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Marine plastic pollution, particularly microplastics, has been recognised as a global issue in the recent years, but
research efforts in the Pacific are lagging. We carried out research on microplastics contamination of surface
waters of the Vava'u archipelago, Tonga. Since microplastics smaller than the standard mesh size (333-335 pm)
are readily reported in the literature on microplastics, we used a finer plankton net (100 pm) to determine the
proportion of captured microplastics smaller than 300 pm. Isolated microplastics were counted and measured
using stereomicroscope with polymer identification performed by FTIR spectroscopy. The analysis revealed high
microplastics concentrations (329,299.7 + 40,994.2 pes km ™2 or 1.05 + 0.13 pcs m™>). The proportion of
particles smaller than 300 pm was 40 %. The predominant type of microplastics in surface waters were small bits
of white film, which we associated with cement-filled white bags used to construct docks throughout Vava'u,

often heavily eroded.

1. Introduction

Small island developing states (SIDS) depend on the marine envi-
ronment in many ways and are highly susceptible to human impacts
such as climate change and marine pollution (Rawlins et al., 1998;
Sareer, 2017). Recognised as an environmental problem several decades
ago, marine plastic pollution continues to prompt questions about
human and environmental health as the annual global production and
consumption of plastics increases exponentially (PlasticsEurope, 2021).
In response, research on the levels and impacts of plastic pollution in
world's oceans has noticeably intensified in the recent years. However,
research effort in the South Pacific islands and Oceania seems to be
lagging and most likely due to lack of researchers and access to suitable
infrastructure. Quantification of microplastics by the most common
approaches requires specialist laboratory facilities, equipment and
chemicals, making it challenging for many SIDS.

Plastic debris and microplastics have been documented in the
digestive system of marine organisms, regularly consumed as seafood in
the Pacific, such as fish and shellfish (Van Cauwenberghe and Janssen,
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2014; Rochman, 2015; Forrest and Hindell, 2018; Markic et al., 2018;
Bakir et al., 2020; Alfaro-Ntnez et al., 2021). As a result, concerns are
rising about the indirect impacts of plastic pollution on human health
(Menéndez-Pedriza and Jaumot, 2020; Davison et al., 2021; Yee et al.,
2021). The SIDS of the South Pacific are located in the South Pacific
subtropical gyre, a region of converging surface currents, that traps
floating particles such as plastics (Eriksen et al., 2013; Cozar et al., 2014;
Lebreton et al., 2012), and will be accumulating this material for many
decades. Establishing a baseline measurement of plastic pollution in
these regions now is essential for understanding change and mitigation
needs in future.

As research on plastic pollution in the South Pacific islands, partic-
ularly on microplastics, is scarce, the primary aim of our study was to
carry out the first investigation of microplastic pollution in the Vava'u
archipelago, Tonga, to obtain baseline concentrations and to describe
the characteristics of the collected microplastics. A second aim was to
determine the proportion of surface water microplastics smaller than the
standard mesh size of common sampling nets.
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2. Methods
2.1. Sample collection

Plastic pollution assessment was carried out in the Vava'u archipel-
ago, Tonga (Fig. 1), from August to October 2017, onboard a 120-foot
vessel Infinity, on multiple sites within the archipelago. A research
permit was obtained from the Ministry of Education and Training of the
Kingdom of Tonga for the activity. Two types of assessment were done:
macroscopic, or in situ naked-eye quantification of debris larger than 1
mm, and microscopic, quantification of debris over 63 pm in field-
collected sea water and sediment samples using a dissecting micro-
scope. However, in this paper, we will present and discuss only the
methodology and results concerning microplastics in the surface waters.

To assess the quantities of floating plastic debris, we collected
volume-reduced samples of the surface water using a phytoplankton net
(0.8 m diameter mouth, 100 pm mesh size), by dragging the net next to
the dinghy (Fig. 2) along a 500 m transect at the speed of 2-3 knots. Each
transect covered a surface area of 400 m? or 0.0004 km?, occupying a
volume of 125,600 L or 125.6 m> of water. Since previous work found
19.1 % (67 out 351) of microplastics extracted from South Pacific fish
(Markic et al., 2018) is <300 pm, we used a 100-pm mesh. We aimed to
assess the proportion of surface plastics smaller than the standard mesh
size (~333 pm) of neuston nets commonly used for collecting surface
water microplastics (Cutroneo et al., 2020).

The direction of the boat was always perpendicular to the main
current to avoid sampling variable volumes of water with variable flow.
If there was wind, the net was always placed on the leeward side of the
boat. Only half of the net opening was immersed (Fig. 3), so the surface
of the water coincided with the net's diameter. After each tow, debris
that was left in the cod end was washed out into a freshly rinsed plastic
zip-lock bag using a squeeze bottle, transported to the main vessel and
frozen.

2.2. Sample processing and contamination control

At the onboard lab, the water samples were defrosted and vacuum
filtered over a stainless-steel filter (63 pm). The filter was then visually
analysed under a dissecting microscope. All particles resembling syn-
thetic materials (i.e. no cellular structure, uniform colour) were isolated,
separated by form (fibre, fragment, film), colour (all colours) and size
(<100 pm, 100-200 pm, 200-300 pm, 300-400 um, 400-500 um,
500-1000 pm, 1-2 mm, 2-5 mm, >5 mm), counted and stored into 2-mL
glass vials for further analysis (i.e. polymer characterisation). Various
verification methods were used during the microscopic identification to
confirm the synthetic polymer origin and to eliminate minerals, rocks,
shells, organic particles and other natural material. These methods
include the floating test, Nile red dying test and poking test. For the
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floating test, we used high density CaCly solution (p = 1.40-1.45 g
em %), a medium in which the most common plastic polymers float, but
minerals, rocks and shells sink. Nile red dyes organic matter in pink,
leaving plastic undyed. Poking a piece of plastic with a needle is more of
a sensory test and, unlike rocks and minerals, we feel that the plastic is
soft or rubbery when poked. To avoid air-borne contamination, all
samples were always covered with aluminium foil when not working
with them. Blank tests were used every few samples and were kept un-
covered only while processing a sample, which was very short. We did
not find any microplastic contamination on them.

2.3. Polymer characterisation — chemical analysis of retrieved plastics

Fourier transform infrared (FTIR) spectroscopy was used for polymer
identification. The analysis was done in collaboration with Scion (New
Zealand Crown Research Institute). FTIR spectra were obtained for a
random subset of 37 surface water microplastic particles. Before anal-
ysis, all samples were dried at 70 °C for 4 h. Larger microplastics (>300
pm) were analysed using a Bruker Tensor 27 Instrument with a diamond
attenuated total reflectance (ATR) cell acquiring 32 background and
sample scans from 725 to 4000 cm ' at 4 cm™! resolution. Smaller
microplastics (<300 pm) were analysed using a Bruker Tensor 27 In-
strument connected to a Bruker IRScope II equipped with a mercury
cadmium telluride (MCT) detector. Samples were placed in a diamond
compression cell and analysed in transmission with 32 background and
samples scans from 725 to 4000 cm ™! at 4 cm ™ resolution. All spectra
were baseline corrected using Bruker OPUS 7.2 software.

Following a workflow adapted from Kroon et al. (2018), spectra were
searched against a selection of Bio-Rad FTIR spectral databases using an
Euclidean distance algorithm with Bio-Rad KnowItAll® software. The
databases included the following polymer types and naturally occurring
materials: polyethylene (PE), polypropylene (PP), polyvinyl chloride
(PVC), polystyrene (PS), polyester (PES); nylon (PA), ethylene vinyl
acetate (EVA), polyurethane (PUR), styrene acrylonitrile copolymer
(SAN), rubber (RUB), rayon (RAY), acrylics (ACRY), chitin, keratin,
quartz, calcium carbonate, calcium phosphate, hydroxyapatite, and
magnesium silicate. A percent match between the sample spectra and
database reference spectra were obtained to establish the material type.
A match of hit quality index (HQI) > 70 % was classified as positive
identification, HQI = 60-70 % required user interpretation and HQI <
60 % was classified as inconclusive.

2.4. Data analysis

The data were presented in several different measurement units to
provide information comparable to a wider range of studies, and they
included the number of items or particles per area and per volume.
Pieces (pcs) and particles are used interchangeably, as they indicate the
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Fig. 1. Study location showing Vava'u archipelago, Tonga, and its position in the South Pacific.
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Fig. 2. Surface water sampling using a phytoplankton net dragged on the side of the dinghy.

Fig. 3. The phytoplankton net position in the water during sampling.

count or the number of micro-debris plastic items. The variability of data
was presented with standard errors (SE), and to express the measure of
central tendency we used arithmetic mean (X). The most common
measurement units are used in the main text, graphs, images and tables,
while the less common units are provided only in the tables, excluding
the discussion where the less common units were used for comparison
with other studies. In some studies, the mass of debris is also reported
but we did not have the opportunity to record mass for each debris item
or microscopic particle. Additionally, since the FTIR analysis showed a
misidentification error of 2.7 % of the analysed particles, for a more
accurate and conservative result, we adjusted the number of particles in
the concentration calculation for this error.

To express the precision of estimated plastics concentrations, we
provided 95 % confidence intervals following the formula provided by
Milton (1999):

SD

Cl=X*+z —
VN

where Cl is confidence interval, X is arithmetic mean, z is the standard z-
score extracted from the z-table for standard normal probabilities (for

95 % confidence level z = 1.96), SD is standard deviation and N is the
sample size (i.e. the number of measurements or data points).

The concentrations of microplastics were presented on a bubble map
made in an online mapping software Maply, that is partially free of
charge (previous Geolytics, currently https://maply.com/).

3. Results
3.1. Quantitative assessment of surface water microplastics

The concentration of microplastics in the surface waters was assessed
on 32 trawl transects. We did not encounter problems with clogging of
the net by plankton and other organic material, and generally, there was
very little organic content in the samples. Microplastic debris was found
in all surface trawls with the average of 132 particles per trawl. The
estimated average concentration across the 32 transects is 329,299.7 +
40,994.2 pcs km_z, or 1.05 £ 0.13 pcs m 3 (Table 1), with a maximum
of 975,432.5 pcs km ™2 southeast from Neiafu, the largest village in the
archipelago (Fig. 4).


https://maply.com/

A. Markic et al.

Table 1
Quantification of microplastics in the surface waters of Vava'u (SE — standard
error, pcs — pieces or particles, LL — lower limit, UL — upper limit).

Number of samples (trawls) 32

Sample area (m?) 400

Sample area (km?) 0.0004
Sample volume (L = dm®) 125,600
Sample volume (m®) 125.6

Total number of particles before FTIR 4332

Total number of particles with 2.7 % error applied 4215
Average number of particles per trawl 132

Average concentration (pcs m ™2 + SE) 0.33 + 0.04"
Minimum concentration (pcs m’z) 0.01
Maximum concentration (pcs m~2) 0.98

95 % confidence intervals (LL, UL) 0.25, 0.41
Average concentration (pcs km~2 + SE) 329,299.7 + 40,994.2
Minimum concentration (pcs km~2) 12,162.5
Maximum concentration (pcs km™2) 975,432.5

95 % confidence intervals (LL, UL)
Average concentration (pes L~! + SE)

248,951.1, 409,648.3
0.001 + 0.0001

Minimum concentration (pes L) 0.00004
Maximum concentration (pcs L’l) 0.003

95 % confidence intervals (LL, UL) 0.0008, 0.0013
Average concentration (pcs m~> + SE) 1.05 + 0.13
Minimum concentration (pcs m’3) 0.04
Maximum concentration (pcs m’3) 3.11

95 % confidence intervals (LL, UL) 0.79, 1.30

@ Bold values are the average microplastics concentration in four different
units.

3.2. Qualitative assessment of surface water microplastics

Size distribution — The size of the microplastics from the surface wa-
ters was measured using 783 particles from six randomly chosen
samples. These six trawls were spread out in the Vava'u archipelago,
covering all sampled areas of the archipelago. Particles smaller than
300 pm were the most prevalent (40 %) (Fig. 5a).

Form — The form of the microplastic particles was determined for all
collected particles. Surface waters in Vava'u are mainly

. 1,000,000 pcs km2
. 750,000 pcs km2
' 500,000 pcs km2

@ 250,000 pcs km2

b
Yy,
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contaminated by small bits of film (Fig. 5b), similar in appearance to
a shredded plastic bag, followed by synthetic fibres.

Colour composition — The colour of the microplastic particles was
determined for all collected particles. The shredded fragments of
plastic film were mainly white (Figs. 6a, 7), resulting in over 60 % of
surface microplastics being white (Fig. 6b).

Polymer characterisation - FTIR analysis was performed on 37 random
surface water particles to validate the visual identification of
microplastics and to determine the common polymer types. Out of
these 37 particles, only one particle of CaCO3 was misidentified.
Another six particles had a poor quality spectra and one was incon-
clusive (where the percent match with database spectra was <60 %).
Poor quality spectra could be a result of material degradation,
biofouling, or very small particle size leading to weak signal in-
tensity. Microplastic abundance results were adjusted based on a
misidentification rate of 1 out of 37 (2.7 %), but not for particles with
poor or inconclusive spectra, for which visual identification was
given precedence. The most common polymer types identified in the
subset of samples was PES, PP and PE (Fig. 8a). Examples of FTIR
spectra for PP and PES are shown on Fig. 9. Positively and negatively
buoyant plastics were found in similar proportions (Fig. 8b).

4. Discussion
4.1. Quantitative comparison to other regional studies

The average concentration of microplastics in the surface waters of
Vava'u expressed as the number of particles in surface area (329,299.7
+ 40,994.2 pes km™2) is greater than the concentrations reported in
most other studies from the South Pacific region (Table 2). In fact,
Vava'u concentrations are comparable to those obtained in the North
Pacific subtropical gyre in 1999 (334,271 pcs km_z), also known as the
‘garbage patch’ (Moore et al., 2001). Subtropical gyres are oceanic
accumulation zones containing exceptionally high concentrations of
plastic debris. Eriksen et al. (2013) sampled the surface waters of the
South Pacific subtropical gyre and found on average 26,898 particles
km ™2 and a maximum of 396,342 particles km 2, while the maximum
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Fig. 4. Concentrations of microplastics in the surface waters of Vava'u archipelago (pcs — pieces of microplastics).
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Fig. 7. Microplastics from Vava'u surface waters, near Neiafu (left) — 179 pieces extracted from one sample 1 transect, 125 m? of water (station Mt. Talau, co-
ordinates: S 18°38.578' W 174°00.404’). The image on the right shows white bits of plastic film or bag, the most common type of microplastic extracted from the

surface water.

concentration in Vava'u reached 975,432.5 particles km 2. Low micro-
plastics concentrations were reported in the western South Pacific,
reaching a maximum of 23,611 particles km~2 between the east coast of
Australia and the islands of Fiji (Reisser et al., 2013). Bakir et al. (2020)

reported, on average, microplastics concentrations of 51,144 pcs km ™2

in Vanuatu.

Some Pacific studies report microplastics concentrations greater than
the ones found in Vava'u. For example, Rudduck et al. (2017) reported
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Table 2

Studies on microplastics in surface waters conducted in the South Pacific region, including islands and the continental coasts (n/a — information not available, LSL —

lower size limit; pcs — particles or pieces; S — surface, V — vertical).

Locations Year Survey Methods LSL (pm) Units Debris quantity Reference
type
Viti Levu, Fiji 2018 Quantity Niskin bottle, 1 L samples 0.45 pes L7t 1-2.9 Dehm et al., 2020
Vanuatu 2018 Quantity Manta trawl (5 Gyres) 335 pes km ™2 51,144 Bakir et al., 2020
Galapagos Islands, East Pacific 2018 Quantity Surface trawls, net 150 pp m 3 (i.e. pcs 0.22-0.36 Alfaro-Nunez et al.,
m~3) 2021
Tuamotu Archipelago, French 2017-18 Quantity Surface samples and vertical 335 & 40 pes m~3 3.3 (0.2-8.4) (S) Gardon et al., 2021
Polynesia samples, net 14-716.2 (V)
Vava'u, Tonga 2017 Quantity Surface trawls, net 100 pes km ™2 329,299.7 + This study
m 2 m3L! 40,994.2
pes km™2
Viti Levu, Fiji 2016-18 Quantity Surface trawls, net 125 pes m~3 0.09-0.24 Ferreira et al., 2020
French Polynesia, Moorea 2016 Quantity Surface trawls, net 500 pes m—2 0.74 Connors, 2017
Southeast Pacific 2015 Quantity Surface trawls, net 333 pes km ™2 ~10,000 Eriksen et al., 2018
Australia, Tasmania 2013-14  Trends Surface trawls, net 333 pes km 2 10,720 (2013) Rudduck et al., 2017
571,932 (2014)

Australia, all around n/a Quantity Surface trawls, net 333-335 pes km 2 4256.4 Reisser et al., 2013
Southeast Pacific 2011 Quantity Surface trawls 333 pes km ™2 26,898 Eriksen et al., 2013
Ross Sea, Antarctica 2010 Quantity Pump 1 pesm~3 0.17 £ 0.34 Cincinelli et al.,

2017
New Zealand, Hauraki Gulf 2008 Quantity Surface trawls, net 250 pes trawl ! 2317-16,626 Young and Adams,

2010
Pacific, Western Pacific (North 2000-01 Quantity Surface trawls, net 1000- ~263.5 (S Pacific Uchida et al., 2016

& South) 1640 trawls)

New Zealand & Southern Ocean  n/a Quantity Surface trawls, net n/a n/a n/a Gregory, 1987

great concentrations in Tasmanian waters, with a maximum average of
571,931.8 particles km™2 in the harbour sites in 2014, and a maximum
as high as 2,258,665 pieces km 2 per single trawl. The authors also
found substantial temporal (inter-annual) and spatial variations
(harbour vs. offshore) in surface microplastics concentrations with low
average concentrations in the same harbour in 2013 (10,719.6 pieces

km_z). Connors (2017) found microplastics concentration in Moorea,
French Polynesia (0.74 pcs m™2 or 740,000 pcs km™2), double than that
of Vava'u. However, the author collected samples in shallow intertidal
waters of a public beach and estimated the concentrations based on six
3-m trawls which yielded 4 plastic particles in total. This estimate does
not deem statistically sound or representative of surface microplastics
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concentrations in the waters of Moorea.

With respect to concentrations expressed as the number of particles
per volume of water (m 2 or L’l), Dehm et al. (2020) reported greater
concentrations in Fiji (Table 2). However, the methodology used in their
study was different to ours, as we used volume-reduced samples, while
Dehm et al. collected bulk samples (1 L samples) in the coastal waters
shallower than 1 m, which makes our results difficult to compare.
Interestingly, one would expect bulk samples to be quite ineffective (e.g.
Tamminga et al., 2018), yet the authors reported more than one particle
per litre. Furthermore, Alfaro-Ntnez et al. (2021) and Ferreira et al.
(2020) reported concentrations in Galapagos Islands and Fiji, respec-
tively, lower than ours in Vava'u, using a similar methodology
(including the net mesh size, 150 and 125 pm), while Gardon et al.
(2021) report greater concentrations in Tuamotu Archipelago, particu-
larly in the water column (Table 2).

4.2. Microplastics size and methodological variations

Size distribution of the surface water microplastics in Vava'u showed
that as much as 40 % of all surface microplastic particles were smaller
than 300 pm (Fig. 5). The most common sampling nets used to collect
surface water microplastics are the standard 330, 333 and 335-pm nets
(Prata et al., 2019; Stock et al., 2019; Cutroneo et al., 2020). Accord-
ingly, most studies that used these mesh sizes reported concentrations
based on microplastics larger than 300 pm (Table 3). If we exclude 40 %
of particles from the total of surface microplastics, average surface
concentrations in Vava'u decrease from 329,299.7 to 197,579.8 pcs
km™2. However, even these decreased concentrations are greater than
concentrations in many studies from Table 2.

To examine the effect of different mesh sizes on microplastics con-
centrations, Lindeque et al. (2020) verified that, as expected, the smaller
the mesh size of the sampling nets, the greater the resultant concen-
tration. In their study, microplastics concentrations obtained with 100-
pm mesh were 2.5-fold and 10-fold greater than concentrations obtained
with 333 and 500-pm mesh, respectively. Similar findings were obtained
in other studies (e.g. Frias et al., 2014; Gardon et al., 2021). Gardon et al.
(2021) reported much lower microplastics concentrations in the surface
waters (0.2-8.4 pcs m™°) using a 335-pm mesh, than in the water col-
umn (14-716.2 pcs m™) using a 40-pm mesh. However, in contrast,
Schmidt et al. (2018) assessed microplastic concentrations using nets
with two mesh sizes — 330 pm and 780 pm, with subsequent filtration of
the samples with 125-pm mesh filters and found no particles smaller
than 400 pm, and no difference in size distribution of microplastics
collected with the two different nets, which presumably means the mesh
size did not affect the quantities either.

The difference in microplastics concentration between different
methods can range across several orders of magnitude. Apart from
neuston nets being used to collect surface water samples, other sampling
techniques have been reported as well, for example the intake pump
system of the vessel (e.g. Desforges et al., 2014; Lusher et al., 2015;
Cincinelli et al., 2017; Cai et al., 2018) and other types of pumps (Zhao
et al., 2014; Preston-Whyte et al., 2021), or bulk water samples (Song
et al., 2014; Karlsson et al., 2017). The pumps allow the use of filters
with particularly small mesh size, some as small as 1 pm (e.g. Cincinelli
et al., 2017), which is probably why some of these studies reported
exceptionally high concentrations. When the efficacy of the pump sys-
tem is compared to the standard nets, the concentrations obtained with
pumps are much greater (e.g. Zhao et al., 2014; Lusher et al., 2015; Cai
et al., 2018). For example, Cai et al. (2018) recorded concentrations in
South China Sea almost 60,000 times greater with a pump system (44-
pm mesh, 2569 particles m~%) than the standard net (333-pm mesh,
0.045 particles m~>). The authors also found that 92 % of microplastics
they collected were smaller than 300 pm. Lusher et al. (2015) reported
average concentrations of 2.7 particles m~> in the Arctic waters using
the pump system, and only 0.34 particles m~> when using the nets.
Authors generally suggest that the pump method is considerably more
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Table 3

A list of studies on surface microplastics in which various mesh-size nets and
pumps were used for sampling. ‘Trawl net’ here refers to various sampling nets
that are dragged on the surface or subsurface to collect samples (e.g. neuston net,
manta net, plankton net, bongo net).

Mesh size Minimum reported Method Reference
(pm) particle size (pm)
1 60 Pump Cincinelli et al., 2017
50 n/a Hand net Connors, 2017
62.5 62 Pump Desforges et al., 2014
80 80 Small net Nel and Froneman,
2015
100 63 Trawl net This study
180, 280, n/a Trawl net Frias et al., 2014
335
200 200 Trawl net Cozar et al., 2015
200 200 Trawl net Panti et al., 2015
300 250 Trawl net Naidoo et al., 2015
300 n/a Trawl net Ivar do Sul et al.,
2013, 2014
300 300 Trawl net Faure et al., 2015
300 100 Trawl net Gallagher et al., 2016
300 n/a Trawl net Lima et al., 2014
330 n/a Trawl net Carpenter and Smith,
1972
330 <1000 Trawl net Li et al., 2021
32, 333 500 Pump, trawl Zhao et al., 2014
net
44, 333 20, 333 Pump, trawl Cai et al., 2018
net
50, 333 n/a Hand net, Song et al., 2014
trawl net
250, 333 250 Pump, trawl Lusher et al., 2014,
net 2015
333 <333 Trawl net Zhang et al., 2020
333 400 Trawl net Reisser et al., 2013
333 355 Trawl net Eriksen et al., 2013
333 330 Trawl net Rudduck et al., 2017
333 355 Trawl net Maes et al., 2017
333 300 Trawl net Zhang et al., 2017
333 355 Trawl net Moore et al., 2001,
2002
333 330 Trawl net Kang et al., 2015
333 100 Trawl net Carpenter et al., 1972
333 333 Trawl net Collignon et al., 2012
335 290 Trawl net Gewert et al., 2017
335 410 Trawl net Morét-Ferguson
et al., 2010
335 n/a Trawl net Bakir et al., 2020
350 350 Trawl net Isobe et al., 2015
350 355 Trawl net Sagawa et al., 2018
350 200 Trawl net Isobe et al., 2017
100, 333, 5 Trawl net Lindeque et al., 2020
500
330, 780 400 Trawl net Schmidt et al., 2018
900 n/a Trawl net Ryan, 1988
947 200 Trawl net Colton et al., 1974
effective.

Furthermore, some studies used nets of the standard mesh size, but
reported microplastics sizes lower than 300 pm (e.g. Lusher et al., 2015;
Naidoo et al., 2015; Isobe et al., 2017). In our study, we filtered surface
water samples through a 63-pm filter and also recovered particles
smaller than the mesh (100 pm) of the sampling net. In facts, as much as
25 % of the measured surface microplastics were smaller than 100 pm,
which suggests that some smaller particles do not pass through the net,
but either adhere to the inside of the cod end or the netting itself and
remain in the sample.

Although the comparative studies clearly showed that surface
trawling with standard mesh size greatly underestimates the concen-
tration of microplastics in the surface waters, it is still the most widely
used method and is largely standardised. It can be used to detect patterns
and trends, because a consistent method allows the results to be
compared. Even the oldest studies of surface microplastics (e.g.
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Carpenter et al., 1972) used the standard surface nets and reported re-
sults in measurement units comparable to current reports. However, if
the aim of the study is to determine the concentrations of microplastics
as accurately as possible, Tamminga et al. (2019) suggest a combination
of a fine-mesh pump and a standard surface trawling net. The authors
found that these two methods, in fact, complement each other, as the
large microplastics are mainly collected with a surface net, while the
smaller microplastics are more effectively captured by a pump (Fig. 10).

4.3. Microplastics form, colour and polymer types

Surface waters of Vava'u archipelago are predominantly contami-
nated with small bits of white shredded film (Fig. 7), which we assume
originate from the same source. We noticed that some docks in Vava'u
are built with white cement bags, or similar heavy-duty big white bags,
which are filled with concrete and used as ‘bricks’ or building blocks.
When we examined one of these docks closely, we found the white bags
are completely eroded in many areas exposing the cement. The white
material likely disintegrates into microplastics from a combination of
photodegradation, wave abrasion and bioerosion by crustaceans, mol-
lusks and other grazing and boring marine organisms. We do not have a
definite proof that the ‘plastic’ docks are the source of these micro-
plastics, since we were unable to collect the plastic from the docks to
compare it to the white bits from our samples, but it is highly likely. A
final examination and confirmation are planned for future work.

Bioerosion and biomechanical degradation of plastic in the marine
environment have been reported in several experimental and field
studies and are an important, but often overlooked, source of micro-
plastics. More than 40 years ago, Holmstrom (1975) described ‘eating
traces’ on polyethylene sheets (irregularly shaped holes on the material)
collected from 180 to 400 m deep seafloor. The author suggested the
marks most likely belong to grazing mollusks, as the sheets were covered
in bryozoans and algae, which is also a reasonable explanation as to why
the positively buoyant plastic sank. The formation of microplastics by
other animals has also been documented; more specifically, by boring
crustaceans (Davidson, 2012), fish (Carson, 2013), amphipods (Hodgson
et al., 2018) and polychaetes (Jang et al., 2018).

White colour is seldom reported as the most common colour of sur-
face water microplastics in the South Pacific (Young and Adams, 2010;
Reisser et al., 2013; Rudduck et al., 2017). The film type of microplastics
has not been documented in such prevalence in the South Pacific waters
either. Instead, more commonly found are fragments, or broken pieces of
hard plastic (Eriksen et al., 2013; Reisser et al., 2013; Rudduck et al.,
2017). The pervasiveness of white shredded film in the surface waters is
most probably specific to Tonga, but possibly in other areas as well
where the plastics, which are not designed for marine environments, are
used as construction material in or near the marine environment.
Additionally, water exchange in the Vava'u archipelago with the
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surrounding ocean is limited, causing the white microplastic bits to
accumulate in the surface waters within the archipelago.

Our polymer analysis was done on a random and small subset of
surface microplastics to provide an indication of the most common
polymers and does not represent the overall composition of all micro-
plastics found. Of the particles analysed, only one was misidentified,
indicating highly accurate visual identification of plastic particles. The
most common polymer types found were PES, PP and PE. Only two
white bits of film were analysed by FTIR spectroscopy and they were PP
and PU. The Studies in the Pacific region reported PE (Reisser et al.,
2013; Rudduck et al., 2017; Bakir et al., 2020; Dehm et al., 2020; Gardon
et al., 2021), PP (Reisser et al., 2013; Rudduck et al., 2017; Bakir et al.,
2020; Dehm et al., 2020), PS (Rudduck et al., 2017; Bakir et al., 2020)
and PET (Dehm et al., 2020) as the most common polymer types. Apart
from PES fibres, PE and PP polymers were also more numerous than
others (Fig. 8).

5. Conclusion

The concentration of microplastics in the surface waters of the
Vava'u archipelago obtained in our study is high, considering the remote
location and the low population nearby. We assume that the most likely
reason for this is the mesh size of the sampling nets, which was 200 pm
smaller than the standard mesh size (333 pm) commonly used in surface
water microplastics research. We would recommend a combination of
sampling nets and pumps for a more accurate result.
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Fig. 10. Compatibility of two methods for sampling floating microplastics, pump system on the left and manta trawl on the right.
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