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ABSTRACT ARTICLE HISTORY

Microplastics are persistent environmental contaminants found in Received 25 July 2015

marine environments worldwide. Microplastic particles isolated Accepted 21 November 2015

from coastlines in the Canterbury region of New Zealand were

quantified and characterised. Sediment samples were collected C o -
. . . anterbury; marine debris;

from 10 Ioc.atlons repr.esentlng exposed-beach, estuarlne.and microbead: microplastics;

harbour environments in both urban and non-urban settings. New Zealand; Raman

Particles were isolated from sediments using an NaCl density-

separation procedure and quantified and characterised with a

combination of optical/fluorescence imaging and micro-Raman

spectroscopy. Microplastics were detected at eight out of 10

locations, at concentrations ranging from 0-45.4 particles kg™ of

dry sediment. The majority of microplastics were identified as

polystyrene (55%), polyethylene (21%) and polypropylene (11%).

Microplastic concentrations in exposed-beach environments were

significantly greater than in harbour and estuarine environments.

KEYWORDS

Introduction

Numerous studies over the past decade have shown that microplastics are distributed
widely in the marine environment, accumulating in oceans, coastlines and freshwater
environments around the world (Ivar do Sul & Costa 2014). Microplastics are defined
by the US National Oceanic and Atmospheric Administration as plastic particles less
than 5 mm in size (Arthur et al. 2009).

Microplastics may be preformed or derived from the degradation of larger macroplastic
debris. Pre-manufactured microplastics or ‘primary microplastics’ include virgin plastic
pellets, microbeads used in cosmetic products, and synthetic abrasives used in industrial
cleaning applications (Fendall & Sewell 2009; Andrady 2011). Secondary microplastics are
formed by physical, chemical or biological degradation of larger plastic debris (Cole et al.
2011). Degradation of plastic in the marine environment is primarily initiated by exposure
to ultraviolet (UV) radiation from sunlight (Andrady 2011). The degradation process is
exacerbated by physical abrasions with sediments and the hydrolytic properties of sea-
water (Moore 2008). Another common type of secondary microplastics comprises small
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fibres derived from washing synthetic clothing that are not removed during wastewater
treatment processes (Browne et al. 2011).

Microplastics can passively travel vast distances in the marine environment (Ryan et al.
2009). Their distribution is influenced by the plastic’s ability to float, suspend or sink. This
is largely determined by the density of the polymer. The fouling of plastics by microorgan-
isms can cause particles to sink that would otherwise remain afloat (Andrady 2011). Once
plastics have entered the marine environment, wind direction and currents subsequently
influence their distribution. Onshore winds tend to force plastics back on to coastlines,
whereas offshore winds push plastics into ocean current systems (Moore 2008). The
resulting spatial and temporal variability in microplastic abundance is extremely difficult
to predict.

Microplastics are available for uptake by a variety of marine animals across trophic
levels (Browne et al. 2013; Rochman et al. 2013; Wright et al. 2013). Organisms that
ingest microplastics may not obtain the required nutrition for activity and growth. Inges-
tion may also result in internal abrasions, false perceptions of satiation, occlusion of diges-
tive processes and possible starvation (Moore 2008; Wright et al. 2013). Additionally, there
are concerns that microplastics may act as a source of chemical contaminants. Plastics are
typically produced from a range of toxic petroleum-based materials and additives (Lithner
et al. 2011). As complete polymerisation is rarely achieved during the manufacturing
process, unreacted monomers and chemical additives may leach from the material
(Andrady 2011). Bisphenol A (BPA) and alkylphenol additives can have oestrogenic
effects, while phthalate plasticisers have been associated with reduced testosterone pro-
duction in exposed animals (Teuten et al. 2009).

Microplastics can also sorb and concentrate a range of organic contaminants from the
water column including polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs) and organochlorine pesticides such as DDT (Teuten et al. 2009).
There is growing evidence to suggest that particles may act as a vector to transfer
sorbed contaminants to marine species upon ingestion (Wright et al. 2013). Fish
exposed to environmentally relevant concentrations of marine microplastics have been
found to bioaccumulate contaminants (Rochman et al. 2013). Humans consuming
edible species may also be unwittingly ingesting these contaminants, as bivalves (Van Cau-
wenberghe et al. 2015) and fish (Lusher et al. 2013) have been found to contain microplas-
tics in environmental settings.

To date, the majority of microplastics research has been conducted on coastlines in the
Northern Hemisphere and within the great oceanic gyres (Ivar do Sul & Costa 2014). The
number of studies conducted in Australasia and other regions in proximity to New
Zealand is currently limited. Microplastic concentrations in Chilean and Australian coast-
lines have been reported to range from 11-30 particles 250 mL™" sediment with greater
concentrations reported in densely populated locations (Browne et al. 2011). A subsequent
volunteer survey conducted on the continental coastlines of Chile reported an average
microplastic abundance of 27 particles m ™2 across 39 sites (Hidalgo-Ruz & Thiel 2013).

This is the first study to quantify and characterise primary and secondary microplastic
pollution on New Zealand’s coastlines. The Canterbury region provides an excellent study
area to investigate microplastic pollution in New Zealand as it contains the nation’s second
largest city and has a diverse variety of coastal environments located in close proximity.
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Materials and methods
Sample collection

Sediment samples were collected on 9 and 19 September and 1 October 2013 from 10
coastal locations in the greater Canterbury region representing exposed-beach, estuarine
and harbour environments in both urban and non-urban settings (Figure 1). Samples
were collected at each site by visually locating the most prominent strandline, character-
ised as the region with the greatest accumulation of washed-up debris. Three replicate
samples were collected 50 m apart. A 0.25 m quadrat was placed at the centre of this
zone and the first 2 cm layer of sediment was collected into glass jars. Large debris was
removed with a 5.6 mm sieve. At Governors Bay, samples were collected at 20 m intervals
due to the length of the beach. Samples were returned to the laboratory and dried at 70 °C.
Non-synthetic clothing was worn during sample collection and analysis.

Isolation and identification of microplastics

A density separation method was adapted from techniques developed by Thompson et al.
(2004), Claessens et al. (2011) and Vianello et al. (2013). For each sample, 500 mL of satu-
rated NaCl solution was added to 200 g of homogenised sediment in a 1 L flask and manu-
ally shaken for 30 s before settling for at least 24 h before the supernatant was removed by
suction. The separation process was then repeated with fresh NaCl solution, solutions
combined and filtered through a 32 um sieve, the lower size limit for microplastics in
this study. Isolated particles were recovered on 47 mm glass microfibre filters
(Whatman GF/C), transferred to Petri dishes and dried at 70 °C before microscopic
analysis.

Figure 1. Sampling locations. A, Canterbury region shaded in black. Sample site 1 = Amberley beach;
B, Banks Peninsula area. 2 = Akaroa; C, Christchurch City and Lyttelton Harbour. Urban areas coloured
in black. Non-urban areas coloured in grey. Marine/estuarine environments coloured in white. 3 = New
Brighton; 4 = South New Brighton; 5 = South Shore; 6 = Clifton; 7 = Estuary at Avon River mouth; 8 =
Estuary at Heathcote River mouth; 9 = Corsair Bay; 10 = Governors Bay.
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The efficiency of the density separation method was determined with the addition of
reference plastic materials to sediment samples. A sample was spiked with 20 polyethy-
lene microbeads (0.5 mm), five polyethylene pellets (4 mm) and five polycarbonate
pellets (4 mm). Twenty-nine of 30 (97%) microplastic beads and pellets were recovered.
Blank controls without sediment addition were used to measure possible contamination
during experimental procedures. Small numbers of synthetic fibres were observed in a
number of control and sediment samples indicating some contamination during the
analytical procedure. This issue has been highlighted in other microplastic studies
(Fries et al. 2013; Nuelle et al. 2014). Synthetic fibres were excluded from quantification
for the purposes of this study. No contamination of other microplastics was detected.

Dried filter papers and associated isolated material were examined with the use of a
Leica. MZI10F fluorescence-coupled microscope. Filter papers were examined with
8-80 x magnification in non-fluorescent mode to locate potential microplastics. The
use of the UV filter (excitation filter 360/40 nm, barrier 420 nm) was also used to locate
small potential microplastics containing fluorophores. Quantities of potential microplas-
tics were counted and characterised as fragments, microbeads or pellets. Particles were also
measured using Leica Application Suite software and grouped into the size categories:
<1lmm; 1-2 mm; or 2-5 mm size groups. The colour of particles was also noted.

The chemical composition of identified potential microplastics was determined with
micro-Raman spectroscopy. The following parameters were used: laser wavelength A=
785 nm; 50 pm aperture; 10-20-fold magnification objective; 10-100 mW power; and
spectra obtained in the range of 90-3200 cm™" (Stokes shift). Reference spectra were
obtained from verified samples of acrylonitrile butadiene styrene (ABS), low-density poly-
ethylene (LDPE), high-density polyethylene (HDPE), polyethylene terephthalate (PET),
polyvinyl chloride (PVC), polypropylene (PP), polystyrene (PS), polycarbonate (PC),
polyurethane (PUR) and polyamide (PA). Particles of interest were located with the
microscope and spectra obtained from surfaces unobscured by biofouling or organic
debris. Molecular fingerprints of spectra captured were compared against reference poly-
mers using Opus 6.5 software. A process of elimination was used in order to rule out poss-
ible polymers until a match was identified if possible. A number of suspected plastic
particles could not be matched against reference spectra and were labelled as ‘suspected
microplastics’ if the colour, shape and characteristic synthetic Raman peaks of particles
were consistent with a plastic material. Microplastics were grouped into four categories:
polyethylene (PE); polypropylene (PP); polystyrene (PS); and ‘suspected microplastics’.

Data analysis

The mean concentrations of particles by weight (particles kg~ dry sediment) and area
(particles m™?) were calculated. Non-parametric statistical tests (Kruskal-Wallis and
Mann-Whitney U) were used to compare microplastic concentration abundances in
exposed-beach, harbour and estuarine environments.

Results

The density separation procedure used in this study was validated by the high recovery
rate (97%) of microplastics from spiked sediment samples. A total of 127 suspected
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microplastic particles were identified in samples using optical/fluorescence microscopy.
Seventy-three of 127 (57.5%) isolated particles were confirmed to be microplastics with
micro-Raman spectroscopy. Concentrations of confirmed microplastics ranged from
0-45.4 microplastics kg~ dry sediment (Table 1). The highest concentration of 45.4
microplastics kg™ dry sediment was measured at South Shore, an exposed-beach site in
close proximity to Christchurch city.

The highest mean concentration of 21.2 + 16.5 microplastics kg~' was calculated for
exposed-beach environments. Lower concentrations of 3.9 + 3.5 and 1.7 + 2.4 microplas-
tics kg~' were detected in harbour and estuarine environments, respectively. The concen-
trations of microplastic particles measured in exposed-beach, estuarine and harbour
sediments were significantly different (P=0.014). The mean concentrations measured
in exposed-beach sediments were significantly different from harbour (P=0.019) and
estuarine (P =0.025) environments.

The composition of the microplastics was identified by Raman spectroscopy. Examples
of microplastics which share spectral features with polyethylene, polystyrene and polypro-
pylene are shown in Figure 2. Of the 73 particles positively identified as microplastics,
54.8% were polystyrene. Polyethylene, polypropylene and suspected microplastics
accounted for 20.5%, 11.0% and 13.7%, respectively. Many of the microplastics showed
distinct signs of degradation and weathering. Fragments accounted for 86.3% of all micro-
plastics. The remainder of the microplastics consisted mainly of pellets (11.0%). Two par-
ticles were classified as suspected microbeads (Figure 3). Fragments and microbeads were
isolated only from exposed-beach sites.

Table 1. Microplastic concentrations in Canterbury’s coastal environments. Results are reported as the
mean microplastic concentration (+ standard deviation), maximum concentration, site mean and
microplastic concentration m~2 for each sample location.

Mean microplastic Maximum

Sample Substrate concentration kg™'  concentration kg™’ Microplastics
location Site type type dry sediment dry sediment Site mean m~2
Amberley Exposed Course sand 33+29 5.0 21.2+£165 177 £153
Beach beach + pebbles
New Medium 33.1£115 40.3 1748 = 609
Brighton sand
South New Medium 29.4+13.2 40.1 1552 £ 695
Brighton sand
South Shore Fine sand 36.6+ 143 454 1933 £ 757
Clifton Beach Fine sand 33+29 5.0 175+ 151
Governors Harbour Course sand Not detected Not detected 39+£35 Not detected
Bay + pebbles
Corsair Bay Course sand 5+0.0 5.0 265+3

+ shells
Akaroa Fine sand 6.7+7.7 15.1 353 £407
Harbour
Avon River Estuarine  Very fine Not detected Not detected 1.7+£24 Not detected
mouth sediment
Heathcote Medium 34+£29 5.1 178 + 154
River mouth sediment +

rocks
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Figure 2. Raman spectra collected for A, polyethylene; B, polystyrene; and C, polypropylene. Reference
material is shown in black. Raman spectra obtained from microplastics isolated from South New
Brighton (A, B) and Corsair Bay (C).

The majority (58.9%) of microplastics were 2-5 mm in diameter; 24.7% were 1-2 mm
and 16.4% were <1 mm in size. White microplastic accounted for 67.1% of confirmed
microplastics. The remaining microplastics were clear (9.6%), blue (8.2%), red (5.5%),
green (5.5%), yellow/orange (2.7%) and brown (1.4%).

Discussion

Microplastics were isolated from eight of the 10 coastal locations in Canterbury, New
Zealand with concentrations in sediments ranging from 0-45.4 microplastics kg™
These concentrations are comparable to earlier international studies that have used a

Figure 3. Suspected orange microbead and sand isolated from the exposed-beach coastline of New
Brighton. Observed in A, optical; and B, UV fluorescence modes.
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similar NaCl-based density separation technique. Thompson et al. (2004) reported con-
centrations of 8-86 microplastics kg~' of dry sediment in the United Kingdom in the
first published study. Subsequent studies reported concentrations of 0-12 microplastics
kg~ in Singapore (Ng & Obbard 2006) and 53-390 microplastics kg~" in Belgium (Claes-
sens et al. 2011). The highest concentrations reported to date for coastal sediments were
measured in sediments collected from the Lagoon of Venice (672-2175 microplastics
kg™") (Vianello et al. 2013).

Significantly higher microplastic concentrations were measured at exposed-beaches
compared with harbour (P =0.019) and estuarine (P = 0.025) sites. Higher concentrations
were also typically measured at sites located in close proximity to the urban centre of
Christchurch. Amberley Beach, located 40 km north of Christchurch city, was the only
exposed-beach site located in a non-urban setting. Microplastic concentrations measured
at this location were considerably lower than those observed at the urban sites of New
Brighton, South New Brighton and South Shore. It is likely that the distance from the
city and the substrate type are responsible for this observation. Low concentrations were
also observed at Clifton Beach, an exposed-shore beach in close proximity to the city.
This site had an extremely broad strandline and it is likely that microplastics are more
widely distributed in this area resulting in the lower microplastic concentrations observed.

Spatial variability of concentrations observed between replicate samples was often high.
This is not unexpected given that plastic distribution on coastlines is unlikely to be
uniform. This pattern has been reported in the Belgian (Claessens et al. 2011) and
Italian (Vianello et al. 2013) studies.

Considerably lower microplastic concentrations were detected in harbour sediments.
Very little macroplastic debris was observed at harbour sites on the day of sampling and
the low microplastic concentrations reflect this. The low concentrations measured in estu-
arine sites were unexpected. As large quantities of plastic waste were observed at both the
Avon and Heathcote River mouths during field sampling, it was expected that microplastic
concentrations at these locations would be high. However, the majority of plastic waste was
found on the estuary bank and not within the observed strandline sampled. No particles
were confirmed as microplastics at the Avon River mouth and low concentrations were
measured at the Heathcote River mouth. It is conceivable that the sampling location
chosen did not represent the appropriate area for plastic accumulation. Plastic debris
may accumulate in zones higher than what was sampled during periods of large tidal
movements or are flushed out to nearby coastal environments during tidal movements.

The majority of microplastics isolated were polystyrene, polyethylene and polypropy-
lene. The greatest proportion (58.9%) of microplastics measured 2-5 mm in size. The
lowest proportion (16.4%) measured <1 mm. The majority of particles isolated were
white and clear. This is consistent with a review of earlier international studies reporting
that the highest proportions of microplastics isolated from local coastal sediments are
large, white and transparent (Hidalgo-Ruz et al. 2012). The size and colour of microplastic
particles may contribute to their likelihood of being ingested by marine species. It has been
suggested that fish may feed on white, brown and yellow microplastics that resemble prey
(Shaw & Day 1994). The high abundance of these particles suggests that microplastics may
be a hazard to marine species in the Canterbury region.

The majority of microplastics were fragments (86.3%), followed by pellets (11%). Two
microbeads were isolated and may represent the first instance in which these particles have
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been detected in local coastal sediments. The first bead was white and blue, approximately
250 um in diameter and identified as polyethylene. The second was orange, highly fluor-
escent and the same size (Figure 3 ). The chemical composition of this bead was not con-
clusively identified due to high levels of noise in the Raman spectra generated.

The microplastic concentrations detected in this study are comparable to plastic pellet
concentrations measured for the Canterbury coastline in 1978. Gregory (1978) reported
concentrations ranging from 0 to >1000 pellets m~> at exposed-beach sites with the great-
est concentrations measured at South New Brighton and South Shore. Pellets were infre-
quently detected in harbour environments. Consistent with the current study (Table 1),
the greatest concentrations of plastic pellets were detected in exposed-beach sites
located close to Christchurch.

Microplastic concentrations on the coastlines of Canterbury, New Zealand are likely to
be strongly influenced by the urban population of Christchurch. The degraded nature of
some particles suggests long residence times in the environment and the potential for
widespread movement. Ocean currents surrounding New Zealand may also be a source
of microplastic pollution for Canterbury’s coastlines. Sampling conducted in the waters
surrounding Australia reported average microplastic concentrations of 4256 particles
km™2 (Reisser et al. 2013).

Conclusion

This study has confirmed that primary and secondary microplastic pollution is present on
New Zealand’s coastlines at concentrations in the lower range of those measured interna-
tionally. The greatest proportion of microplastics comprised white polystyrene fragments
2-5 mm in size. Concentrations of microplastics measured from exposed-beach environ-
ments were significantly greater than those from estuarine and harbour environments.
Additional studies are recommended to further investigate the presence and impacts of
microplastic pollution in New Zealand.
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