragments 0 - 2.5 cm (n=297), plastic pellets 

(n=225), followed by plastic pieces 2.5 - 50 cm (n=27), and food packets (i.e. crisps/sweet/sandwich) 

(n=10). The average item collected by the Seabin measured 1.7 cm at its longest length, the smallest 

0.1 cm, and the largest measuring 90 cm. The most common sized item was 0.43 cm.  Whereas the 

average item collected from manual cleans measured 1.8 cm, the smallest 0.2 and the largest 160.5 

cm. Likewise, the most common size item was 0.43 cm. 

3.2 Retention of marine life  
 
In total 505 marine organisms were retained by the Seabin over 750 hours of operation; 283, 187, 24 

and 11 individuals collected during replicate 72, 48, 24 and 6 hour operation durations respectively. 

Marine organisms were captured at a rate of 13 organisms/24 hrs ± 16.7 (x̅±σ), or 1 individual for 

every 3.6 items of litter. Of the 505 organisms captured the majority (68 %) were Ammodytes 

tobianus (Lesser sandeel), 10.5 % were Crangon crangon (Brown shrimp), 5.94 % unidentified 

species from the order Isopoda and 4.75 % Carcinas maenas (Common shore crab). The largest 



individual organism retained was Spinachia spinachia (Fifteen-spined stickleback) which was 

recorded on two occasions. Other organisms infrequently recorded within the Seabin were identified 

within the Orders Amphipoda; Families, Glyceridae (Bloodworms) and Species, Ascidiella aspersam 

(Fluted Sea Squirt) and Chrysaora hysoscella (Compass Jellyfish). Additionally, unidentified juvenile 

fishes accounted for 3.16 % of captured organisms. The pilot study again reported similar findings in 

terms of retention of marine life; A. tobianus being the most commonly captured individuals 

followed by Isopoda and Crustacea. The rate of capture was however lower at 5.9 ± 2.9 (x̅±σ), 

equating to 1 individual for every 6.8 items of litter.  

Of the organisms retained by the Seabin, 37 % were alive upon retrieval of the catch bag, 63 % were 

deceased. A one-way ANOVA showed a significant difference in the total number of organisms 

collected with varying operation durations (F(3,26)=3.324, p=0.0352). The ratio of dead to alive 

individuals typically increased with operation period (Fig. 5), on average 11 % were deceased after 6 

hours of operation, whereas 62 % were dead after 72 hours of deployment (Fig. 5). However, the 

difference in the number of dead and number of alive organisms collected by the Seabin across the 

four operational periods tested was not significant (A Wilcox Rank Sum).   

 

 

Figure 5: Abundance of marine macrobiota captured by the Seabin, shading indicating if organisms 

were dead or alive upon retrieval from the Seabin.  

3.3 Litter retention with time 

Both the average mass and average abundance of litter collected by the Seabin increased with 

operation time. On average 11 items or 0.71 g was collected over a 6-hour period, while 151 items 

or 19.37 grams were collected on average over 72 hours (Fig. 6A & B) but neither the mass or 

abundance of litter retained was found to be significant with changes in cleaning duration (One-way 

ANOVA, F(3,16)=1.715, p=0.204, Fig. 4A and F(3,16)=2.907, p=0.0668, Fig. 4B respectively).  



 

Figure 6: The average mass (B) and abundance (A) of litter collected by the Seabin with operation 

time.  

Over the 8-week deployment a negative correlation was observed between the length of time the 

Seabin had been installed in the marina and the abundance of collected litter, when normalised to 

24 hours operation period litter collection per unit of time decreased significantly from week 1 to 

week 8 (F(1,19)=16.84, p=<0.01).  

Additionally, the amount of organic matter inside the catch bag overwhelmed the amount of litter 

captured, as observed in Figure 7A, typically accounting for the vast majority of the collected mass 

(between 0.5 and 6.65 kg w.w.). Among the commonly retained species were Fucus vesiculosus 

(Bladder wrack), Fucus spiralis (Spiral wrack), Himanthalia elongate (Thong Weed), Fucus serratus, 

(Serrated Wrack), and Ulva lactua (Sea lettuce). The collection of organic matter was also observed 

during manual trawls.  

3.4 Seabin function in variable weather conditions 

During operation periods, gust wind speeds ranged between 13 and 43 mph. Litter retention by the 

Seabin, both abundance and mass, increased with increasing wind speeds, but was not significant 

(p=>0.05, F - 1.29 and p=1.54, F = 2.21 respectively). Ambient air temperature ranged between 10 

and 26 ºC during operational periods. There was a significant negative correlation between 

temperature and the abundance of floating marine litter captured (p=<0.01, F = 7.49). A similar 

trend between temperature and the mass of litter retained by the Seabin was observed (p=>0.05, F 

= 2.94) but was not significant.  

Daily rainfall varied between 0 and 20.8 mm d-1 and tide height between 4.09 and 5.7 m during 

operational periods. No correlation was observed between rainfall and the abundance or mass of 

marine litter captured (p=>0.05, F - 0.01 and p=>0.05, F = 0.36 respectively). A negative correlation 

was observed between tide height and litter abundance (p=>0.05, F = 2.84) while no correlation was 

observed between tide height and mass of litter collected (p=>0.05, F = 0.00).  

3.5. The influence of Seabin devices on floating marine litter vs. other cleaning approaches  

Litter density in Queen Anne’s Battery marina was estimated between 1.4 – 6.6 items m2 (and 

assumed to be uniform) based upon the extent of litter collected during manual trawls which were 

conducted over a set distance. Litter extent was then scaled to the approximate area of Queen 



Anne’s Battery marina (25,000 m2). This was coupled with the daily average number of items 

removed from the marina by the Seabin, (58 items) to give an approximate number of Seabins 

required to keep Queen Anne’s Battery marina ‘free’ from floating litter, estimated in excess of 500 

devices. 

3.5.1. End users of Seabins.  

Surveys of other users revealed that in two of the four marinas, no cleaning occurred prior to Seabin 

instillation.  All other users, including the inland river system user, employed manual cleaning.  In 

each instance the Seabin was placed in areas of floating litter accumulation, but placement was also 

dictated by minimising interference with boating activities. Reasons for purchase included a desire 

to protect the environment, being gifted a device, and to alleviate time required to conduct manual 

cleaning. The frequency at which users emptied the Seabin was comparable to our experimental 

study, every 1 - 2 days. A hose was the most common cleaning method, typically undertaken every 

few weeks.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

The mass of litter retained was not formally recorded by any user, but estimations in the marinas 

were consistently in the order of grams of litter per day, with the operator in the river system 

reporting ~1 kg per day.  No formal record of the composition of litter was kept by any users, but the 

most commonly retained items were reported to be plastic pellets, polystyrene, cigarette butts, 

plastic fragments, food wrappers, drinks bottles and bottle tops. Users reported that collected litter 

typically reflected what was present in the surrounding marina, one noting however that the Seabin 

would not capture large items. No users reported any change in performance during variable 

weather conditions.  

Issues flagged by users included; personnel time required to maintain the device (empty and clean), 

outgoings of electricity and staff costs outweighing the benefits in terms of litter removal, and 

challenges in manually lifting the device in and out of the water. None of the users flagged capture 

of aquatic organisms as an issue. Of the users we spoke to half still had their Seabin in operation, the 

three devices removed from the water attributable to the issues raised above.  

3.5.2. Manual cleaning efforts in Plymouth marinas  

Of the four local marinas and ports consulted, 3 conducted cleans all year round, the remaining 

reliant on the flush of the tide to remove floating litter from the area. The frequency of cleans was 

variable (daily to monthly) or conducted on a ‘as and when’ basis. All marinas employ manual 

cleaning, operating from the docks or pontoons, and some frequently increase their reach with the 

use of a small vessel. The estimated mass of litter removed per clean was in the range of ~10 - 100 

kg (estimated w.w.). The composition of litter collected typically included; organic matter (notably 

seaweed and wood), food and drink packaging (shop bought and takeaway), and fragmented plastic.  

The approximate cost of operations varied amongst manual cleaning efforts and were comparable 

with the operation costs of the Seabin. However, due to the Seabins lower rate of litter retention 

(g/d compared to kg/d) it comes out consistently, by 2 to 3 orders of magnitude, more expensive (in 

£/kg removed) than manual operations.  

4.0 Discussion  

Our study showed the Seabin not to be selective in the litter it retains, capturing the most common 

items present in the surrounding area. Similarly, the size of items collected was largely comparable 

between the mechanical and manual approaches. They differed slightly where the manual clean 



recovered an item almost twice the size of the largest item found within the Seabin, the dimensions 

of the catch bag (~28 cm) likely limiting the upper size limit of items it can retain.  

Conversely, the five manual trawls conducted at Queen Anne’s Battery marina during the 8-week 

Seabin deployment collected an average of 123.8 items or 19.3 g per clean (5 minutes) whereas the 

Seabin on average captured the equivalent of 58 items, or 0.0059 g when scaled to a 24-hour 

operating period. Consequently, it can be concluded that despite the Seabin showing little material 

or item selectivity, it had a poor capture rate compared with the time required to collect comparable 

quantities via manual efforts. This is also in contrast with the Seabin website which estimates each 

device can capture an estimated ‘1.4 tonnes of litter a year’ (Seabinproject, 2022). In the 

environment examined, our data showed the retention of a large number of marine organisms in 

addition to floating litter. It could be hypothesized that some species were attracted to the device to 

forage or to seek refuge. Previous studies have observed juvenile fish utilising structures in estuaries 

and ports as a nursery habitat (Duffy-Anderson et al., 2003). Additionally, algal growth was observed 

around the rim of the device which increased the habitat complexity, consequently increasing food 

availability and shelter for refuge (McCoy and Bell, 1991; Di Franco et al., 2021). Therefore, when the 

Seabin is switched on, organisms in close proximity risk being sucked into the device. 

The majority of marine life (>60 %) retained were found to be dead upon retrieval of the Seabin 

catch bag. It can be speculated that some organisms were dead prior to their capture. However, our 

findings suggest some individuals entered the Seabin alive and died as a result of their capture. This 

was evident by the ratio of deceased to alive individuals typically increasing with operation time (Fig. 

5). This could be attributable to being crushed by the surrounding material weight in the catch bag 

or a lack of oxygen. With a mortality of 88 % and 74 % respectively A.tobianus and C. maenas appear 

to have the lowest likelihood of survival. More resilient organisms captured appeared to be C. 

crangon, isopods and some juvenile fish species (excluding A. tobianus) with mortality rates of 19 % 

24 % and 24 % respectively. Additionally, unless users of the device separate organic matter and 

organisms from the litter, those that do survive capture will likely die following disposal of the catch 

bag contents. Such separation was found to be time consuming as organisms are difficult to see Fig. 

7A. 

 



Figure 7: [A] showing the contents of the Seabin catch bag following a 72-hour deployment containing 

>100 A. tobianus tangled in organic matter and litter and [B] the build-up of such organic and inorganic 

material that resulted in a blockage in the pump system.  

Of the different taxonomic groups recorded, the Seabin retained mostly pelagic, but also benthic 

individuals such as C. maenas and other organisms from the order Isopoda. While pelagic individuals 

reached the Seabin either by swimming or at the mercy of currents and tides, we can speculate that 

benthic species could have entered the Seabin via the pontoon and other marina infrastructure, or 

they were pumped into the Seabin once deceased. Appendages of species such as the C. maenas 

were occasionally found within the catch bag but only whole organisms were counted as bycatch. 

Sessile organisms, such as A.aspersa, may have entered the Seabin while attached to, or tangled in 

floating debris, after detaching from structures such as pontoons. It is worth noting that other non-

selective technology-based approaches to marine litter will likely also suffer with problems relating 

to bycatch. Likewise, if waste collected during manual cleaning efforts is not separated, any live 

individuals will likely die upon disposal. 

Without modifications to the device to allow for the escape of live organisms, cleaning the external 

structure of the Seabin in order to deter species seeking refuge or food and increasing the frequency 

at which the catch bag is emptied to improve the chances of survival of captured organisms would 

help mitigate the effects of bycatch. Thorough sorting of contents of the catch bag upon retrieval 

and return of live organisms to the water would also help reduce mortality rates.   

In seasonal climates, temporal variations in species richness and abundance are observed in coastal 

waters (Gibson et al., 1993) attributable to breeding and growing seasons over the spring and 

summer period, leading to an abundance of juvenile fish. In most temperate regions, the growing 

season is followed by offshore migration in the late summer and autumn, resulting in a reduced 

density and species diversity (Gibson and Yoshiyama, 1999; Gibson et al., 1993). The deployment of 

the Seabin in this study therefore potentially coincided with a period of greater abundance and 

diversity of marine life. It could be hypothesised that during the autumn and winter seasons, the 

retention of marine life by the Seabin may be less extensive.  

4.2 Litter retention with deployment duration 

On one occasion the Seabin was removed from the water due poor filtration speeds attributed to a 

blockage in the pump system. In order to reach the clogged part of the pump, which is situated 

~1.5m underwater and therefore inaccessible from the surface, the device was removed from the 

water requiring three people to manually haul the device onto the pontoon. The pump was clogged 

by an abundance of organic and inorganic material (See Figure 7B) that passed through the mesh of 

the catch bag and were resultantly sucked into the pump system.  

In the absence of regular and thorough cleaning of the Seabin i.e. removal of the device from the 

water, our results showed there to be a significant decrease in the retention of litter over time. 

Removal and thorough cleaning is advised to take place on a biweekly basis, placing quite 

demanding requirements in terms of staff time to maintain the device.  In addition, sorting litter 

from organic litter and marine life was found to be a time intensive process. This aligns with other 

Seabin users who raised the issues of costs in personnel time and challenges in cleaning the device. 

If these processes were overlooked, the function of the Seabin declines, and upon discarding the 

contents of the catch bag any surviving marine life would die upon disposal.  

4.3. Seabin function in variable weather conditions 



Although the relationship between litter retention and wind speed was not significant, a positive 

correlation suggested a greater litter retention with higher wind speeds. The relationship between 

litter retention and decreasing temperatures was found to be significant, possibly attributable to 

lower temperatures typically coinciding with more turbulent weather events (high winds and 

rainfall). We suggest that climatic conditions did not affect the performance of the Seabin itself, but 

likely increase the delivery of litter to the device and consequently the encounter rate. It could also 

be hypothesised that as a result of the seaward facing wall at our selected study site, the influence 

of wind and rainfall may somewhat mitigate litter movement from the south and west.  That said, by 

design these devices are intended to be located in sheltered waters so some hindrance of litter 

delivery by pontoons and similar structures would be observed in many locations.   

4.4. Seabin influence on floating marine litter in the surrounding environment 

The device location and maintenance regimes of the other users consulted were comparable with 

findings from Queen Anne’s Battery, likewise were the rates of litter retention and commonly 

flagged issues with the device, most notably the trade-off between time and resources required to 

operate and maintain the device versus litter removal. When coupled with the cost per kg of litter 

removed it indicates manual efforts to be favourable. These findings give greater confidence and 

generality to the results recorded in this study.   

Furthermore, with such a high number of devices estimated to be required to keep Queen Anne’s 

Battery marina free from floating litter, capture of marine organisms, maintenance costs, and energy 

use would also scale considerably. 

4.5 Techno-optimism - can clean-up devices impact human perceptions and littering behaviour? 

Technological innovations, such as the Seabin have a part to play in reducing litter, complementing 

existing clean-up efforts particularly in coastal environments. Furthermore, visible and innovative 

means of addressing the marine litter problem can raise awareness and create momentum locally or 

on a wider scale (Peytavin, 2021).  Although physical interventions such as the Seabin are unlikely to 

replace community-led clean-up initiatives, at least in their current state of development, they can 

shape people’s risk perceptions around the issue of marine litter. However, excessive reliance on 

technological innovation and advancements in solving environmental problems, or ‘techno-

optimism’ (Barry, 2012), can also undermine motivation for mitigating actions (Gardezi and 

Arbuckle, 2018). At an extreme, techno-optimism may alleviate one’s personal sense of 

responsibility for waste and litter, by aiding the illusion that technology is ‘taking care of the 

problem’ where littering could be seen as more acceptable in the presence of clean-up devices.  

Evidence on the psychological impacts of clean-up devices is lacking at present, but such unintended 

consequences are possible.   

Nevertheless, given that technological clean-up solutions to marine litter are yet to reach 

widespread implementation, techno-optimism is unlikely to have resulted in a widespread shift in 

behaviour, but may gain prevalence if the use of clean-up technology increases. Furthermore, 

manual community-led clean-ups do not only recover visible litter, but they also render various 

wellbeing benefits (both physical and psychological) to participating individuals (Wyles et al., 2017). 

5.0. Conclusion  

This study provides the first formal independent evaluation of the performance of the 

Seabin device. While the Seabin was largely effective in capturing the diversity of floating litter 



present in the surrounding marina, in the environment examined, the 

rate of litter capture was substantially inferior to manual cleaning. When considered in conjunction 

with the unintentional retention 

of marine organisms and associated maintenance requirements it indicates 

manual cleaning efforts to be a more advantageous approach than the Seabin in its current state of 

development. A pilot deployment and consultations with other users of the devices help and give 

generality to our findings. Further evaluations of mechanical devices designed to intercept plastic 

litter flow in coastal environments are necessary to help indicate the efficacy of mechanical cleaning 

solutions for the removal of litter from the marine environment and inform key policy interventions 

such as the UNEA 5.2 Plastics Treaty. 
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