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Abstract: Stormwater drains act as important vectors for microplastics, enabling the transportation of
microplastic polymers from terrestrial systems where they are produced and consumed to aquatic and
marine ecosystems. In this study, microplastic concentrations and their size fractions were measured
in six stormwater catchments in the Perth and Peel region of Western Australia. Stormwater drains
with contrasting land uses and catchment characteristics were selected and two sites along each
drain were sampled. Water samples were filtered in situ with a purpose-built fractionation device.
Catchment boundaries and contributing drainage areas were derived from a hydrologically enforced
digital elevation model. Microplastic concentrations within the sites varied from 8.8 to 25.1 mi-
croplastics/L (mean 14.2 microplastics/L). Fibrous microplastics were the most common morphology,
followed by fragments. Polymer types identified using Raman spectroscopy included polypropylene
(64.6% of samples), polyethylene (64.7%), polytetrafluoroethylene (5.9%) and polyvinylidene fluoride
(5.9%). There was no statistically significant variation in microplastic concentrations across or within
stormwater catchments. A linear mixed-effect model showed that several components of the land
use pattern: catchment area, catchment population, and the proportion of industrial land, natural
land and public open space, were positively related to microplastic concentrations. The proportion
of residential land was negatively related to microplastic concentrations. The lack of significant
variation in microplastic concentration observed both across and within the catchments points to
their ubiquitous presence in stormwater systems in the region. This study is the first to examine
microplastic contamination in the water of stormwater drainage systems in Perth, Western Australia.
These stormwater systems contain considerable concentrations of microplastics, confirming their
importance as transport mechanisms for plastics into aquatic and marine ecosystems.

Keywords: microplastics; stormwater; drainage

1. Introduction

The mass production of plastic products began in the 1940s and over 7800 million
tons of plastics have been produced since the year 1950 [1]. Less than 5% of these plastic
products have been recovered, resulting in accumulation in various environments including
marine, freshwater, urban, remote, agricultural, and industrial systems [2,3].

Microplastics are plastic particles with a diameter of less than 5 mm and have been
widely identified as contaminants of concern [3,4]. Microplastics are important pollutants
due to their small particle size, resistance to biodegradation and ability to move through
various environmental media. Importantly, microplastics have a significant capacity to be
readily absorbed and ingested by organisms [5]. As such, microplastic polymers represent a
substantial risk to wildlife as the small particles may be mistaken as food and ingested; they
are also small enough to be ingested by filter feeders and planktonic organisms giving a high
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potential for bioaccumulation of plastics themselves and co-contaminants [6,7]. The high
surface area and hydrophobicity of microplastics allows the sorption of co-contaminants
such as polycyclic aromatic hydrocarbons and heavy metals [8,9].

Microplastics can be classified by shape (fibres, fragments, film, microbeads) [10].
As well as shape, microplastics can also be categorised as either primary (intentionally
manufactured as small particles, e.g., cosmetic microbeads) or secondary (derived from
degradation and fragmentation of larger plastics).

Microplastic research was initially focused on marine environments, while terrestrial
systems received far less attention [11]. Terrestrial microplastic contamination is 4–23
times greater than in marine environments, and land-based inputs are important sources
preceding the transport of microplastics to the ocean [12].

Stormwater was first indirectly identified as a source of microplastics to urban lakes,
and marine locations near urbanisation, based on mass balance rather than direct measure-
ment [13,14] Stormwater runoff has since been widely identified as an important transport
mechanism for microplastic pollution on land to the marine environment [12,15]. Urban
stormwater seldom receives treatment which could remove microplastic particles, allowing
direct fluxes to riverine and marine systems [16]. Microplastics enter stormwater systems
through a combination of atmospheric deposition and overland flow [17,18] following
which they may be removed by entanglement with organic materials, biofouling, or sedi-
mentation [17,19,20]. Whether microplastics flow through stormwater systems or settle in
sediment is determined by the size, shape and density of the particles [19].

Microplastics found in stormwater are comprised of a wide range of polymers with
some of the most common being polyethylene, polypropylene, polyvinyl chloride, polyethy-
lene terephthalate, and polystyrene [17]. The absolute abundance of microplastics, and the
relative abundance of polymer types, will to some extent reflect the land use and human
activities in the catchment [12]. There is no widespread consensus that land use intensity
and population density can adequately account for microplastic concentrations in all areas
of the globe [20]. Instead, other factors such as weather, specifically the timing of rainfall
before sampling, affect measured microplastic concentrations, but these effects are also
inconsistent [21,22].

This study is the first to examine the concentration, polymer type and shape of
microplastics found in the water of stormwater drainage in Western Australia. The study
aimed to answer the following research questions:

1. What is the concentration of microplastics in selected stormwater drains across the
Perth and Peel region?

2. What plastic shapes, sizes, colours and polymer types are identified in the drainage
systems?

3. Is there a significant difference in microplastic concentrations within or between any
of the drainage systems?

4. Does the land use pattern, as defined by catchment area, catchment population, pre-
sampling rainfall, and the proportions of residential, industrial, commercial, agricul-
tural, natural land, and public open spaces, affect stormwater plastic concentrations?

2. Materials and Methods
2.1. Sample Sites

Six stormwater drainage systems were selected for sampling (Figure 1), based on their
accessibility, broad distribution across the Perth area, and pattern of surrounding land
uses, based on a shapefile of Water Corporation stormwater drains [23]. Two sites were
sampled along each of the Bayswater Main Drain, Claisebrook Main Drain, Kitchener St
Drain, Osborne Park Branch Drain, South Belmont Main Drain and South Coolup Main
Drain (Figure 1). Details of samples are presented in Table 1. The region sampled has a
winter-wet subtropical climate (Köppen Csa), with mean annual rainfall (1993–2021) of
737 mm, with 77% of rainfall occurring May–September.
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Table 1. Sampling location details and the volume of water taken at each site. Two sites were selected
at each drain system, denoted Site Number 1 and 2. All samples 3 repeats, 250 mL rinse.

Sample Catchment Site
Number

Site
Code

Coordinates (Decimal Degrees, WGS84) Sample Size
Longitude Latitude

Bayswater Main Drain 1 B1 115.92135 −31.92585 10 L
Bayswater Main Drain 2 B2 115.92186 −31.92730 10 L

Claisebrook Main Drain 1 C1 115.85102 −31.93210 10 L
Claisebrook Main Drain 2 C2 115.87702 −31.95256 10 L

Osborne Park Branch Drain 1 O1 115.79987 −31.91233 5 L
Osborne Park Branch Drain 2 O2 115.80029 −31.91306 5 L

Kitchener St Drain 1 K1 115.94133 −31.91799 10 L
Kitchener St Drain 2 K2 115.94171 −31.91855 10 L

South Belmont Main Drain 1 SB1 115.93236 −31.97443 10 L
South Belmont Main Drain 2 SB2 115.93233 −31.97202 5L
South Coolup Main Drain 1 SC1 115.85390 −32.74431 5 L
South Coolup Main Drain 2 SC2 115.83038 −32.75319 5 L

2.2. Sampling Protocol

The design of the sampler used (Figure 2) was adapted from Ziajahromi et al. [24]. Each
sampler used 10 cm diameter stainless steel disks (All-round Mesh, Victoria, Australia),
with one of each of the aperture sizes (530 µm, 190 µm, 100 µm, and 25 µm), stacked
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between five 5 cm long PVC pipe joiners of 10 cm diameter, so each size class had a lower
bound corresponding to the aperture size of the filter. The PVC joiners were then fastened
together to form one 25 cm pipe with the filtration disks at 5 cm intervals.
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Figure 2. Stacked filter design and schematic of microplastic separation and counting procedures.
Sampled water is passed through the filter stack so that microplastics are sorted according to size clas-
sification. The filtered water is discarded. Particles on each mesh filter are transferred quantitatively
onto glass fibre filters for microscopic identification and counting.

Samples of either 5 L or 10 L were taken from the top 10–15 cm of the water body
using a bucket. Where suspended solid content was high, and filtering the full 10 L
was not feasible, 5 L samples were taken. The samples were then decanted through the
stacked filtration device, leaving only suspended particles including any microplastics in
the samples on the mesh disks. 250 mL of clean water was then added to rinse any potential
microplastics stuck to the sides and poured through the sampling device. Each mesh disk
was wrapped in aluminium foil for transport and storage. Sampling was conducted during
winter. The timing of sampling was not related to the timing of rainfall.

2.3. Sample Processing

The solids on mesh sample filters and Al-foil wrappers were rinsed onto glass fibre
filters (Whatman GF/A) for vacuum filtration. A scalpel was used to remove gently any
remaining contents onto the filter. The glass filters were then removed carefully from the
filter funnel/manifold and placed in clean Petri dishes in prior to microscopic analysis.

2.4. Sample Analysis

Microplastics were initially identified using a Nikon TE-PSE30 microscope at 4.5×
magnification, according to the criteria identified by Hidalgo-Ruz et al. [25]; in addition,
there should be no visible cellular or other organic structures, except for possible biofouling,
and a positive reaction to the hot needle test [20,25]. Suspected microplastics on each filter
were counted and categorised according to shape and colour. The shape categories included
beads (spherical particles), films (thin coatings), fragments (diameter > thickness) or fibres
(length > diameter) [10]. Colour categories included clear, white, grey, black, brown, blue,
green, yellow, orange, red and pink.
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2.5. Blanks

Potential background contamination in the laboratory and filtration processes were
accounted for by assessing blank samples. Uniformity across the controls and samples
themselves was ensured by processing both samples and blanks simultaneously in the
laboratory. Five blank samples of 10 mL deionised (DI) water were passed through the glass
fibre filters and analysed to determine background contamination from the equipment and
DI water [20]. These filters were left uncovered for half an hour to replicate the exposure to
atmospheric deposition experienced by the samples during the processing and counting of
suspected microplastics on the samples.

2.6. Microplastic Identification and Characterisation

A randomly selected subset of visually identified microplastics were analysed using
Raman microscopy (WITEC Alpha 300 RA+ Confocal Raman microscope). This representa-
tive subsample consisted of 6 fragments and 32 fibres, approximating the proportions of
these particle morphologies in the samples. Microplastic particles were adhered to a clean
glass slide with a droplet of silicone oil having a known Raman spectrum with minimal
interfering bands.

Raman spectroscopy was conducted on a WITec Alpha 300 RA+ system with an
Andor iDUS 401 CCD maintained at −60 ◦C, and a 20× objective. Infrared (785 nm) and
red (633 nm) lasers were used with a 600 mm−1 grating. Spectra were collected using
ProjectFIVE software and cross-referenced manually using reference materials from the
Spectral Database Index from the Infrared & Raman Users Group [26]. A false positive
frequency was then calculated from the results of this Raman subsample verification and
used to correct raw microplastic counts. Raman analysis was selected over ATR-FTIR
spectroscopy due to its ability to analyse smaller particle sizes [27].

2.7. Data Analysis

Catchment modelling was conducted for each of the drainage systems. Geosciences
Australia’s Digital Elevation Model (DEM) for the Perth and Peel region was used to
delineate areas of low-lying land [28]. Water Corporation and Department of Water and
Environmental Regulation drainage channel datasets were compiled, along with the DEM,
in ArcGIS 2.6.0 [29]. Watersheds for the entire drainage system were then calculated
by mapping the flow direction of overland runoff. These watersheds estimate the total
contributing drainage area for the system from the point of discharge. These watershed
polygons were then manually altered to match the extent of drainage flow at each specific
sampling location. The manual alterations were determined by interpreting the flow
accumulation layer and approximating where the flow would funnel into the sample
location. This created a more accurate representation of the actual catchment area flowing
into each individual sampling location. These site-specific catchments were then converted
to polygons, and the internal area of each was calculated, giving the area of land that
each of the sample sites serviced. The watersheds calculated for the Claisebrook Main
Drain and Osborne Park Branch Drain catchments were originally miscalculated from
this catchment modelling process, as the digital elevation model did not account for
anthropogenic alterations to the drainage systems in this area. As such, the catchment for
these two drainage channels was manually entered into ArcGIS using reference materials
on the actual catchment extent from DWER (2014) and Kobryn (2001).

The land use classification layers imported into ArcGIS were adapted from the Aus-
tralian Land Use Management categories [30] used in the Department of Primary Industries
and Regional Development land use dataset [31]. To simplify analysis, land use clas-
sifications were regrouped into six categories: residential (urban and rural); industrial;
services; agriculture (including horticulture); natural (including water bodies); and pub-
lic open space. Any misclassifications (e.g., natural land classed as production forestry)
were corrected.
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The population for each catchment was then determined by multiplying the population
density of each suburb within the catchment by the area of the catchment it occupies. The
population estimates from the fractions of suburbs within the overall catchment were
then summed to give a catchment-wide population. Rainfall amounts were calculated
as the cumulative rainfall for the 7 days prior to sampling. Rainfall data were obtained
from the Australian Bureau of Meteorology records at the nearest weather station to each
location [32].

All data curation and analyses were performed in R [33]. Prior to statistical analysis,
microplastic count data were corrected to account for both background contamination
from blank measurements, and the false positive rates identified with Raman spectroscopy.
Corrections involved random sampling from vectors of experimental blank and false
positive count measurements, rather than using mean blank or false positive values.

The differences in mean microplastic concentrations between catchments and sites
were assessed using Type-II ANOVA based on linear mixed-effect (LME) models with
Tukey pairwise contrasts, cross-checked with non-parametric Kruskal–Wallis tests. LME
models were implemented in the R package ‘nlme’ [34], with contrasts calculated using
the R package ‘multcomp’ [35]. The effects of relevant covariates (catchment population;
catchment area; prior rainfall; proportions of the land use categories residential, industrial,
services, agricultural, and public open space) on microplastic concentrations were assessed
using linear mixed-effect models with sampling site as random effects and each covariate
separately as fixed effects. Nested alternatives for each model were (1) using constant
variance structure independent of catchment or sampling site; (2) including a variance
function with different standard deviations for each catchment, and (3) including a variance
function with different standard deviations for each sampling site. The model alternative
selected for each covariate was the one giving the lowest Aikake Information Criterion
value, if an analysis of variance showed a significant improvement over the next most
complex model.

3. Results
3.1. Catchment Modelling

The catchment modelling output defined the area, estimated population, rainfall total
for the week leading up to the date of sampling, and land use proportions expressed as
percentages (Table 2).

Table 2. Summary of drain and catchment characteristics derived from catchment modelling.

B1 B2 C1 C2 K1 K2 O1 O2 SB1 SB2 SC1 SC2

Catchment Characteristics
Area (ha) 1089 1105 1459 990 20 21 2227 2324 223 238 899 631

Population 21039 21372 34370 24548 298 319 45963 49291 3221 3387 91 64
Rainfall
(mm) 1 31.2 31.2 56.8 11.4 31.8 31.8 44.6 6.8 31.8 5.4 14.8 14.8

Land Use Proportion (%)
Public open 8.5 9.2 16.6 17.9 0.00 0.00 9.6 9.3 8.7 8.1 0.00 0.00
Industrial 31.4 30.9 1.4 0.00 0.00 0.00 13.0 16.0 17.4 16.3 0.47 0.50

Residential 58.0 58.0 76.8 77.7 84.2 84.2 68.5 65.9 64.6 67.0 1.9 2.7
Services 2.2 2.1 3.9 3.0 15.8 15.8 6.7 6.4 5.1 4.8 0.00 0.00
Natural 0.00 0.10 1.4 1.5 0.00 0.00 2.2 2.4 4.1 3.8 2.7 2.5

Agricultural 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 94.9 94.3

1 In the 7 days prior to sampling.

3.2. Background Contamination and Raman Spectroscopy

Background concentrations (blanks) showed 0, 1, 1, 1 and 2 black suspected microplas-
tic fibres. A value drawn randomly from the vector [0,1,1,1,2] was then subtracted, only
from fibre counts, before scaling to concentrations based on sample volumes. Raman spec-
troscopy indicated that 18 of the 38 suspected microplastics initially counted after visual
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analysis were correctly identified. The false positive rate of the analysis was therefore 52.6%.
This proportion of false positive microplastic identifications is consistent with the findings
of other studies, in which between 20 and 70% of polymers have been misidentified [20].
Correctly identified polymers were matched as Polypropylene (PP) (64.7%), Polyethylene
(PE) (23.5%), Polytetrafluoroethylene (PTFE) (5.9%), and Polyvinylidene fluoride (PVDF)
(5.9%). Natural polymers misidentified as microplastics under visual inspection included
cotton and wool fibres and various organic materials derived from plant and animal matter.
Raman spectra of the plastics identified, as well as wool and cotton fibres, are presented in
Figure 3.
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Figure 3. Raman spectra (intensity vs. relative wavenumbers, cm−1) used to classify polymer
materials identified from the microplastic subsamples which were identified visually. The main peaks
for each spectrum are labelled with their positions in relative wavenumbers.

3.3. Statistical Analyses of Factors Affecting Microplastic Concentrations

(a) Microplastic concentrations across and within drainage catchments.

The mean concentration of microplastics across the drainage catchments ranged from
9.22 (Kitchener Road) to 20.1 MP/L (Osborne Park). The catchments with the two highest
microplastic concentrations (Osborne Park and South Coolup) also had the greatest intra-
catchment variation (relative standard deviations of 58% at Osborne Park and 59% at South
Coolup). Table 3 summarises the microplastic concentrations by catchment, and Table 4
summarises the microplastic concentrations by sampling site.
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Table 3. Mean microplastic concentration (MP/L) and standard deviation at a catchment level.

Bayswater Claisebrook Kitchener Osborne S. Belmont S. Coolup

Mean (MP/L) 12.6 12.8 9.2 20 12.8 18
Standard
deviation 3.6 4.7 2.1 12 4.2 10

Table 4. Mean microplastic concentration (MP/L) and standard deviation at a site-specific level.

B1 B2 C1 C2 K1 K2 O1 O2 SB1 SB2 SC1 SC2

Mean (MP/L) 13.9 11.2 14.7 11.0 9.7 8.8 25 15.2 12.9 12.7 25 10.3
Standard
deviation 3.6 3.8 5.4 4.0 2.2 2.4 16 2.6 1.5 6.5 10 2.2

Within-catchment variation in mean microplastic concentrations was minimal, with
no significant difference between the mean microplastic concentrations of site pairs in each
catchment (Welch’s t-test: 0.09 < p < 0.995). Boxplots of the microplastic concentrations at
each drainage catchment and each sampling site are shown in Figure 4.
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Figure 4. Comparison of microplastic concentrations (a) in each catchment and (b) at each site. The
bar colours are simply to provide a visual match between catchments and sites in each catchment.

Neither site nor catchment explain the variation in microplastic concentrations, based
on Type-II ANOVA analysis; 3% of the variance was explained by catchment, 23% by site
(unrelated to the drainage catchment), and the residual variance was 73%. The Tukey
pairwise contrasts, treating catchment as a factor, suggested that none of the catchment
pairings had significantly different means from one another (0.14 < p <1).

(b) Analysis of Covariates

Summaries of the LME models for each covariate are listed in Table 5. Catchment area,
catchment population, industrial, natural, and public open space land use proportions had
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significant positive effects on microplastic concentrations. Conversely, the proportion of
residential and services land uses had significant negative effects on microplastic concen-
trations. Preceding rainfall, and the proportion of agricultural land had no significant effect
on microplastic concentrations.

Table 5. Summaries of linear mixed-effects models predicting microplastic concentrations from each
of the covariates reflecting the pattern of land use in each catchment. Coefficients and P-values for
covariates with significant effects are in bold type.

Covariate Model Specifications Covariate
Coefficient p-Value

Catchment population ÷ 1000 Heteroskedastic,
variation at site level 0.1041 0.005

Catchment area Heteroskedastic,
variation at site level 0.0025 0.0037

Rainfall Heteroskedastic,
variation at site level −0.0109 0.86

Residential proportion Heteroskedastic,
variation at catchment level −0.1168 0.0169

Agricultural proportion Heteroskedastic,
variation at site level −0.0120 0.60

Industrial proportion Heteroskedastic,
variation at site level 0.1352 0.0107

Natural proportion Heteroskedastic,
variation at site level 0.7090 0.0248

Services proportion Heteroskedastic,
variation at site level −0.2761 0.0093

Public Open Space proportion Heteroskedastic,
variation at site level 0.3193 0.0051

Some features of the data require further exploration. Notably, SC1 had high mi-
croplastic concentrations, despite a small catchment population (91 people) and a moderate
catchment size (899 ha). Additionally, the negative effect of the proportion of services and
residential land uses on microplastic concentrations appears to be influenced by the results
at the South Coolup site. Here, the residential and services proportions were low (1.9% and
0%, respectively), yet mean concentrations were high. The trend of increasing microplastic
concentration with the increasing proportion of industrial land also had an exception at site
SC1, which had the second highest microplastic concentrations but only 0.5% industrial
land use. Some covariates were significantly collinear (e.g., catchment area and population,
Pearson’s r = 0.94; residential-agricultural r = −0.95; etc.), so the individual effects may
represent a combination of land use or demographic variables.

3.4. Microplastic Characteristics

Morphology. The microplastics observed included fibres, fragments, films and beads.
Fibres were the most common, accounting for between 86% and 99% of synthetic polymers
identified (Figure 5a). Fragments comprised between 1% and 13% of microplastics in the
catchments. Films were only identified at the South Belmont Drain catchment, where they
contributed 1% of the microplastic count. Claisebrook was the only drainage catchment
where microplastic beads were observed but, at 0.01% of the count, microbeads were
uncommon.
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Figure 5. Proportions of microplastics in each catchment, classified by (a) shape (morphology),
(b) size, and (c) colour.

Size. Microplastics in the 190–530 µm size category were the most abundant (33%),
followed by 100–190 µm (28%), ≥530 µm (27%) and 25–100 µm (12%). Kitchener and South
Belmont were the only drainage catchments having the ≥ 530 µm size category as the most
populous size fraction, comprising 32% (K) and 30% (SB) of plastics identified. Kitchener
and South Belmont catchments also featured the greatest proportion of 25–100 µm polymers,
at 18% (K) and 14% (SB).

Colour. The majority of microplastics identified were black (55%), followed by red
(18%), blue (12%) and green (7%) (Figure 5c). Pink, orange, brown, clear, white and
grey microplastics each represented less than 5% of the total microplastic count. The
proportions of microplastics of different morphologies are shown in Figure 5a, different
sizes in Figure 5b, and different colours in Figure 5c. Additionally, a subsample of the
microplastics identified are presented in Figure 6.
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4. Discussion
4.1. Catchment and Site Variation in Microplastic Concentrations

The lack of variation in microplastic concentrations across drainage catchments or sites,
or within drainage catchment site pairs, reflects the ubiquitous occurrence of microplastics
in the Perth region. Similarly, Mora-Teddy and Matthaei [36] found no significant difference
between mean microplastic concentrations in drainage catchments in New Zealand. In
contrast, Lutz et al. [20] observed substantial variation in microplastic concentrations in
stormwater drain sediment in Perth, both within and between catchments. This difference
may reflect the more dynamic nature of water, compared with sediments which provide a
more stable, longer-term sink for microplastics [20].

4.2. Factors Affecting Microplastic Concentrations

Both catchment area and population were predictive, with positive effects, of stormwa-
ter microplastic concentrations in this study. This result is in contrast with microplastic
concentrations in stormwater sediments in Perth and Melbourne, which were not related to
catchment size or population [20,37].

The ability of the proportion of industrial land use to predict microplastic concen-
trations has been widely reported, consistent with the significant positive effect shown
in this study (Table 5). Piñon-Colin et al. [21], Liu et al. [38] and Townsend et al. [37]
found that catchments with higher industrial land use proportions had greater microplastic
concentrations than catchments dominated by residential land.
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The significant positive effect of the proportions of public open space and natural
land on microplastic concentrations is somewhat unexpected. In contrast, Townsend
et al. [37] found a negative correlation between public open space and microplastics,
instead noting that higher concentrations were detected with increasing proportions of
urbanisation. Similarly, Lutz et al. [20] measured lower microplastic concentrations in
stormwater sediment in areas with greater proportions of public open space and natural
land. Some studies conducted in relatively untouched environments, however, have
detected high microplastic concentrations in regions with little to no urban development.
This indicates that while land use intensity and population can be predictors for microplastic
concentrations in some areas, these results cannot be generalised across different studies,
regions, or stormwater drainage catchments [20,39,40]. Additionally, the detection of high
microplastic concentrations in areas with greater natural land and public open space may be
influenced by the inclusion of wetlands and lakes in these land use categories. Wetlands act
as sinks for microplastics [38], and areas with greater proportions of natural land and public
open spaces included wetland and lake environments and surrounding parks. Therefore,
the influence of these wetland sinks may contribute to the significant positive effects of the
proportion of natural land and public open space on microplastic concentrations.

Our finding that the agricultural land use fraction is not correlated with microplastic
concentrations is unsurprising, given that only one catchment (South Coolup) had any
agricultural land. It would usually be expected, however, that agricultural areas that do
not use biosolids applications would have lower microplastic concentrations [20].

Rainfall in the preceding 7 days was not predictive of microplastic concentrations in
this study. Conversely, Piñon-Colin et al. [21] found the greatest MP concentrations during
rainfall events, but their approach differed in that sites were sampled at the beginning
of the rainfall event and 10 and 30 min into the event for seven separate weather events.
Similarly, Yonkos et al. [40] found that microplastic concentrations were higher after rainfall
or other extreme weather conditions such as hurricanes. Different trends may be observed
for different microplastic particle morphologies, with fragments increasing during rainfall
events but not fibres [22]. This may explain the lack of a rainfall effect in our study, given
the predominance of fibres over other microplastic types.

4.3. Microplastic Concentrations

The microplastic concentrations measured in the stormwater drains had means varying
from 20.1 MP/L at Osborne Park Branch Drain to 9.2 MP/L at Kitchener St Drain. These
concentrations match the ranges observed in recent literature, which vary between 15.4
and 30.9 MP/L [22,41,42]. Our microplastic concentrations are lower than those reported
by Piñon-Colin et al. [21] for stormwater runoff in semi-arid Tijuana, Mexico with median
microplastic concentrations between 66 and 191 MP/L. There may be significant variations
in reported concentrations stemming from differing sampling and analytical techniques,
and variations in the types of water body sampled. For instance, Liu et al. [38] assessed
urban and highway retention ponds receiving stormwater runoff flows from various land
uses in Denmark and found microplastic concentrations between 490 and 22,894 MP/L.
However, this study included plastics between 10 and 2000 µm, an upper classification twice
the size of the approximate 1000 µm upper limit in this study. Similarly, Mora-Teddy and
Matthaei [36] assessed stormwater systems in New Zealand and discovered microplastic
concentrations in the range of <1000–44,000 MP/L, with an upper size limit of 5,000 µm
and without spectroscopic verification of polymer composition or false-positive correction.

As observed in other studies of microplastics in stormwater systems [16,20,43], the
dominant microplastic shapes found were fibres. The high proportion of fibres relative to
other morphologies relates to the ease of transport by water, since their sedimentation rates
are slower than for other particle shapes [20].
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4.4. Polymer Types

The dominance of polypropylene and polyethylene in this study is consistent with
other studies of microplastic in freshwater. Piñon-Colin et al. [21] found that PE and
polystyrene (PS) accounted for the greatest proportion of plastics in stormwater, while
Liu et al. [38] detected PVE, PS, PP and PE, with PP being the most common polymer.
Interestingly, Lutz et al. [20] detected polyethylene terephthalate (PET), nylon polyamide
(PA), polyacrylonitrile (PAN) and a synthetic and natural polymer blend, as well as PP
and PE in stormwater sediment across Perth. The dominance of PP and PE in our samples
can be explained by their densities relative to other plastic polymers. Since PP and PE
have lower densities than fresh water, they would float downstream through the drains,
rather than settling into the sediments (Lutz et al. 2021). Conversely, more dense polymers
such as PA, PVC, polyurethane (PU) and PET, which were not identified in this study,
are more likely to become embedded in sediments [44]. Several studies have found that
higher-density polymers such as PET, PVC, PA, polyester, and PU were more prevalent
in sediment than in water samples [38,42,45]. The dominance of PE and PP in this study
indicates some potential sources of microplastics, including single-use plastic bags (PE), and
food containers, fabrics, textiles, packaging materials and reusable products (PP) [44,46].

5. Conclusions

Our understanding of the fate and transportation of microplastics in terrestrial environ-
ments is still limited, and this first study to report stormwater microplastic concentrations in
Western Australia provides useful information on the role of stormwater. The study focused
on the four research questions stated in the Introduction. First, stormwater drains in Perth,
Western Australia, contain concentrations of microplastics similar to other stormwater
drainage catchments worldwide. Second, the predominance of fibres and low-density
polymers suggests an active role of stormwater drains in microplastic transport. In the case
of Perth, stormwater discharge is to the Swan–Canning Estuary, with a direct connection to
the Indian Ocean. Third, the consistency of concentrations between different drains, and
between sampling sites on the same drain, is consistent with widely occurring microplastic
contamination in this region. Finally, the significant effects of catchment population and
area and urban land use proportions (residential, industrial, commercial, and public open
space) on microplastic concentrations in stormwater are consistent with expectations. The
unexpected positive effect of the proportion of natural land on stormwater microplastic
concentrations suggests that further research is required to test hypotheses about the role
of wetlands or other mechanisms for microplastic transport and retention. Stormwater
drains in this urban area, and others worldwide, have a direct connection with estuar-
ine and marine environments. This suggests that connections between stormwater and
natural waters need to be interrupted using engineered solutions to limit the transport
of microplastic to sensitive ecosystems. This is already widely implemented for macro-
scopic solids in stormwater, but the small size of plastic particles is an additional threat to
urban sustainability.

Future investigations should also sample additional locations, before and after rainfall
events and over an extended timeframe, with the timing of sampling designed to under-
stand the effect of weather and seasonality on microplastic concentrations. The possible
relationship between sediment microplastic concentrations and stormwater concentrations
is also worthy of investigation. The predominance of microplastic fibres in our study
also implies that aeolian transport may be important, a further potentially fruitful avenue
for research.
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