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ABSTRACT  

Plastics are an environmental threat; however, their fate once in the pelagic environment is poorly 

known. We compare results from assessments of floating plastics in the South Pacific Ocean with 

accumulated beach plastics from Henderson Island. We also compare accumulated plastic mass on 

Henderson during 2015 and 2019 and investigate the presence of nanoplastics. There were 

differences between the size classes of beach and pelagic plastics, and an increase in microplastics 

(0.33–5 mm) on the beach between 2015-2019. Micro- and nanoplastics were found at all sites 

(mean ± SE: 1960 ± 356 pieces/kg dw). Across the whole beach this translates to >4 billion plastic 

particles in the upper 5 cm.  This is concerning, particularly given Henderson is uninhabited and 

distant from urban centres (~2350 km from Pape’ete, French Polynesia). The vast number of small 

particles on Henderson may make nearshore filter feeders susceptible to ingestion and subsequent 

detrimental impacts. 
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1. Introduction 

Life without plastic is unimaginable in today’s society, yet the mass production of this fossil-fuel 

derived material began just 70 years ago (PlasticsEurope, 2013, 2019). In 2018, 359 million tonnes of 

plastic were produced globally and current rates of production double approximately every 10 years 

(PlasticsEurope, 2019). Plastics have myriad uses due to product longevity and malleability, leading 

to numerous societal improvements (e.g., medical treatments and sanitation; Carney Almroth and 

Eggert, 2019). However, the high demand for plastics and inefficient waste management has 

resulted in plastic permeating throughout the natural environment, from the deepest ocean trench 

and highest mountain top, to the Earth’s atmosphere (Chiba et al., 2018; Napper et al., 2020; Zhang 

et al., 2020). The lightweight and durable properties of most plastics allow the items to persist for 

decades and be transported long distances by wind and currents (Barnes et al., 2009; Eriksen et al., 

2014; Lebreton et al., 2018) with 19-23 million metric tonnes of plastic waste entering the marine 

environment in 2016 alone (Borrelle et al., 2020). 

Plastics pose a significant risk to marine ecosystems and biota through entanglement, transportation 

of invasive species or contaminants(Barnes et al., 2009). The ingestion of plastic can damage the 

digestive tract, reduce growth rates, and cause starvation which can sometimes lead to death of 

wildlife (Lavers et al., 2014; Wilcox et al., 2018). Plastics can also act as a vector for chemicals that 

are absorbed from surrounding waters, or incorporated during the manufacturing process (Lithner 

et al., 2011; Turner, 2017). Wildlife and humans are therefore at risk of increased exposure to 

chemicals through direct consumption of plastic, or indirect consumption of contaminated 

organisms (Lehner et al., 2019; Oliveira and Almeida, 2019).  

The abundance of plastics in the environment and diversity of shapes, sizes, and properties has 

highlighted a need for common definitions and structured collection and reporting methods that will 

enable comparisons among studies (Cowger et al., 2020; Hartmann et al., 2019; Provencher et al., 

2017; Serra-Goncalves et al., 2019). Standardising plastic definitions will also enhance global policy 
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objectives in attempt to reduce further environmental damage from these products (Provencher et 

al., 2020; Serra-Goncalves et al., 2019). Plastic size categories are commonly reported as 

macroplastic (>20 mm), mesoplastic (5–20 mm), and microplastic (<5 mm; Arthur et al., 2009; 

Barnes et al., 2009). More recently, microplastics have been further categorised into large 

microplastics (1–5 mm), small microplastics (<1 mm), and nanoplastics (1–1000 nm; Galgani et al., 

2013; Koelmans et al., 2015). However, there remains substantial variation in how these categories 

are delimited, and consensus is yet to be reached (Hartmann et al., 2019; Provencher et al., 2017). 

For example, although the upper limit of microplastics is often 5 mm, the lower limit, and sizing 

terminology, varies considerably, and nanoplastics variously refer to items <100 or <1000 nm (Tables 

1 and 2; Gigault et al., 2018; Mendoza et al., 2018; Wyer et al., 2020).  

Regardless of the size of items, the fate of individual plastics entering the marine environment is 

uncertain (Cressey, 2016). Ocean gyres, formed by strong winds and circular ocean currents, can 

accumulate significant quantities of floating plastic debris (Eriksen et al., 2014; Law et al., 2010). 

Though plastic inputs into the ocean are increasing annually, floating surface plastic may account for 

1% of all plastic found at sea (Cózar et al., 2014; Jambeck et al., 2015; Law et al., 2010; Van Sebille et 

al., 2015). The absence of such high quantities of plastics from the ocean’s surface could result from 

a range of factors, including fragmentation, where plastics break up (i.e., through wave or UV 

exposure) into smaller particles and thus lose buoyancy over time (Andrady, 2011; Egger et al., 

2020). Particles may also be ingested by organisms, which through deposition (e.g., contaminated 

fecal matter) may remove plastics from the marine environment (Bourdages et al., 2020; Van 

Franeker and Law, 2015). Plastics may also attract and accumulate organisms (biological fouling) 

which could lead to the sinking of particles and resurfacing of low density plastic particles through 

de-fouling (Andrady, 2011). Finally, plastics of all sizes can wash ashore in large quantities, often 

becoming buried in beach sediments over time (Cózar et al., 2014; Lavers and Bond, 2017). While 

there is growing interest in the fate of this “missing” debris, few studies provide robust data or 
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descriptions that help elucidate debris dynamics (Cózar et al., 2014; Egger et al., 2020; Pohl et al., 

2020).  

Cózar et al. (2014) suggested plastic particles <1 mm to be the least abundant size class in surface 

waters, and that this may result from size selective removal processes. A more recent study found 

that >50% of plastics found deeper within the water column were <1.5 mm, and the vast majority of 

plastics found below the ocean’s surface were <5 mm (Egger et al., 2020). Research into size removal 

processes (i.e., aquatic sediments, marine organism ingestion/disturbances, and beached debris) 

could lead to a greater understanding of plastic behaviour and fate once in the marine environment 

(Cózar et al., 2014; Egger et al., 2020). This is particularly true for nanoparticles which are poorly 

documented in both terrestrial and aquatic environments (Koelmans et al., 2015), including the 

South Pacific region where data are especially limited (Bakir et al., 2020; Cózar et al., 2014).  

Some of the highest quantities of beached plastics were found washed ashore on Henderson Island 

in the Pitcairn Islands in 2015 (Lavers and Bond, 2017). This remote and uninhabited island is in close 

proximity to the western boundary of the South Pacific gyre, which is thought to influence plastic 

accumulation on Henderson’s beaches (Lavers and Bond, 2017). A lack of direct human influence has 

meant beach-washed debris items on Henderson Island can act as an indicator of marine pollution in 

the broader region (Lavers and Bond, 2017). Here we quantify marine debris present on Henderson 

Island to (1) compare the size distribution of plastics recorded on land (Henderson Island) and in the 

pelagic surface waters of the South Pacific (Cózar et al., 2014), (2) determine whether the density of 

macro- and microplastics on Henderson have increased since 2015 and 2019, and (3) investigate the 

abundance of micro- and nanoplastics are present in beach sediments. 

 

2. Materials and methods 
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2.1. Study location 

Henderson Island (24.36°S, 128.30°W) is a 43 km2 raised coral island and UNESCO World Heritage 

Site in the South Pacific Ocean and is one of four islands in the Pitcairn Island group (Fig.1). The 

closest human population (Pitcairn Island; ~45 permanent residents) is 155 km west. Samples were 

collected on East Beach, a 2.25 km sand beach inside the fringing reef which faces the predominant 

currents in the region (Irving and Dawson, 2012), from 13 June–24 July 2015 (Lavers and Bond, 2017) 

and 7–21 June 2019. 

2.2 Field data collection 

We defined size classes based on common mesh sieve sizes: macroplastics >5 mm, and microplastics 

0.33-5 mm (Andrady, 2011; Eriksen et al., 2014; Masura et al., 2015). Microplastics were further 

divided into two categories to allow comparison across existing studies: large microplastics (1–5 

mm) and small microplastics (0.33–1 mm). Plastics from beach core samples (see below) ranged 

from 50 μm to 5 mm, and are collectively referred to as microplastics and nanoplastics, as no size 

distribution was available. 

2.2.1. Beach surface macro- and microplastics 

For macro-and microplastics, collection methods during 2019 followed Lavers and Bond (2017), with 

a few modifications (fewer transects/quadrats, and buried debris not recorded) due to time and 

logistical constraints. Macro- and microplastics, including plastic, glass, wood, and metal items, were 

sampled in five 1 × 1 m quadrats placed randomly along the strandline of East Beach (Fig. 2A). 

Sediment and debris from the top 1 cm of each quadrat were collected as a bulk sample using a flat 

trowel. Due to permit requirements, initial sorting was completed in situ using our smallest sieve 

(0.33 mm) in order to separate the bulk sample into debris items (retained for further analysis) from 

large organic materials (e.g., leaves, coral, algae). Organic materials and bulk sediment were 

discarded. Pre-sorted debris samples were then transferred to individually labelled, sterile plastic 
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sealed bags for transport to the lab. In addition to the quadrats, macroplastics were also recorded in 

a 50 m transect covering the entire beach width (7 m) placed randomly. All debris was counted and 

sorted by size and type with small items (micro- and nanoplastics) weighed using an electronic 

balance (Mettler Toledo PB303-S) and macroplastics using a spring balance (± 1 g) following Lavers 

and Bond (2017).  

2.2.2 Nanoplastic beach core samples 

Following Maes et al. (2017b), a 50 g bulk sediment sample was collected from each of the five 

quadrats at a depth of 5 cm using a 50 mm diameter stainless steel corer. The samples were placed 

in individually labelled glass jars. Prior to use, each jar was washed in hot water to remove any 

residue, then thoroughly rinsed with reverse osmosis water before being sealed with aluminium foil 

(also rinsed with reverse osmosis water) to prevent contamination.  

2.3. Lab data collection 

2.3.1. Beach surface macro- and microplastic 

Care was taken to prevent contamination of samples with plastic particles from outside sources: we 

used Milli-Q water (Vermaire et al., 2017), work benches and tools were wiped clean with sterile 

paper and 70% ethanol between samples. We sourced lab consumables made of glass and 

researchers wore lab coats and clothing made of non-synthetic materials whenever possible (Torre 

et al., 2016).   

For each of the five quadrats, the pre-sorted samples were placed in stacked Tyler mesh sieves (0.33, 

1.00, and 4.75 mm) to sort the samples into three size categories. Microplastics that could not be 

confirmed by the naked eye (typically <1 mm) were identified using a dissecting microscope (40× 

power; Lusher et al., 2020). Plastic particles were sorted by size based on particle width, allowing for 

long thin particles to be counted as a size class smaller than the total length (Lusher et al., 2020). 
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As plastics <1 mm require further identification methods, we used density separation via floatation 

in sodium chloride (NaCl) for samples 0.33–1 mm in order to identify and remove any residual non-

plastic items (e.g., coral;  Galgani et al., 2013; Hidalgo-Ruz et al., 2012; Masura et al., 2015). A 

saturated NaCl solution (1.2 g cm-3) was prepared using Milli-Q water and stirred with a stainless 

steel stirrer. Each plastic sample was then introduced to their allocated glass beakers and stirred 

manually for 2 minutes and left to settle for one hour. Complete samples were then extracted from 

the solution, poured through a 0.33 mm metal sieve, and rinsed with Milli-Q water to remove any 

residual salt solution. Samples were then transferred to glass jars, covered in aluminium foil, and left 

to air dry for 72 hours. Settled particles (e.g., rock, coral, sand, and plastics) from each beaker were 

examined under dissection microscope to remove any identifiable plastics which were of a higher 

density than the salt solution. One beaker containing only NaCl solution was placed alongside each 

sample to act as a blank. Blanks were covered with aluminium foil, with a total of two blanks used 

throughout the extraction process; both blanks had no plastics detected within our size categories.   

Once dry, a fine natural fibre, non-shedding brush was used to spread particles from each sample 

evenly across a sheet of velvet fabric. Samples were then photographed using a Canon 70D camera 

and 100 mm lens. Plastics were then counted using ImageJ 1.53a software (Schneider et al., 2012) 

(Fig. 2B).  

2.3.3. Micro- and nanoplastic beach core samples 

Bulk sediment samples from the stainless corer were sent to the Centre for Environment, Fisheries 

and Aquaculture Science (Cefas) Laboratories in Lowestoft, United Kingdom for analysis and 

identification of micro- and nanoplastics using density separation and spectroscopy. All chemical 

solutions used were previously filtered using a 0.2 µm regenerated cellulose membrane. Sediment 

samples were transferred to 100 mL glass beakers and the lids were replaced with 15 cm Whatman 

509 filter papers, held into place using small metal wires. Each sample was dried in a drying cabinet 
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below 50°C for 72 h. Five grams of the sediment were weighed into three 50 mL polypropylene 

centrifuge tubes in a biological safety cabinet with ventilation.  

Density separation was carried out by using a 1.37 g/mL-1 solution of zinc chloride. Approximately 

35 mL of zinc chloride solution was added to each of the centrifuge tube and 37 mL was added to an 

empty tube as a control. Each tube was centrifuged at 3900 × G for 5 min. Each supernatant was 

transferred to a previously cleaned filtration unit and filtered using a 0.2 µm porosity Whatman 

cellulose nitrate membrane. The whole process was repeated two more times and the supernatants 

combined on the same filter. Each filter was then carefully transferred to previously cleaned 100 mL 

glass beakers with a glass lid for the alkaline digest process. Samples were incubated using a 30% 

potassium hydroxide:sodium hypochlorite solution to remove organic matter at 40°C on a rotary 

shaker at 120 rpm prior to filtration using a 0.2 µm regenerated cellulose membrane. Following 

filtration, the filters were stained using Nile red (Maes et al., 2017a). Automatic counting was also 

validated by visual inspection and visual validation. The lower detection limit for micro- and 

nanoplastics was 50 μm. 

2.4. Statistical analyses 

All statistical analyses were conducted in R 4.0.2 (R Core Team, 2020). Values are stated as mean ± 

standard deviation (SD), unless otherwise specified, and results were considered significant when p < 

0.05.  

2.4.1. Pelagic and beach surface comparison 

To test whether there was a difference between the size distribution in pelagic debris items as 

recorded by Cózar et al. (2014) in the South Pacific Ocean and macro- and microplastic debris from 

Each Beach, Henderson Island in 2019, we pooled the 28 size classes by Cózar et al. (2014) so they 

were consistent with the categories used in this study, with the lowest size corresponding to the 

smallest mesh sieve, and the upper size being the width of the quadrat (0.33–1 mm, 1–5 mm, 5 to 



9 
 

1000 mm). Although a 4.75 mm sieve was used on Henderson Island, we pooled sizes to 5 mm for 

ease of comparability. We calculated the mean number of each of these size classes for comparison. 

A log-linear model was used to assess the size distributions of plastics across both pelagic and beach 

sources.  

2.4.2. Henderson Island macro- and microplastic comparison 

To compare our findings with the 2015 survey of Henderson Island, we used the surface debris count 

data from three of the transects completed in 2015 (total area surveyed 280 m2) (see Fig. 2 in Lavers 

and Bond, 2017). Differences between the accumulated mass of debris in 2015 and 2019 were 

examined using a general linear model (GLM). Changes in the mass of microplastics were not 

examined due to the small sampling area in 2019.  

2.4.3. Micro- and nanoplastic beach core samples 

 The mean number and SD of micro- and nanoplastic items was determined per kg of dry sediment 

of each individual quadrat. The total means of all five quadrates were calculated along with the 

standard error (SE). 

We extrapolated the total number of plastics in the top 5 cm of East Beach by using 10,000 

bootstraps drawn from the five quadrat values, and multiplying this by the standard density of beach 

sand (2.65 g/cm3; Manger, 1963) and dimensions of East Beach (2.25 km × 7 m; Lavers & Bond 

2017), and present the mean value with 95% confidence intervals. 

3. Results 

3.1. Comparing pelagic and beach plastics in the South Pacific  

A total of 17,501 plastic items were collected from five 1 × 1 m quadrats on Henderson Island during 

2019, with 13.1% macroplastics (n = 2291), 51.2% large microplastics (n = 8974), and 35.6% small 

microplastics (n = 6236; Fig. 3). The distribution was similar to that modelled by Cózar et al. (2014) 
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with 13.2% of pelagic debris also being macroplastic, however the proportion of large microplastics 

(67.8%) and small microplastics (18.8%) differed between pelagic and beach environments. Overall, 

there was a significant difference between the size distributions of pelagic and beach-based plastic 

items (χ2 = 380.23, df = 2, p < 0.001).  

3.2. Beach plastic abundance in 2015 and 2019 

There was no significant difference between the macroplastic density between 2015 (458.326 ± 

438.671 g/m2) and 2019 (408.326 ± 591.864 g/m2; F1,17 = 0.016, p = 0.902). The density of 

microplastics, however, was an order of magnitude greater in 2019 (23.391 ± 11.7 g/m2) than 2015 

(2.128 ± 3.285 g/m2; F1,17 = 39.351, p <0.001; Table 3). 

3.3. Micro- and nanoplastics in beach core samples 

Micro- and nanoplastic particles were identified from all three replicates of the beach core sediment 

samples taken from all five quadrats on East Beach in 2019. Total micro- and nanoplastics extracted 

ranged between 1467 ± 643 and 3333 ± 1976 pieces/kg dw (mean ± SE: 1960 ± 356 pieces/kg dw; 

Table 3). 

Across the whole of East Beach, we estimated 4.089 billion micro- and nanoplastic particles (95% 

confidence interval: 3.088-5.565 billion particles) in the top 5 cm of sand. 

4. Discussion 

Our findings demonstrate the value of remote islands as marine pollution indicators. We found 

differences in plastic size distributions across beach and open water environments, and a significant 

increase in microplastic density between 2015-2019. While our study documented micro- and 

nanoplastics at a depth of 5 cm in beach sediments, previous work has shown that these plastic sizes 

are likely ubiquitous throughout ecosystems (La Daana et al., 2020; Napper et al., 2020). Thus, many 
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current estimates of plastic abundance are likely underrepresented as nanoplastics are typically 

unaccounted for (Lindeque et al., 2020; Peng et al., 2020).   

4.1. Plastic size distribution 

The size distribution of macroplastics was similar across both Henderson Island and particles 

modelled for the open surface waters of the South Pacific Ocean by Cózar et al. (2014). However, the 

size distribution of large (pelagic: 67.8%; beach: 51.2%) and small microplastics (pelagic: 18.8%; 

beach: 35.6%) were significantly different across the two systems. Ocean surface waters transport 

buoyant plastics to beaches, and in our case, items deposited on Henderson Island may initially 

reflect the size of debris in surface waters, but over time, the size distribution may change due to 

greater elemental exposure in a beached environment (e.g., mechanical abrasion; Andrady, 2011; 

Koelmans et al., 2015; Song et al., 2017). The differences identified between both large and small 

microplastics from beach and surface waters could also result from different removal processes or 

exposures that may be occurring between the two locations (Cózar et al., 2014). For example, small 

microplastics from surface waters can lose buoyancy and sink either as a result of biofouling or 

polymer type (Egger et al., 2020), which could remove these particles from the ocean’s surface 

where most debris sampling has taken place to date. In contrast, beached plastics can fragment into 

small microplastics, where they may remain relatively in situ (Andrady, 2011), allowing them to 

accumulate and be more readily recorded in sampling efforts than at sea. Few studies have 

described the size distribution of beached plastics, however, in southern China, microplastics 

between 0.33–5 mm accounted for 98% of plastic items located on the beach surface, compared to 

2% macroplastics from 5–10 mm (Fok et al., 2017). Overall, our understanding of the mechanisms 

influencing the fate of plastic in the ocean and in beach sediments are relatively limited (Cózar et al., 

2014; Egger et al., 2020; Fok et al., 2017).  
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4.2. Density of plastic on East Beach, Henderson Island  

We found no significant difference in the density (g/m2) of macroplastics on East Beach between 

2015 and 2019 (Lavers and Bond, 2017). In contrast, the quantity of microplastics differed 

significantly and has increased on East Beach by an order of magnitude. The similarity in 

macroplastic density between the two years is surprising considering the increased volume of plastic 

waste entering the marine environment every year (Borrelle et al., 2020; Jambeck et al., 2015). 

There may be multiple explanations for these findings. Firstly, the beaches of Henderson Island are 

surrounded by a fringing reef. As plastic items pass over the reef, wave exposure may cause 

mechanical abrasion which could induce rapid fragmentation of macroplastics into smaller particles 

(Andrady, 2011; Lavers and Bond, 2017). Large storm events may bury beached macroplastics or 

allow greater numbers of items to wash ashore, thereby influencing the quantity of macroplastic 

present on the beach in 2019 (Song et al., 2017). To our knowledge, comparable microplastic mass 

data are not yet available for remote islands, although future modelling predicts that marine 

microplastic density will double in the next 10 years (Isobe et al., 2019). Our findings are concerning 

given that Henderson Island is uninhabited and distant from urban centres. Considering these 

factors, and the variability around plastic density estimates, continued and consistent sampling 

effort will be required to establish trends in debris accumulation on Henderson Island (Serra-

Goncalves et al., 2019).  

4.3. Micro- and nanoplastics in beach sediments 

We estimate each 1 × 1 m quadrat contained 3333 ± 1973 micro- and nanoplastic particles/kg dw at 

5 cm depth, and more than 4 billion micro- and nanoplastics across the whole of East Beach. Few 

studies have quantified nanoplastics within the marine environment because of the challenges of 

identifying tiny particles, which requires specialised, and often expensive equipment (Hidalgo-Ruz et 

al., 2012; Provencher et al., 2020). Although there is a lack of nanoplastic data to compare our 

findings with, one study from Norderney, an island off Germany’s mainland, found >213 nano 
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fibres/kg dw of beach sediment (Dekiff et al., 2014). A comparative study from Solomon Island 

coastal sediment found microplastics (defined in the study as <5 mm) between 600-6,867 items per 

kg/dw, however, these finding were in close proximity to densely populated coastal zones and other 

anthropogenic influences (Bakir et al., 2020).  

Buried beach plastics can have less environmental exposures (e.g., wind) than surface plastics, and 

can therefore act as reliable plastic pollution indicators (Tavares et al., 2020). In our study, micro- 

and nanoplastics at a depth of 5 cm were the only buried items sampled during 2019. However, 

Lavers and Bond (2017) found 68% of all macro- and microplastics on Henderson Island during the 

2015 survey were buried within the sediment at <10 cm. The number, type or size of plastic particles 

in sediments >10 cm depth is unknown for Henderson Island, but items are likely distributed 

throughout the beach substrate as continuous movement of sand via waves and bioturbation may 

cause gradual movement of plastics (Song et al., 2017; Tavares et al., 2020). For example, plastics are 

found up to 2 m deep in beach sediment off São Paulo, Brazil, although with a likely reduction in 

plastic abundance at increased depth (Turra et al., 2014). Overall, the high number of micro- and 

nanoplastics detected in beach sediments on Henderson Island, thousands of miles from the nearest 

urban centre, highlights the difficulty, and likely underrepresentation, of current debris estimates for 

beaches, worldwide.  

4.4. Plastic: risks to Henderson Island’s wildlife 

Our understanding of the effects of plastic on Henderson’s wildlife is limited. Seabirds on Henderson 

ingest small quantities of plastic (0–16% of 93 samples in three species; Imber et al., 1995), but 

follow-up data do not exist. Henderson’s strawberry hermit crabs (Coenobita perlatus)  experience 

high rates of entrapment and mortality in beached plastics, however impacts on the population are 

not known (Lavers et al., 2020). Beached plastics can pose a hazard to nesting turtles, such as 

increased entanglement for laying females and hatchlings (Aguilera et al., 2018; Gündoğdu et al., 

2019). Similar data are not available for Henderson, but nesting green turtles Chelonia mydas 
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(Brooke, 1995) likely experience some of these effects due to the accumulated debris, with reports 

of adult turtles entangled in ghost nets (Lavers and Bond, 2017). Debris accumulated on Henderson’s 

beaches can also alter the sediment temperature profile (Lavers et al., in review). Increasing 

sediment temperature, often associated with climate change, has been attributed to female biased 

sex ratio in sea turtles (Jensen et al., 2018; Tomillo et al., 2014), therefore debris accumulation on 

Henderson may significantly impact the nesting turtle population. 

While the effect of nanoplastics on Henderson’s ecology are unknown,  the exposure of marine and 

freshwater organisms to nanoplastics (mostly within controlled laboratory settings) is associated 

with a range of harmful effects (Haegerbaeumer et al., 2019). They can impact growth and 

reproduction of algae and small benthic invertebrates (Besseling et al., 2014; Sendra et al., 2019). 

Marine benthic filter feeders (e.g., sea cucumbers) could ingest or resuspend nanoplastics 

embedded within sandy sediments, making them available to other marine organisms (Renzi et al., 

2018). Thus, as Henderson is home to myriad marine species, including filter feeding organisms 

(Irving and Dawson, 2012), and heavily contaminated with nanoplastics there is a need to better 

understand the implications of nanoplastic exposure on this unique and vulnerable ecosystem.  

4.5. Study limitations  

Spatial and temporal trends are an important aspect of ecological research, including quantifying 

and predicting plastic accumulation patterns over time. However, gathering the necessary, robust 

datasets can be extremely challenging due to the variability in sampling and reporting methods,  

difficulty associated with working in remote areas (i.e., dangerous weather conditions; Browne et al., 

2015), and seasonality in debris accumulation (Maharani et al., 2020; Ríos et al., 2018). For example, 

seasonal variability was identified in the remote island beaches of the Azores archipelago, likely a 

result of temporal wind exposure, and human influences (i.e., tourists more prevalent in summer 

leading to more beach clean-ups in this season)(Ríos et al., 2018). However, we attempted to 

minimise the effects of seasonality (i.e., south-easterly trade wind patterns) by completing our 
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surveys in June 2015 and June 2019. A handful of recent review papers made recommendations in 

an attempt to standardise reporting, however inconsistencies remain and most recommendations 

are yet to be fully adopted. Based on a subset of recent review papers (Table 1), nine different 

definitions for micro and nano-plastics were recommended (Frias and Nash, 2019; Gigault et al., 

2018; Hanvey et al., 2017; Hartmann et al., 2019; Mendoza et al., 2018; Provencher et al., 2017). Due 

in part to this uncertainty, ten different size classes were used for microplastics in subsequent 

scientific articles (Table 2). Overall, despite an abundance of review papers that have synthesised 

information and made recommendations for reporting, there is little evidence this is having a 

positive effect on standardizing how subsequent data are collected. Thus greater efforts are needed 

to improve communication within the plastic research community to reach a consensus on methods 

and categorisations, as this will ultimately impact the comparability of future research.    
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Table 1. Plastic size categorisations recommended by a random sample of plastic review papers, 
from 2017–2020. Variation is demonstrated within terminology, size ranges and unit measurements 
(e.g., nm, µm, mm, and cm).   

 

 

 

 

 

 
  

Terminology Size Source 

Megaplastic >100 mm Provencher et al. (2017) 

Macroplastic >1 cm Hartmann et al. (2019) 

2-10 cm Provencher et al. (2017) 

>20 cm Hanvey et al. (2017) 

Mesoplastic 5–20 cm Hanvey et al. (2017) 

5–20 mm Provencher et al. (2017) 

1–10 mm Hartmann et al. (2019) 

Microplastic 1–5 mm Provencher et al. (2017) 

1–1000 µm Hartmann et al. (2019) 

1 µm – 5 mm Frias and Nash (2019) 

Large microplastic 1–5 mm Hanvey et al. (2017) 

Small microplastic 1–1000 µm  Hanvey et al. (2017) 

25 µm – 1 mm Gigault et al. (2018) 

Nanoplastic 1–1000 nm Gigault et al. (2018); Hartmann et al. (2019) 

<1000 nm Hanvey et al. (2017) 

1–100 nm Mendoza et al. (2018) 
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Table 2. Plastic size categorisations used in a sample of research papers from 2017–2020.  

  

Terminology Size  Source 

Macroplastic >25 mm Egessa et al. (2020); Ghaffari et al. (2019); Imhof et al. (2017) 

Mesoplastic 5–25 mm Egessa et al. (2020); Ghaffari et al. (2019); Imhof et al. (2017); Lee et al. 

(2017) 

>4.75 mm Karthik et al. (2018) 

Microplastic <5 mm De Ruijter et al. (2019); Dobaradaran et al. (2018); Egessa et al. (2020) 

1–5 mm De-la-Torre et al. (2020); Delvalle de Borrero et al. (2020) 

0.5–5 mm Chubarenko et al. (2018); Chubarenko et al. (2020); Di and Wang (2018) 

0.33–5 mm Abidli et al. (2017); Lots et al. (2017) 

0.33–4.75 mm Karthik et al. (2018) 

Large microplastic 1–5 mm Ghaffari et al. (2019); Imhof et al. (2017); Quinn et al. (2017) 

2–5 mm Chubarenko et al. (2020) 

Small microplastic 0.5–2 mm Chubarenko et al. (2020) 

<1 mm Quinn et al. (2017) 

0.1–1000 µm Naji et al. (2019) 

Nanoplastic <1 µm Dong et al. (2019) 

<100 nm Strungaru et al. (2019) 
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Table 3. Henderson Island macro- and microplastic density (g/m2) records from 2015 (data adapted 
from Lavers and Bond (2017)) and 2019. Items per m2 and buried micro- and nanoplastics Pieces/kg 
dw) were included for 2019 only. Total refers to mean ± SD. Numbers marked with* are reported 
with standard error (SE). Nanoplastics are mean counts of three replicates per quadrat. 

 

 

  

  
Density (g/m2) Density (Items/m2) 

Density 
(pieces/kg 

dw) 

Sampling Dimensions Macro Large-
micro Macro Large-

micro 
Small-
micro Nano 

2015        

Transect 30 × 7 m 43.179 0.26     

Transect 30 × 7 m 414.561 0.202     

Transect 10 × 7 m 917.24 5.922     

Total  458.326 ± 
438.671 

2.128  
± 3.285 

    

2019        

Quadrat 0.5 × 0.5 m 44.398 12.891 271 1130 381 1467 ± 643 
Quadrat 0.5 × 0.5 m 117.362 12.711 309 1086 705 1667 ± 503 
Quadrat 0.5 × 0.5 m 207.063 32.81 494 2066 1713 1993 ± 115 
Quadrat 0.5 × 0.5 m 355.768 20.178 606 1887 2457 1400 ± 346 
Quadrat 0.5 × 0.5 m 129.292 38.365 611 2805 980 3333 ± 1973 
Transect 50 × 7 m 1,597.14      

Total  408.326  
± 591.864 

23.391  
± 11.700 

458.326  
± 161.073 

1794.800  
± 715.351 

1247.200  
± 836.101 

1960  
± 356* 
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Fig. 1. East Beach study site on Henderson Island, South Pacific (24.36°S, 128.30°W). Data from ESRI 
(2020). “World Imagery” (basemap). Scale: 1:100,000. November 20, 2020.  
(https://services.arcgisonline.com/ArcGIS/rest/services/World_Imagery/MapServer; accessed 04 
December 2020). 
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Fig. 2. A 1 m2 quadrat on East Beach, Henderson Island. (B) Sample of small microplastics from one 

quadrat within the 0.33–1 mm range (small microplastics categorised by width, not length). (C) 

Visual representation of the three plastic size categories used to compare with Cozar et al. (2014): 

macroplastic (>5 mm), large microplastic (1–5 mm) and small microplastic (0.33–1 mm).  
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Fig. 3. Percentage of plastic items per size class, collected on beaches of Henderson Island and 

pelagic surface waters of the South Pacific, as modelled by Cózar et al. (2014). Percentages rounded 

to the nearest whole figure.  
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