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Abstract

A community science project in the Ottawa River Watershed in Canada interacted with an existing
volunteer base to collect sediment from 68 locations in the watershed over approximately 750 km.
Ninety-one percent of the distributed kits were returned with 42 volunteers taking part in the project.
After analysis, particle concentrations were relatively low compared to previous freshwater microplas-
tic sediment research, with contributing factors including (but not limited to) the large size of the
watershed, a lower population base compared to other researched freshwater watersheds, the relative
size and discharge of the Ottawa River and the large seasonal fluxes experienced in the river basin.
Utilising community science for sampling large freshwater watersheds demonstrated its advantages
in the research, especially spatially. However, careful consideration to research design and implemen-
tation is essential for community science projects examining microplastics in freshwater sediments.
Research teams should ensure they are responsible for strict quality assurance and quality control
protocols, especially in the laboratory with sample preparation and processing. Nonetheless, commu-
nity science is potentially an extremely useful approach for researchers to use for microplastic
sampling projects over large spatial areas.

Key words: citizen science, community science, microplastics, Ottawa river, microfibres, sediment,
citizen sampling

Introduction

Microplastics have become a global concern and have been identified from the highest point on the
globe ( ) to the deepest ocean trench ( ). Microplastics are defined
as plastic pieces less than 5mm ( ) and can be classed as either primary microplas-
tics, manufactured at this micro-scale, or secondary microplastics that have fragmented from larger
plastics. Microplastic pollution continues to increase at alarming rates and now is considered the

primary constituent of marine debris ( ; ; ). As microplas-
tics are small, they are considered bioavailable to various organisms, thus have the potential to sorb
and (or) release toxic chemicals, with potential transfer through the food chain ( ;

)- To date, a larger proportion of microplastic research has focused on the marine
environment, however, increased attention has been given to freshwater systems, especially rivers that
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have been identified as the major conduit of plastics to marine areas with between 1.15 and
2.41 million tonnes of plastic waste entering oceans via rivers annually ( ). With
only limited microplastic research in freshwater systems, approximately 4% compared to marine
research ( ), and with even less microplastic research focused on
Canadian river systems ( ; ; ;

; ) it is important to increase the scope of microplastic research in freshwater
systems to enhance the understanding of microplastic inputs, outputs and sinks throughout
freshwater watersheds. Microplastic concentration in river systems can be highly variable both
spatially and temporally, indicating that researchers are only at the early stages of understanding these
mechanisms ( ).

Community science is a potential technique to expand spatial monitoring for microplastics,
especially across large project areas. Community science can be defined as scientific research and
monitoring whereby members of the public collect, categorise, transcribe or analyse scientific data
( ). However, very few microplastic projects have adopted this approach to data
collection. As with microplastic research in general, initial community science projects were focused
on the marine area, including the International Pellet Watch (IPW) and community science projects
monitoring for the plastic ‘nurdle’ ( ). It can be assumed that freshwater commu-
nity science microplastic monitoring is still being evaluated as a valid complementary research tool
( ), nevertheless, it has been applied previously at the watershed scale examining
microplastics in river water ( ; ). Previous research in the
Ottawa River determined that for community science projects, larger volumes of water were required
to gather representative microplastic counts in river water ( ), thus, an easier
approach to community science as a spatial research tool was to evaluate the collection of beach
sediments that are more easily accessible and potentially contain a greater concentration of
microplastics.

Community science has been criticized and not necessarily accepted as a valid method of scientific
investigation, with papers containing community science components traditionally finding difficulty
in publication acceptance ( ). Concerns arise due to potential error, bias, reliability
of data collection or concerns over the data quality ( ), as well as the lack of
appropriate protocols, training, or oversight. There are also concerns of replicability, comparability,
and completeness of the data contributed by volunteers. Subsequently, Community Scientists, and
(or) their data are often not considered in management decisions ( ;
). However, community science can present substantial benefits (

) and future microplastic research should strive to incorporate community science, particularly

when larger spatial scales are involved ( ).

The objective of this research was to work with Community Scientists to collect near-shore river
sediments for the analysis of microplastics at the watershed scale. In addition, we evaluated the
potential of community science collected samples as a viable complementary spatial analysis tool for
microplastic research in freshwater systems.

Study region

The Ottawa River is a designated heritage river in Canada due to its cultural, economic and ecological
importance. The river is considered the major tributary of the St. Lawrence River, and flows from its
headwaters at Lac des Outaouais in Quebec, Canada, to Lake of Two Mountains (Lac des Deux
Montagnes), near Montreal, Quebec, approximately 1 272 kilometers in length ( ). The Ottawa
River watershed is large with an approximate area of 146 000 km? (greater than the area of
England) making it difficult for single research or monitoring teams to collect representative samples

FACETS | 2023 | 8: I-I5 | DOI: 10.1139/facets-2022-0104 2


http://dx.doi.org/10.1139/facets-2022-0104
http://www.facetsjournal.com

FACETS Downloaded from www.facetsournal.com by 108.168.126.76 on 03/06/23

ACETS

The Ottawa River watershed boundary and main channel with the Community Scientist sample locations.

from the watershed. The average flow of the Ottawa River, measured at the Carillon Dam
(approximately 30 kilometers upstream of the terminus) is 1 950 m*/s, with daily minimum recorded
at 306 m®/s in 1971 and a maximum daily flow of 9217 m>/s in 2019 ( ).
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The group of volunteers who participated in the community science project come from an established
volunteer network through the non-governmental organization Ottawa Riverkeeper, who participate
in monitoring various river water quality indices throughout the watershed including tributaries of
the Ottawa River. With such an expansive watershed, this volunteer base, known as the
‘Riverwatchers’, increases the spatial scope of monitoring various pollution indicators and have
previously contributed community science work monitoring microplastics in river water (

). Additionally, members of the Riverwatch network have ties to other volunteer and community
networks that in turn can increase the spatial reach of the research. For example, some additional
groups and community members who took part in the sampling along with a Riverwatcher
Community Scientist included school classes, community centre groups, a rafting club, as well as
interested youth participants.

The community science network

Methodology

A total of 47 sediment sampling kits were distributed to Community Scientists. Sampling kits were
handed to the Community Scientists in May 2019, after the Ottawa River freshet. Once the
Community Scientists received the kits, they were free to sample during the late spring and summer
period of 2019. Sample dates from the received sediment were between June and September
(inclusive) of 2019. Each kit consisted of three containers for three bulk sediment samples, a paper
250 millilitre (mL) cup, and a bright pink string. Additionally, each kit contained an instruction sheet,
and all materials were contained in a post-paid box addressed to the Aquatic Ecosystems and
Environmental Change Laboratory address at Carleton University in Ottawa, Canada ( ). The
kits were handed out during an information session where the aims and desired protocols of the
project were conveyed to the volunteers. Sampling procedures were based on the sampling protocol
in . Four 250 mL grab samples were collected at one-metre intervals parallel to
the shoreline. The research team indicated the optimal place to sample the shoreline was at a distinc-
tive debris line on the shore, where the river level would have been before receding. The Community
Scientists used the container, the length of rope (coloured bright pink to distinguish any possible
contamination in the processing of samples) and a paper cup that held approximately 250 mL of
sediment, for four collections pertaining to a 1 L bulk sample for one of the containers. The rope
was pre-marked indicating one metre intervals, thus the volunteers collected one sample at the end
of the rope, then at each of the two one-metre marks, and finally at the other end of the rope,
representing the four 250 mL collections. Additionally, the rope had metal nails at each end to hold
it in place during collection.

Community Scientists were asked to use their own trowel for the sediment collected and it was
suggested that it was a metal trawl if possible. Each Community Scientist was provided with three
containers and given the option to sample one location (utilising one to three of the containers), or
at three different locations. The Community Scientists filled out the provided information sheet that
included their name, GPS coordinates, location name, description of the sediments, and clothing
colours worn during sampling. The Community Scientists then packed the bulk sample into the
aforementioned pre-paid postal box and sent the sample to the laboratory where it was stored in a
dark fridge for processing.

The research team trialed the sampling protocol at various shorelines in the Ottawa River watershed
to test the methodology, including laboratory processing and analysis, as an evaluation before
presenting the protocol to the Community Scientists ( and 52).
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(A) Pre-paid postage box used by Community Scientists to return samples. (B) A container, trowel, paper
cup, and string used for collection by the citizen scientists. (C) and (D) Pictures of debris layers after a spring
flooding.

Additional analysis included exploring significance between urban and non-urban area concentra-
tions, comparing lake areas to higher flow sections of the river, and comparing between the main
channel and tributaries. Various t-tests were performed to establish any significance between these
variables.

Laboratory analysis

Sediment preparation and density separation were based on the oil extraction protocol (OEP)
( ), with some modifications to adjust for processing times due to the large amount
of sediment. The OEP was chosen as it uses canola oil as reagent, whereas other density separation
techniques use harsher chemicals. For example, though zinc bromide (ZnBr,) has demonstrated the
ability to extract higher density polymers, up to 1.7g cm ™ ( ), canola oil’s lower toxic-
ity was a factor in selection as ZnBr, may pose a threat to health or the environment if mismanaged
( ). Additionally, canola oil does not typically react with the fibres, thus there should
be no changes to the structure and (or) the colour of fibres during density separation. Furthermore,
an additional advantage of canola oil is cost, especially for larger projects, where it can become an
important factor. For example, sodium iodide (Nal) can be an effective additive for density separation,
separating plastics up to 1.6g cm™>, however, where canola oil may cost approximately
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$0.96 Canadian dollars (CND) per sample ( ), Nal can cost approximately
$90.00 CND per sample and ZnBr, approximately $922 CDN a sample ( ).
Another commonly used reagent for density separation is sodium chloride (NaCl), which can be as
cost effective, approximately $10.00 CDN a sample ( ). However, NaCl typically
only recovers lower density plastics, up to 1.2 g cm™> and could lower recovery rates significantly
for environmental samples ( ). Furthermore, some of the brine solutions for density
separation are based on the specific density of the solution, therefore, exclude certain polymer types
with higher densities such as Polytetrafluoroethylene (PTFE) ( ). Recent testing
on canola oil has highlighted the capability of extracting microplastics in the density range from
11-1760 kg m~> and in the size range from 0.02-4.4 mm ( ).

An additional factor to consider for density separation for larger projects is processing time.
Comparatively, the OEP has a relatively short processing time when compared to other extraction
procedures. For example, the OEP does not retain high amounts of organic material, whereas other
reagents such as calcium chloride (CaCl,) requires overnight settling due to higher amounts of

organic material that requires longer settling times ( ). Laboratory tests do confirm
good recovery for the OEP, with an average recovery rate of 96.2% (+2.2%) ( ).
Additionally, other oil extraction protocols, for example castor oil ( ), also exhibit good

recovery rates in laboratory tests (99% + 4%). However, when oil extraction protocols are applied to
some environmental matrices, recovery rates may decline. For example, the castor oil protocol
recovery rates drop to approximately 75% (+ 13%) when used on riverine suspended solids
( ). Nonetheless, did apply the OEP validation by spiking beach
samples of various grain sizes to try and represent real word conditions for extraction, rather than
examining efficiency rates purely on laboratory testing.

Each sample was prepared under a laminar flow hood, transferred to a metal tray, and covered with
foil before being transported to an oven for drying. Each sediment sample was dried in an oven at

70 °C ( ), which is considered to be below the melting point of all common
polymers. Furthermore, 70 °C would not provide conditions that could alter the inherent shape of
polymers that may be in the sample ( ). Drying times were between

6 and 72 h, dependent on the moisture levels of each received sample. Once a sample was dried, a
dry weight of the sample was calculated and transferred to a laminar flow hood for density separation.

The samples received were a variety of grain sizes (it was stipulated in the presentation to the
Community Scientists, an ideal sediment size range), thus, the first step after drying and before
density separation was to put the sample through a 2 mm sieve and 1 mm sieve, with visual inspection
for particles after each sieving. The canola oil was prepped for analysis by filtering it through a
100-micron mesh, to remove possible contamination within the canola oil vessel. For density separa-
tion, 100 g of the (dry) sediment sample was placed in a 500 mL beaker. Two hundred millilitres of
deionized water were then added to the beaker. A clean glass stirring rod was used to swirl the water
to create a vortex, so the entire sediment fraction was submerged in the water. After a short settling
period, 10 mL of filtered canola oil were added to the beaker and the sediment stirred vigorously for
30 s so the canola oil would come into contact with the entire sediment fraction. The mixture was
then left to settle until the oil layer separated fully to the top of the water. Once separation was
completed, the oil and water were decanted from the sediment into a separatory funnel. The beaker
sidewalls were then rinsed to dislodge any particles and the water and oil layer decanted again into
the separatory funnel. The above process was repeated until the separatory funnel was three quarters
full, then shaken vigorously for 30 s to ensure any plastics dislodged during decanting were
re-introduced back into the oil layer. The mixture was then left to settle until the oil and water layers
separated. Once settling was complete, the oil layer with plastic particles was retained and the water
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and sediment layers were released and discarded. The oil layer was then emptied into a vacuum filtra-
tion system with an 80-micron pre-inspected mesh. The filters were then backwashed into a petri dish
and the filter and petri dish contents examined for microplastics under a stereomicroscope. Identified
particles were then separated into fragments and fibres, and the colours of each fragment and fibre
were noted.

Quality control and quality assurance

During sediment sample processing, a total of nine laboratory blanks (beakers filled with DI water)
were placed in various locations under the laminar flow hood during processing, to account for the
potential of airborne contamination in the laboratory. These controls averaged 0.78 fibres per blank,
with the greatest concentration being three fibres in a single control sample. The Community
Scientists were not asked to conduct field controls, as it would have complicated the sampling
procedure. A previous community science project in the Ottawa River watershed noted that even with
detailed and concise sampling protocol sheets and sampling methodologies that are presented
thoroughly to the Community Scientists, the chance for errors in sampling, especially conducting
controls, is higher with volunteers ( ). Instead, the detailed sample sheet included
information on clothing type and colours to determine potential contamination, and it was expressed
to the volunteers during the methodology presentation to try and limit the exposure time of the
containers as much as possible to reduce the potential of airborne contamination in the field.
Additionally, as the postage boxes were limited in size, the research team chose to include a third
sampling container rather than an empty container that could have been a control. The research team
noted the colour of clothing worn by the volunteers while processing the specific samples at the labo-
ratory and did not count fibres of the same colour if they were extracted from the sample.

Results

Of the 47 distributed kits for sediment analysis, a total of 43 were returned, representing a return rate
of 91%. There was a total of 42 volunteers who submitted a total of 68 locations in the Ottawa River
watershed ( ). Of the samples received, two samples were discarded (one sample contained only
sticks, leaves, and other dry material without sediment, while the other sample was damaged when
received at the laboratory). Thus, 95% of the samples received were analysed. The distance between
the most upstream and downstream locations was approximately 750 km. There were 56 locations
sampled on the main channel of the Ottawa River with 12 locations on tributaries. These locations
included five samples on the Gatineau River, one location on the Rideau River, one location on the
Madawaska River, one location on the Bonnechere River, two locations on the Kipawa River, and
two locations on the Kinojévis River. The largest concentration of samples received were centred in
or close to the Ottawa/Gatineau urban area.

Approximately 101 kg dry weight of sediment was received in the laboratory. Of the sediment
received, the average dry weight of the samples was 1.5 kg. Of the suspected microplastic particles
observed from the samples, 77% were fibres and 23% were fragments. Of the fibres observed, the most
common were blue (approximately 69% of the fibres), green 16%, red 5%, and black 4%. The main
fragment colours were blue at 39%, white at 37%, and clear at 20%.

All of the samples received contained suspected microplastics and (or) anthropogenically modified
fibres. For the concentration of identified particles, the overall average concentration was 0.06
particles per 100 g of dry weight ( and 52). The highest concentration
was 2.30 particles per 100 g dry sediment with the lowest concentration <0.001 particles per 100 g
of dry sediment. The majority of the samples, 85%, were under 0.10 particles per 100 g of
sediment ( )
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Distribution of sample concentrations using weighted circles from each Community Scientist location.

Although the particle counts were relatively low, several spatial characteristics were evident with the
data. The average particle count per 100 g of sediment in the 29 identified urban locations was
0.60, with a slight increase in the 11 Ottawa/Gatineau urban area locations. The northern end of
Lake Temiskaming (the wider part of the lake) demonstrated an average of 0.74 particles per 100 g
of sediment from nine samples, slightly higher than the overall average. For these comparisons, a
t-test was also conducted to highlight if there was any statistical difference between urban and
non-urban locations (including comparing Ottawa/Gatineau sample points to the rest of the sample
points), and between Lake Temiskaming and the other river locations. These three t-tests were not
significant. However, a t-test was performed between tributary locations (an average of 0.25 particles
per 100 g of sediment) and the main channel of the river (0.64 particles per 100 g of sediment), and
the difference in concentration was significant with a p-value of <0.001.

The final counts of each location were added to a Google map, where the Community Scientists could
access to explore the results, while comparing other locations to their own throughout the watershed.
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Additionally, a presentation was given to the Community Scientists where the research team talked
about the process and the results to the Riverwatcher members, while giving input and evaluating
the process as a whole.

Discussion

Particle concentration was relatively low when compared to previous studies of concentrations in
freshwater sediments. For example, the collection methodology was based off ,
and dry sediment concentrations on the Thames River and tributaries in the United Kingdom
presented an average concentration of 66 (+7.7) particles per 100 g and a minimum value of
18.5 (+4.5) per 100 g, with the equivalent maximum value in the current research of 2.30 particles
per 100 g and a minimum of 0.07 particles per 100 g. Lake Ontario in Canada presents an even larger
disparity, with reporting values consistently over 50 particles per 100 g, with a
maximum of approximately 2 800. Even previous research on the Ottawa River highlights higher con-
centrations, except in underwater or wet sediments, where notes a concentra-
tion of 22 particles per 100 g at Petrie Island in Ottawa, Ontario. One Community Scientist
sampled at this location and the dry sediment nearshore concentration was 0.50 particles per 100 g.
Furthermore, the Ottawa River drains into the Saint Lawrence River in Quebec and

noted a mean wet sediment concentration of 83.2 (+15) particles per kg with values reported
between 6.5 and 756.2 particles per 100 g of sediment.

Several factors could contribute to the large difference in values. As highlighted, wet sediment concen-
trations under the water in Canadian freshwater river systems tend to present much higher concentra-
tions than those reported in the current research. This can indicate the shoreline is not a substantial
sink of microplastics in the Ottawa River watershed. This is in agreement with previous research, with

suggesting fibres do not tend to settle in river sediments as often as fragments.
Additionally, the constant rise and fall of river water can displace microplastics from sediments
( ) and subsequently move them to the water column, sending microplastics
further downstream to settle again, or even transported to marine environments. This is relevant in
the Ottawa River watershed especially as the Ottawa River experiences two peak flows during the
spring freshet season downstream and one peak flow upstream, due to the pattern of spring melts
in the river basin and the unregulated inputs from the tributaries. This may move and (or) remove
shoreline microplastics. With such a large dynamic river system, the lessened potential for microplas-
tic deposits settling for a significant amount of time could render shoreline microplastic deposits an
insignificant microplastic sink.

While examining other river watersheds and comparing to the Ottawa River, watershed size, the
population base, and river discharge rates are important factors to consider. Previous research on
microplastic concentration in sediment in the Thames River ( ) and the Atoyac
River in Mexico ( ) is compared to the Ottawa River in . Additionally, the
Ottawa River watershed is in constant seasonal flux (more than rivers in more temporal zones, for
example) making microplastic deposition on shorelines a dynamic and constantly changing
phenomenon.

The only statistically significant spatial pattern to draw from the results in the community science
project was the difference in concentration along the main river channel compared to the tributary
locations. Generally, the tributaries of the watershed do present lower population bases compared to
the main channel, where the majority of the population of the watershed resides. However, comparing
the urban areas to the average particle concentration did not present any obvious spike, which could
further demonstrate dry sediments are not a significant sink in the watershed. This presents the need
to examine wet sediments of the watershed at a larger scale to evaluate the potential as a microplastic
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Table 1. Comparing the Ottawa River to the Thames River (United Kingdom) and the Atoyac River (Mexico)
in terms of population, watershed size, average river flow, and particle concentrations reported in dry sediments
(Thames and Ottawa rivers) and wet sediments (Atoyac River).

Approximate population Approximate Average Average
in the watershed watershed river concentration
River Name (million) size (km?) flow (m>/s) (per 100g)
Thames River, 13 12935 65 66 (£7.7)
England
Atoyac River, Mexico 2 4135 440 113 (+7.28)
Ottawa River, Canada 2 140 000 1950 0.06

sink, and the need to gather more information on the significance of microplastic contamination in
underwater sediments of a large watershed

Evaluating the community science methodology

With a well-planned methodology and sampling, community science can provide a spatial coverage
that would otherwise be more time consuming and difficult for a research team. Furthermore, the
research team has greater control over QA/QC in laboratory processing as they receive the samples
from the field and can follow set protocols to minimise the potential of contamination during sample
processing, which would be complicated for Community Scientists to complete without specialised
equipment and training. However, sampling for microplastics in sediments did pose some difficulties
and potential obstacles to address if subsequent community science projects attempt to use similar
protocols as in the current research.

In such a large watershed, it is ideal to sample as much shoreline sediment as possible at each location,
as the Ottawa River has many large beaches throughout the watershed, and it is important to obtain a
good representative sediment sample. However, the volume of sediment processed can be an arduous
task. The amount of sediment requested for each location must be balanced with the potential
processing time in the laboratory, especially with time consuming sample preparation, density separa-
tion and sample inspection (including chemical analysis). These factors must be carefully considered
in the project design as they can impact the practicability of a potential sediment microplastic
community science project.

One of the limitations to the current research was the lack of a direct comparison of sampling as a
validation to the Community Scientist samples. The research team evaluated the sampling protocol
before the Community Scientists used the methodology to collect their samples. However, one
improvement to the research methodology would be for the research team to sample concurrently
with the Community Scientists, with an adequate number of samples to enable enough data for
comparison and validation of the community science methodologies.

Another consideration with the current research is that it has mirrored previous community science
project design for freshwater plastic pollution sampling, where there is only a contributory focus for
the Community Scientists (Cook et al. 2021). This is where the projects are designed by scientists
while the members of the public primarily contribute data. This enables the research team to have
more control over QA/QC through various, often strict, sample processing protocols. Nonetheless,
there has been suggestions that the path forward to fully realise the full benefits of community science
is to adopt a more collaborative approach (Buytaert et al. 2014; Cundill and Fabricius 2009; Haklay
2013). This approach for community science in freshwater microplastic research empowers the
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Community Scientist to be involved in sampling, processing, analysing, and even disseminating the
results. This would be the next logical step to increase community science capacity, while potentially
presenting community science as a viable, mainstream option to research teams in microplastic
research.

Conclusions

Community science programs provide an advantage to microplastic monitoring and sampling,
especially in large watersheds where spatial scales are large. With robust project design and imple-
mentation, established community science or volunteer networks within watersheds can provide
spatial monitoring in addition to local knowledge, advocacy while being engaged in the watershed
and the issues that may affect their place of residence or vacation. However, monitoring for micro-
plastics in dry sediments in a large watershed does present disadvantages. As beaches and shorelines
in the Ottawa River watershed can be large, obtaining representative sediment samples can be
difficult. Increasing the target amount of sampled sediment can be an option, however, this compro-
mise increases sample preparation and analysis time in addition to potentially creating issues trans-
porting large amounts of sediments to laboratories for analysis.

The results of the research presented comparatively low particle concentrations when compared to
previous research in freshwater sediments. This would suggest in the Ottawa River watershed that
microplastics in shoreline sediments are not a significant sink. Further research is needed to establish
the potential role of wet or underwater sediments as microplastic sinks in the watershed.

Community science has provided a useful tool in expanding spatial coverage for microplastic
monitoring in the Ottawa River watershed, however, careful research design and implementation
are critical for successful implementation and to ensure research integrity. It is recommended that
for future community science projects focussing on microplastic sampling in large watersheds, there
is a necessity to develop large volume water sampling methods conducive to community science
sampling projects. Furthermore, for sampling sediments, there needs to be an expansion to include
sampling wet sediments and to evaluate methodologies that can be implemented for Community
Scientists. Currently, community science in microplastic research still only focuses on a contribution
approach, where Community Scientists only sample and contribute these samples to the researcher
for analysis. For community science to expand further while contributing useful and valid data, it is
essential to design methodologies where the Community Scientist is collaborative, involved in sample
processing, data analysis and even data dissemination. This can increase community science capacity
in Canada while potentially creating monitoring and watch programs where Community Scientists
become an integral part of the research.
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