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Microplastic pollution is a rapidly growing problem, but there are still 
many data gaps on microplastics in our environment. In partnership 
with Environment and Climate Change Canada, a pilot study involving 51 
volunteers was conducted to improve knowledge on microplastic debris on 
coastal shorelines and to develop tools for standardized particle analysis by 
community science programs. Over six months, volunteers collected monthly 
samples of visible microplastics (0.5-5 mm) in surficial sand at 10 different 
beaches across the Greater Victoria Region, British Columbia, Canada. The 
beaches varied in morphology, hydrological conditions, public use, marina 
activity and the presence of municipal stormwater sewers. Microplastics 
collected by the volunteers were enumerated and physically characterized 
using a novel imaging technology, the Saturna Imaging System, with a subset 
processed with Raman spectroscopy to identify material polymer and inform 
on putative sources. A total of 2,426 particles was recorded throughout the 
study, of which the majority were foam (81.4%), while lines (6.5%), films (1.8%), 
pellets (1.8%) and fragments (8.5%) were significantly less abundant. 

Microplastic densities ranged from 0-801particles per m2, and showed 
abundance hotspots at specific sites, particularly those surrounded by 
marinas. Polystyrene dominated particle chemical composition (85%), and its 
prevalence in our study is consistent with the experience and historical data of 
communities cleaning up shorelines across coastal British Columbia. This study 
demonstrates how a standardized long-term community surveillance program 
can help identify key microplastic litter types and heavily polluted sites to 
target for intervention. It also provides the most detailed scientific dataset 
on shoreline microplastics in British Columbia, Canada and a benchmark 
for future local monitoring. We developed a practical toolkit and resources, 
including an open-access database to monitor microplastics from sandy 
shorelines by community scientists and to engage the public in science. The 
toolkit will be available in the fall of 2022 to a cohort of schools and beach 
cleanup organizations to expand the microplastic monitoring program across 
Canada. This initiative will contribute to a better understanding of microplastic 
patterns in coastal ecosystems, engage communities in research and action 
and contribute to the UN Sustainable Development Goals.

SUMMARY
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In the last 70 years, the increasing growth in worldwide plastic production 
and mismanagement have led to a staggering accumulation of plastic waste 
in the environment. This problem is projected to worsen in the coming years 
if no action is taken, with a rise of global plastic waste from 150 million metric 
tons in 2016 to 646 million metric tons by 2040 (Lau 2021). Scientists have 
documented hundreds of marine species adversely affected by marine plastics, 
with entanglement, starvation and injuries as some examples (United Nations 
Environment Programme 2021). In the environment, plastic litter fragments 
into progressively smaller particles due to sunlight, mechanical action and 
biological activity. As a result, plastic materials have become highly prevalent 
in the global environment and even harder to capture, trace and remove. 
These pieces, defined as synthetic particles between 5 mm to 1 µm in length, 
are called microplastics, and they can also include purposefully manufactured 
particles, such as nurdles and microbeads, and particles released from textiles, 
tires and paint. 

Scientific reports on the ingestion and transfer of microplastics within the 
aquatic and terrestrial food webs (Besseling et al., 2019; de Sá et al., 2018; 
Wright et al., 2013) and their potential to affect human health are rapidly 
increasing (e.g., Campanale et al. 2020). The documented effects vary 
by species and can be distinguished into physical and chemical effects. 
Microplastics can cause inflammation, tissue injury and malnutrition (Wright 
et al. 2013) and expose organisms to potentially harmful chemicals, such 
as flame retardants, plasticizers or dyes (Fries et al. 2013; Rochman et al. 
2019). However, because microplastics vary greatly in their sizes, shapes, 
morphologies and chemistries, determining how these particles affect the 
ecosystem and humans is challenging and remains a continued area of 
scientific inquiry. 

Microplastics (MPs) are present in environmental samples and wildlife across 
Canada, but more research is needed to better understand their sources, 
transport and fate. In British Columbia, microplastics have been documented 
in coastal seawater (Desforges et al. 2014), a wastewater treatment plant 
(Gies et al. 2018), commercial shellfish (Covernton et al. 2019) and critical food 
web species, including zooplankton (Desforges et al. 2015), herring (Mahara 
et al. 2022) and Chinook salmon (Collicut et al. 2019). These studies highlight 
microplastics as a prevalent contaminant on the coast of British Columbia, 
with plastic fibers being a dominant type of the smaller microplastics (less than 
0.5 mm). Data generated by local volunteer beach clean-up groups provides 
additional insights into the state of plastic micro-debris pollution in this area. 
For instance, between 2018-2021 the Great Canadian Shoreline Cleanup 
recorded “plastic fragments and foam,” which included the visible microplastics 
(particles smaller than 2.5 cm), as the second most abundant litter type on 
its Dirty Dozen list (GCSC, 2018-2020). Microplastic particles have not been 
monitored regularly with scientific protocols on the beaches of B.C. and across 
Canada, making our understanding on their abundance, composition and 
behaviour in these ecosystems limited. Given the evidence that small MPs can 

INTRODUCTION
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be potentially ingested by sand-dwelling organisms, such as crabs, polychaetes 
and bivalves (Van Cauwenberghe and Janssen, 2014; Horn et al., 2020; Knutsen 
et al., 2020), monitoring these systems is a priority.

Microplastics are difficult to quantify and characterize due to their complexity, 
variability in the environment and widespread occurrence. Mapping the 
distribution and patterns in microplastics at scale using standardized datasets 
represents a major hurdle in advancing strategies to limit plastic pollution. 
Engaging members of the public in data collection through a practice called 
“citizen science” or “community science” offers an opportunity to drastically 
accelerate environmental research and monitoring. The practice has become 
an increasingly important resource for scientists and policy makers in recent 
years, while promoting environmental engagement, behaviour change and 
community action to improve the quality of the environment (Rambonnet et 
al. 2019; Zettler et al. 2017). It has also been identified as a key instrument to 
measure progress towards the United Nation’s Sustainable Development Goals 
(SDGs) (Fritz et al. 2019). However, collection of quality data by the public for 
scientific and/or decision-making purposes can be a challenge, due to issues 
such as data accuracy, completeness and consistency. This is particularly the 
case for microplastics which vary greatly in their characteristics and where 
visual and manual methods to sort, count and describe the particles represent 
the primary tools available for volunteer-based projects. 

The goal of this project was to develop and test easy-to-use procedures and 
technologies that can be employed by communities to monitor microplastics on 
sandy shorelines. We designed and led a pilot study based on Vancouver Island, 
B.C., Canada to evaluate scientific protocols to collect visible microplastics 
(0.5-5 mm) by local volunteers for subsequent analysis using a novel imaging 
technology, the Saturna Imaging System. Saturna is a portable device designed 
to capture standardized images of collected particles, which are then rapidly 
enumerated and characterized in terms of size, morphology and colour using 
an artificial intelligence algorithm. Therefore, the use of the Saturna Imaging 
System in microplastics monitoring can greatly improve the quality and 
throughput of data collection by community scientists.

The study, conducted in collaboration with Environment and Climate Change 
Canada, involved 51 volunteers who collected monthly microplastic samples 
from 10 different shorelines in the Greater Victoria Region of Vancouver Island 
between April and November in 2021. It generated the most extensive dataset 
on shoreline microplastics in British Columbia and a Community Science 
Microplastic Beach Toolkit consisting of the field procedures, the Saturna 
Imaging System, an open-access data portal for data sharing and visualization 
and science-based educational resources to support STEM learning, advocacy 
and community-based solution building for plastics. Using the Toolkit, 
microplastics surveys will be expanded via collaborations with beach-cleanup 
organizations and colleges in Canada and the Pacific Northwest coast in the fall 
of 2022. The long-term program goal is to establish an international network 
of communities collecting data on visible microplastics on beaches with 
standardized tools. This initiative will contribute to a better understanding of 
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Vancouver Island is located in British Columbia, Canada. It is surrounded on 
the west by the Pacific Ocean and on the north, south and east by the Salish 
Sea (Johnstone Strait, Juan de Fuca Strait, Haro Strait and Georgia Strait). The 
study focused on sandy beaches in the southernmost region of the Island 
that is bordered by the Salish Sea — one of the world’s most biologically 
diverse ecosystems that is home to the iconic and endangered southern 
resident killer whales and Chinook salmon. Here, oceanographic processes 
such as freshwater inflows and wind-driven surface currents exchange biota, 
sediments and nutrients throughout the larger ecosystem. Ten different 
sites with varying levels of public use, commercial and boating activity, beach 
hydrology and presence of municipal storm drains were selected for the study 
and are described in Table 1. 

METHODS

Study Area

microplastic patterns in coastal ecosystems, engage communities in research 
and action and contribute to the UN Sustainable Development Goals. 

This report describes the key findings from a community-based pilot study 
on microplastics on Vancouver Island, B.C. Our study demonstrates how a 
standardized long-term community surveillance program can help identify the 
most relevant shoreline microplastic litter and heavily polluted sites to target 
for intervention.

A few strategies were used to recruit volunteers, including social media posts, 
published blogs, newsletter announcements and direct emails to local chapters 
of beach cleanup groups, such as Surfrider Foundation Vancouver Island 
Chapter. Volunteers were divided into volunteer coordinators and general 
volunteers; volunteer coordinators were selected based on 1) experience or 
background in marine or environmental sciences, 2) ability to follow scientific 
procedures and collect data in the field and 3) access to a car. Volunteer 
coordinators were mostly trained in person by a member of Ocean Diagnostics’ 
science team. This training was followed by a video conference call in which 
volunteer coordinators were invited to ask questions and clarify doubts 
pertaining to the written protocol and/or to sampling. Volunteer coordinators 
then trained their respective sampling groups. 

Volunteers involved in the assessment of our AI particle colour and type 
predictor models were recruited by existing volunteers. They were personally 
trained and coordinated by the laboratory analyst. 

Community Scientist Volunteer Recruitment and Coordination
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To assess microplastic pollution in the Greater Victoria Region, 51 community 
scientist volunteers sampled the selected sandy beaches on a monthly basis 
between April and November in 2021 (Table 1).  The volunteers received 
sampling kits consisting of three four-gallon metal buckets with lids, one 
sampling pump, one stainless steel sieve (0.5 mm mesh), one stainless steel 
hand trowel, one 100 m measuring tape, two metal pegs, one 15 cm metal 
ruler for beach quadrat sampling, 0.5 x 0.5 m quadrats (200 cm twine attached 
to four metal stakes to create a square quadrat), one pair of metal tweezers, 
one plastic squirt bottle, one printed protocol and one printed sample data 
sheet. Volunteers sampled four quadrats at the same transect perpendicular 
to the water edge per station every month. The transect began at the back of 
the beach and ended at the water’s edge. The quadrats were located at the 
following positions: 1 m from start of the transect (quadrat 1), in the middle of 
the strandline (quadrat 3), halfway between quadrat 1 and 3 (quadrat 2), and 
halfway between quadrat 3 and the end of the transect (quadrat 4). 

Volunteers filtered seawater into four-gallon metal buckets using a modified 
bike pump connected to a filter housing and 74 µm stainless steel filter (47 
mm diameter, McMaster-Carr). Before sampling each quadrat, a 50 cm by 50 
cm twine square with steel pegs was used to delimit the area to be sampled. 
Volunteers collected sand down to 5 cm depth from the quadrat using metal 
gardening hand trowels and transferred it into the bucket containing pre-
filtered seawater. Sand was added to the bucket until its level was nearly as 
high as the level of filtered seawater. Moving away from the quadrat sampled, 
the water was then carefully poured through a 0.5 mm mesh stainless steel 
sieve. Community scientists subsequently picked out all particles from the sieve 
using metal forceps and filtered seawater in a plastic squirt bottle. The samples 
with particles containing plastics and other debris were stored in aluminum 
tins and transported to Ocean Diagnostics’ lab for further analysis.

Field Procedure
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Table 1. Characteristics and locations of beaches targeted in the study.

At the lab, samples were inspected and plastic particles sorted for imaging and 
chemical analysis. The overview of sample processing and analysis workflow 
is presented in Figure 1. Particle preparation involved passing the debris 
through a stack of stainless-steel sieves (mesh sizes: 4000, 2000, 500, 250 and 
125 µm) and cleaning each collection of particles with tap water. Following 
the guidelines provided in Lusher et al. (2020), when cleaned, the particles 
were individually assessed to separate microplastics based on their type and 
morphology. If the particle was identified as a microplastic, both by visual and 
textural evaluation, the particle was isolated for further physical analysis. If it 
did not pass at least one of the criteria above, the particle was then subjected 
to a third assessment involving particle density. Suspected particles were 
suspended in 0.58 M NaCl solution in a glass beaker. If the particle did not sink 
to the bottom of the beaker, it was isolated for further physical analysis. When 
all suspected particles in a sample were isolated back into their original tins, 
they were dried inside a laminar flow hood for at least four hours. 

Dry particles were orderly placed onto the Saturna Imaging System prototype 
device for subsequent characterization. The metrics captured by the software 
included maximum width (mm), surface area (mm²), convex surface area 
(mm²), perimeter (mm), convex perimeter (mm), bounding box length (mm), 
bounding box width (mm), aspect ratio (bounding box width × bounding box 

Lab Procedure
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length¯¹), roundness, convexity, solidity, HSV (hue, saturation, value), BRG 
(blue, red, green), LAB (light, A channel and B channel), colour AI prediction 
with confidence interval and particle type AI prediction with confidence interval 
(see Appendix B for more details). When all particles in a quadrat had been 
measured using the Saturna Imaging System, a unique number identifier 
was used to label them. Then, the particles were isolated and placed inside 
individual well plates.

Based on the definition used for visible microplastics in this study, only 
particles measured to have a maximum width between 0.5 and 5 mm were 
selected for data analysis and further spectroscopy analysis.

Figure 1. An overview of the data gathering process adopted in the study.
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Chemical analysis was carried out on a subset of the collected microplastic 
samples. The model of Kedzierski et al (2019) was used to calculate the amount 
of microplastics to subsample for each site and month to obtain statistically 
representative information on microplastic polymer composition with an error 
rate <10%. When all subsamples were calculated, particles within a specific 
month and station were indexed. Then, a random number generator was used 
to select the particles for spectroscopy analysis. 

Single-point spectroscopy analysis was carried out using an in-house optical 
spectroscopy system consisting of a BH200M microscope (AmScope) coupled 
with a WP-785-R-SR-LMMFC-S laser (Wasatch Photonics, NC, USA). The optical 
setup can capture a brightfield image of the particle as well as the single point 
Raman spectrum. The Raman spectral acquisition was collected using either 
a 5x or 20x magnification objective depending on the particle size. The typical 
laser power setting was between 20-40% with an integration time between 
200-400 ms. In some cases, a diminishing/distorted vibrational response 
was observed due to particle weathering and its hindrance on chemical 
identification. In most cases, peak broadening was observed and gathering 
sufficient spectral information was possible. However, in more severe cases, no 
vibrational response was observed above the background and particles were 
classified as unknown.

All subsequent post-processing of the Raman spectrum was done in Python 3.9 
using an in-house algorithm. Each collected spectrum was first smoothed using 
a Savitzky-Golay filter with a window length of 15 and second polynomial order. 
The asymmetric least squares (ALS) approach outlined by Eilers and Boelens 
(2005) was chosen for the spectral baseline correction, and the spectrum was 
vector normalized within the spectral range of interest between 600 cm-1 to 
1700 cm-1. Measured spectra were compared to the reference spectra of open-
source libraries [OpenSpecy (Cowger et al., 2020), SLoPP and SLoPP-E (Munno 
et al. 2020)] using Ocean Diagnostics’ software by a first derivative Pearson 
correlation approach.

Raman Spectroscopy
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General Linear Models (GLMs) were developed to explore which beach 
characteristics might explain the patterns in microplastics contamination on the 
beaches in the Greater Victoria Region. The models were constructed in Python 
3.9 using the statsmodels module. GLMs are based on an assumed relationship 
between the mean of the response variable and the explanatory variables. As 
microplastic data is represented by counts, and often shows non-normal and 
linear distribution in environmental samples, Poisson distribution was assumed 
in the construction of the models (Consul and Famoye 1992). The models 
were used to explore whether abundance of microplastics on beaches over 
the course of the study was influenced by 1) presence of marinas, 2) presence 
of stormwater drains and 3) beach morphology (open vs closed). Poisson link 
function was used to fit the data as follows:

Statistical Analysis

Several measures were employed to control for and evaluate the quality of the 
data collected in this study. The recruited volunteers were trained on the use of 
the field protocol and assisted in the field as required. A standardized site sheet 
was provided with each sampling kit to record site metadata and notes on the 
sampling event (Appendix C). All materials needed for the collection of samples, 
such as sieves and storage containers, were pre-labelled by Ocean Diagnostics’ 
scientists and distributed prior to sampling surveys. Feedback by the volunteers 
on the protocol use was collected using in-person interviews. 

All particles were assigned a unique number identifier as part of the Saturna 
Imaging System standard analysis. To assess the accuracy of the AI colour 
and type predictions, each particle was visually categorized and assessed by 
the trained volunteers, as described in Section 4, and compared against the 
AI outputs. When the software did not correctly identify the particle type or 
colour, visual determination was used for further analysis. 

The Pearson correlation coefficient, r, is used directly as the Hit Quality 
Index (HQI). An HQI threshold of 0.85 was established for the automated 
spectral matching analysis. A calculated HQI above 0.85 indicates matching 
successfully with no further manual examination required. A HQI below 0.85 
indicates a requirement for analyst review of the matching. In most cases, 
severely weathered particles that failed the automated matching routine were 
matched using an alternative approach (i.e., physical examination) to identify 
their polymer type. We have assumed that all physically-identified white foam 
particles were part of the styrene polymer class.

Data Quality Assurance and Control
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To date, most community science projects have focused on macroplastics 
which are more easily observed and sampled by volunteers compared to 
microplastics. Therefore, limited information exists on ideal protocols and best 
practices for sampling and analyzing microplastics by the volunteers. However, 
several scientists have highlighted the importance of having standardized, 
pre-tested simple protocols and sample data sheets suitable for your audience 
(Nel et al. 2020; Zettler et al. 2017; Rambonnet et al. 2019; Uhrin et al. 2019). 
According to Zettler et al. (2017), adding images or having videos detailing 
the sampling process can be a great asset. Indeed, this study observed that 
providing the volunteers with a simple step-by-step protocol is most effective 
in collecting reproducible data. Additional steps to improve a protocol would 
be to ensure that the protocol and any additional visual examples do not leave 
room for alternative interpretations. Furthermore, in-person training, as well 
as an introductory lesson into the issue of interest, could aid in ensuring all 
volunteers understand the protocol before sampling.

One of the challenges to efficiently collecting microplastic data is their great 
diversity in sizes, colours and morphology. These characteristics are typically 
of interest since they have ecological relevance (e.g., what species could ingest 
the particles is influenced by size) and can inform on microplastic sources 
and pollution prevention strategies (e.g., nurdles are indicative of industrial 
spills). Traditionally, data collection in shoreline samples has depended on 
visual assessments and manual measurements, particle by particle. This not 
only creates a challenge to sample analysis through-put and retention of 
volunteers, but also provides a source of potential errors through difficulty 
in standardization. To overcome this issue, we developed a camera device 
and software, the Saturna Imaging System, for rapid characterization of 
microplastics that can be easily deployed by the volunteers. It is a portable 
device that produces highly standardized images of particles that are 
numbered (Figure 2) and catalogued in a CSV file (not shown). In doing so, a 
wealth of size dimension data is generated that can help improve models to 
better understand the behaviour, sources, and retention of microplastics on 
shorelines. Also developed throughout the course of the project is an open-
access database to host the data collected by the volunteers. By integrating the 
device with the data portal, the volunteers can instantaneously analyse and 
upload the data, thus further improving the efficiency and user experience. 
The optimized procedures, the Saturna Imaging System and the data portal will 
be made available in the fall of 2022 to a cohort of schools and beach-cleanup 
organizations for expansion of the microplastic shoreline program across 
Canada.

FINDINGS
Community Science Microplastics Protocol and Technology Development 
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Figure 2. The Saturna Imaging System (top) and the data output (bottom).
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A total of 2,426 microplastics were extracted from beach samples collected 
by the volunteers in this study. The abundances ranged from 0–801 particles 
m¯2 throughout the sampling period, and the sites with the highest levels of 
recorded microplastics were Site 1 (Sidney, North Saanich Yacht Club (NSYC), 
801 particles m¯2), Site 2 (Roberts Bay Sanctuary, 169 particles m¯2) and Site 
7 (Cadboro Bay, 253 particles m¯2, Table 2). Most of the sampled particles 
consisted of foam (81.4%), followed by fragment (8.5%), line (6.5%), film (1.8%) 
and pellet categories (1.8%) (Figure 3a). Spectroscopy analysis on a subset of 
560 particles confirmed that the most abundant polymers were polystyrene 
(85%), followed by polyvinyl chloride (5%), polyethylene (3%) and polypropylene 
(3%) with a few particles being unidentifiable due to heavily weathered spectral 
signatures (1.9%) (Figure 3b).

Microplastic abundances varied up to 800-fold within each site and, in some 
instances (e.g., Sites 1, 2, 6, and 9), the highest levels of microplastics were 
represented by a single event. This highlights the importance of long-term 
site monitoring to fully understand which locations are most vulnerable to 
microplastic accumulation and to establish baseline levels. Foam, which was 
confirmed as polystyrene using a combination of spectroscopy and texture/
physical analysis, typically dominated microplastic abundances at most of the 
sites (Table 2, Figure 3a). The exceptions were Robert’s Bay, where lines were 
the dominant type of microplastic sampled by the volunteers, and Willows 
Beach which was dominated by fragments (Table 2).

The highest abundances of polystyrene were recorded on beaches 
characterized by marina and high public activity, such as the North Saanich 
Yacht Club, Cadboro Bay, Kayak Launch Amherst and Songhees Point (Figures 
3a, and 3c). The GLM models indicated that the presence of marinas was 
positively correlated with microplastic abundances in our six-month study 
(Table 4). This could point to unique sources of polystyrene on the sites 
surrounded by marinas, such as public/commercial use, mismanagement of 
materials containing polystyrene and/or boating activity, since polystyrene 
is a frequently employed as a floatation device material (Camins et al. 2022). 
However, most of the polystyrene microplastics in this study consisted 
of round pieces resembling expanded polystyrene more commonly used 
in marine applications, as opposed to extruded polystyrene used in food 
packaging. Beach morphology also played a significant role, whereby the model 
indicated that lower abundances of microplastics were associated with open 
beaches. This may suggest the low retention of microplastics on these types of 
beaches, and our future modelling studies will further explore this hypothesis. 
Interestingly, we found that the sites with stormwater drains were associated 
with low microplastic densities (Tables 1 and 3). 

Microplastic Trends on Vancouver Island Beaches
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The particles ranged from 0.5 to 5 mm in maximum size (Ferret diameter, 
defined as the longest distance between any two points along the selection 
boundary) with the median per site ranging from 1 to 4.5 mm (Figure 4). 
Microplastic sizes were generally similar across the sites, except for Willows 
Beach which had the smallest particles of all sites. Within each site, patterns 
of microplastic sizes varied considerably with some sites accumulating larger 
particles over time and others having smaller particles over time (Appendix 
Fig. 4A). These findings reveal the complex behaviour of microplastic debris 
on shorelines. Our future research exploring the relationship between 
hydrological conditions and debris size will provide further insight into the fate 
of microplastics in these systems.

When in the environment, microplastics are subject to various conditions such 
as sunlight and colonization by microorganisms. This represents a significant 
challenge in quantifying their sources and distributions as the attributes that 
help to distinguish them from natural particles can be lost. Spectroscopy is 
a common analytical tool to assess the chemical identity of plastic polymers 
in environmental samples, which combined with physical characteristics can 
inform on potential sources of plastic pollution. The technique measures 
the unique fingerprints created by the interaction of light with the surface 
of the particle. In our study, 50% of the foam particles rendered fingerprints 
indicative to strongly aged particles (weathered) that were difficult to assign to 
a polymer category (e.g., Figure 5), but their texture and white colour suggested 
polystyrene foam (Figures 2 and A1). 

This finding indicates that many of the particles found on the local beaches 
did not originate from a recent event and might have been transported from 
other places. In contrast, a significant portion of foam showed good spectral 
signatures (e.g., Figure 6), suggesting a relatively new source of polystyrene 
deposited on the beaches. With the help of community scientists, we have 
established an extensive library of Raman spectra of beach microplastics that 
could help advance capability to identify microplastics in the environment, 
which will be shared in the upcoming scientific publication. Further, the study 
underscores the need to characterize and document the changes in spectral 
signatures of plastic polymers under controlled environmental conditions for 
use in microplastic monitoring. For instance, without availability of this data, 
foam particles smaller than 0.5 mm would have been completely missed in a 
scientific assessment because particles below this size are difficult to evaluate 
based on their texture (Lusher et al. 2020).
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Figure 2. Table 2. Median (italics, particles m¯2), range (parenthesis, particles 
m¯2) and total abundance (bold, particles m¯2) for each microplastic type 
identified throughout the sampling season at the 10 different stations.
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Figure 3. The patterns of microplastic abundance on beaches within the 
Greater Victoria Region. The map shows the average microplastic 
concentrations m¯2 of the beach (a), the pie chart shows the composition of 
polymers (b) and the box plots document the spread and medians of particle 
densities m¯2 at each location (c).

Figure 4. The sizes of microplastics collected from the beach samples at 
different study sites. The box plots represent a median maximum width (mm) 
of pooled particles from the six-month monitoring as measured by the Saturna 
Imaging System.
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Figure 5. Spectral matching result of a microplastic particle collected at Kayak 
Launch Amherst site in June 2021 that is identified as polystyrene by physical 
analysis. Spectroscopy analysis yielded an unsatisfactory result due to severe 
particle weathering. (Left) Experimental Raman spectrum of the microplastic 
particle plotted in black and reference polystyrene spectrum plotted in red. 
(Right) Scatter plot of the normalized intensity of the experimental spectrum 
and reference polystyrene spectrum.

Figure 6. Spectral matching result of a microplastic particle collected at 
Cadboro Bay in September 2021 that is identified as polystyrene by both 
physical and spectroscopy analysis. (Left) Experimental Raman spectrum of the 
microplastic particle plotted in black and reference polystyrene spectrum 
plotted in red. (Right) Scatter plot of the normalized intensity of the 
experimental spectrum and reference polystyrene spectrum. 
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The prevalence of polystyrene in our study area is consistent with the 
experience and data generated by local communities and eNGOs, such as 
the Great Canadian Shoreline Cleanup, Ocean Legacy Foundation, the BC 
Marine Debris Removal Initiative and the Lasqueti Shoreline Debris Initiative. 
These groups regularly find and attempt to remove staggering amounts of 
polystyrene washing up on local shorelines in the form of pieces and large 
blocks. For instance, between 2020 and 2021, BC Marine Debris Removal 
Initiative removed 327 tonnes of plastic waste from British Columbia beaches 
of which majority were foam polystyrene (SSTOA 2020 and 2022). 

Foamed polystyrene is a lightweight insulating thermoplastic that has a variety 
of uses, including food ware, packaging, construction materials, and marine 
sectors. It can be either expanded (EPS) or extruded (XPS). While its buoyancy, 
resistance to degradation and low costs make polystyrene a popular choice in 
many applications, it represents an environmentally costly and problematic 
material. Polystyrene easily breaks up into pieces when released into the 
environment, especially on shorelines which are dynamic environments subject 
to mechanical action caused by waves, wind and currents (Kwon et al. 2015, 
Turner 2020). As a result, polystyrene can disperse and be easily transported 
over vast distances and represents one of the most common types of shoreline 
litter found worldwide (Turner 2020). Numerous marine species have been 
shown to accidentally ingest these particles, being potentially exposed to 
harmful chemicals. These may include chemicals used in the synthesis of 
polystyrene (e.g., benzoyl peroxide, azobisisobutyronitrile, emulsifiers, flame 
retardants and hexabromocyclododecane) which have been found throughout 
the world and known to accumulate in the food chain (Hwang et al. 2020). 
Further, styrene oligomers, which are constituents of polystyrene, are classified 
as possibly carcinogenic to humans by World Health Organization (WHO, 2022). 
These chemicals are widespread and persistent in the ocean, particularly in 
sand samples on beaches (Kwon et al. 2015). 

As polystyrene waste is extremely difficult to retrieve and manage, reducing 
its presence and impacts will be contingent on source control. Most of the 
polystyrene particles polluting Victoria Island beaches were in the form of 
round expanded polystyrene spheres, a kind of material that is commonly 
used in marine applications, including docks floats, buoys, pontoons and 
fish boxes (Flora & Fauna International, 2022). These materials may have 
originated from local marina activities, as suggested by the data in this study, 
or from other locations in the Salish Sea which harbours fishing, boating and 
aquaculture activities. The continuous removal of washed-up polystyrene floats 
and blocks by local clean-up organizations demonstrate that polystyrene use 
in marine applications is a significant challenge for the Salish Sea ecosystem 
(Camins et al. 2022). Encapsulation of foam floats in aquaculture is one 
solution that is being advanced at a federal level (Department of Fisheries and 
Oceans, Canada, 2022). However, other marine related sources of expanded 
polystyrene are largely left out of regulations and there is a lack of monitoring 
of polystyrene in marinas, aquaculture, and other businesses (Lasquetti Debris 

Polystyrene as the Source of Local Microplastic Pollution
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Shoreline Initiative, 2022). Local Community Scientists can play an important 
role in gathering baseline data on polystyrene pollution and through long-term 
monitoring can help better understand its relative sources and evaluate the 
effectiveness of regulations and management decisions.

Microplastic pollution is a rapidly growing problem. However, the human 
effort required to conduct robust sampling is often lacking, resulting in data 
gaps for microplastic sources, impacts and fate. In our pilot study, we have 
successfully developed tools for standardized particle analysis by community 
science programs. Fifty-one volunteers from the Greater Victoria Region 
sampled 10 sandy shorelines of varying characteristics (e.g., morphology, 
marina presence and stormwater drain presence) monthly for six months. 
This project has allowed us to establish benchmark datasets on microplastic 
abundance and composition on sandy shorelines in the study area. It also led 
to the development and validation of innovative technology for standardized 
particle enumeration and characterization, the Saturna Imaging System, and 
the open-access datahub, Mariana, for recording the data; tracking policy 
change and targeting community action; ocean management; planning and 
other interventions.

The results of this pilot study underline the need to further investigate trends 
(both temporal and spatial) in microplastics in the Greater Victoria Region. Our 
study demonstrates the great potential of sandy beach shoreline monitoring 
by communities as a tool to inform legislative and management actions while 
generating benchmark to assess their impacts. We identified best practices for 
the design and execution of community science monitoring programs and, as 
a next step, will convene local groups and stakeholders to scale microplastic 
community surveys using the tools developed in the project.

CONCLUSIONS AND RECOMMENDATIONS 
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Table A1. Proportion of the median polystyrene abundance and range in 
samples for all sites measured over six-month study period.

Table A2. Proportion of polymers at each site measured over a six-month 
study period.

Appendix A. Additional Tables and Figures
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Table A3. Results of the GLM model (Poisson distribution) where the response 
variable was the average microplastic particles•m¯2 per month per site (N=53) 
and the explanatory variables were the beach morphology (open or enclosed), 
stormwater presence (yes or no) and presence of marinas (yes or no). P-values 
below 0.01 have been bolded. 

Figure A1. The distribution of particle colors
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Definitions of all metrics collected by the Saturna Imaging System.

Appendix B. Definitions of Saturna Imaging 
System Metrics 

Page 31



Community Scientists Help Identify Local Priorities for Microplastics

Ocean Diagnostics Inc.

Sample kit is complete 

Sample containers have been picked up 

All sample containers, tins and filter housing(s) are packed and ready to go 

Have printed sample data sheet 

Have printed copy of this protocol 

Before Going To The Site

All tools and materials used for sampling have been rinsed with tap water 
and left to air dry 

Store all samples in the fridge until delivered to ODI 

Sample drop off schedule has been communicated and confirmed by ODI 

Samples have been delivered to ODI 

After Sampling

Each team member knows their role for the day 

Record start time 

Record GPS coordinates for beginning and end of transect 

Record position of all four quadrats 

Keep track and record total volume of ocean water filtered  

Ensure all samples are stored in their corresponding tin or container 
(Zone 1= Q1, Zone 2= Q2,…)  

Rinse sieve and buckets between sampling zones 

Record end time 

Sampling on site 
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Site name and number:

Sampling date (yyyy/mm/dd):

High tide at (hh:mm 24hr):   Low tide at (hh:mm 24hr):

Group members:

Note taker:

Water filterer:

Sampler(s):

Photo documentation available (circle one):  Y N

Site coordinator name:

Start time (24 hr): 

Transect length (m): 
(from top of the beach to
the current tide line) 

Transect start GPS coordinates: 

Quadrat 1 (metre mark): 

Quadrat 2 (metre mark): 

Quadrat 3 (metre mark): 

Quadrat 4 (metre mark): 

Transect end GPS coordinates: 

End time (24 hr): 

Total volume of ocean water filtered (L):

Equivalent volume filtered at stormwater outfall (L) (if applicable):

Site observations and beach conditions:

Weather (wind and direction, rain, etc...)

Transect 
information

Notes

Appendix D. Community Science Data Sheet
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