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Abstract 

 
Microplastics have become a contaminant of emerging concern because they have been  

characterized as a ubiquitous and persistent pollutant. At < 5 mm in size, these particles have 

proven to generate a multitude of physical and chemical effects in organisms at varying trophic 

levels. However, there have been few baseline studies examining long-term microplastic 

pollution trends in remote boreal lakes. In the present study, we sought to determine the 

difference in microplastic abundances between recently deposited surface (depth = 0-5 cm) 

sediments and pre-industrially deposited deep (depth = 30-35 cm) sediments in Lake 378 and 

Lake 373 at the International Institute for Sustainable Development-Experimental Lakes Area in 

Northwestern Ontario, Canada. We collected three replicate sediment cores per lake and 

sectioned each core to collect recent and pre-industrial sediment samples. Laboratory analysis 

was then conducted to extract particles from sediment samples, before counting, measuring and 

visually categorizing them by shape and color. Mean particle abundances in recently deposited 

sediments were not significantly different from pre-industrial sediments in Lake 378 (p = 0.151) 

and Lake 373 (p = 0.376). There were also no significant differences between the mean sizes of 

particles in recently and pre-industrially deposited sediments for both Lake 378 (p = 0.961) and 

Lake 373 (p = 1.000). In Lake 378 and Lake 373 the highest percent abundances of recovered 

particle shapes in recent sediments were fragments and fibers, while pre-industrial sediments 

were largely composed of fibers. No notable differences were observed in the colors of the 

recovered particles from recent and pre-industrial sediments for both lakes. Based on the results 

of this study, recently deposited sediments do not show significant differences in abundance and 

particle characterization from pre-industrially deposited sediment. Further investigation through 

the chemical analysis of recovered particles is needed to confirm these findings.   
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1. Introduction 

 Plastic production has been rising exponentially over the past several decades, since the 

mass production of plastic materials began in the mid-20th century (Ryan, 2015). From 2014 to 

2016 alone, production rose by 44 Mt, reaching a total of 355 Mt (Peng et al., 2018; Rochman et 

al. 2019). Accordingly, plastic pollution in aquatic environments has risen, with an estimated       

10 000 tons/year entering large waterbodies like the Laurentian Great Lakes (Hoffman and 

Hittinger, 2017).  Microplastics, plastic particles < 5mm in size, have become a contaminant of 

emerging concern as recent studies have discovered these particles in various biotic and abiotic 

environmental compartments in aquatic ecosystems, including sediments (Li et al., 2018; Pedà et 

al., 2016; Shruti et al., 2019).  

As microplastics are a diverse contaminant class, the sources that release them into the 

environment are similarly numerous (Rochman et al., 2019). Microplastics are divided into two 

broad categories: primary and secondary. Primary microplastics such as plastic pellets are 

particles that have been manufactured to a size of < 5 mm (Wright, Thompson and Galloway, 

2013). These particles can enter waterways through drainage from industrial plastic 

manufacturing plants among other sources (Castañeda et al., 2014). In contrast, secondary 

microplastics are derived from the degradation of larger plastic particles mechanically, by 

photodegradation or other weathering processes (Wright, Thompson and Galloway, 2013).  This 

class of microplastics can enter waterbodies through a variety of pathways, including littering 

along shorelines, surface runoff from nearby communities and the release of effluent from 

wastewater treatment plants (Corcoran et al., 2015).  

Unlike their macroplastic counterparts, microplastics have not been widely studied 

(Vaughan, Turner and Rose, 2017). However, suspected adverse impacts on water quality and 
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biota, identified by a growing volume of literature, have made microplastics a contaminant of 

interest in aquatic ecotoxicology research. Microplastics have proven to be a persistent pollutant 

with the capabilities to both leach contaminants into their surrounding aquatic environment and 

adsorb compounds from water (Faure et al., 2015; Näkki, Setälä and Lehtiniemi, 2017; Sanchez, 

Bender and Porcher, 2014). Preliminary studies of species at varying trophic levels have 

displayed adverse effects from interactions with microplastics. For example, in a laboratory 

setting Sjolemma et al. (2016) observed reduced algal primary production in water exposed to 

microplastic contamination. A laboratory exposure study conducted on European sea bass 

(Dicentrarchus labrax) observed that consumption of microplastics functionally degraded fish 

digestive tracts (Pedà et al., 2016). Therefore, observing the abundance and distribution of 

microplastics in natural settings is required to improve the understanding of the extent to which 

organisms are exposed, and in turn the severity of these impacts at environmentally relevant 

concentrations.  

The characterization and classification of microplastics in environmental samples has 

increasingly allowed for the prediction of potential effects in aquatic environments. For example, 

in studies of aquatic environmental compartments, secondary microplastics have been identified 

in samples as they are typically colored particles of varying shapes due to their multitude of 

sources and exposure to weathering (Shruti et al., 2019). Certain types of secondary 

microplastics, such as those that are colored white or muted shades, have proven to be an 

ingestion hazard for many aquatic organisms, including zooplankton and planktivores, because 

of their resemblance to these organisms’ prey (Shruti et al., 2019; Wright, Thompson and 

Galloway, 2013). In contrast, primary microplastics are uniformly colored and shaped particles, 

making them less likely to be mistaken for prey by aquatic organisms (Kaposi et al., 2014). 
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Nonetheless, these plastics appear to be more susceptible to leaching chemical contaminants 

which may hinder the early developmental stages of some marine organisms (Nobre et al., 2015). 

Therefore, characterizing microplastic pollution in environmental compartments is instrumental 

to determining the types of impacts to which ecosystems may be exposed.  

For the past several decades, freshwater lakes have been considered as “catchment-scale 

sinks” for a variety of contaminants, thus making it possible to track temporal pollution trends 

through sediment-core analyses (Turner et al., 2019). Specifically, remote lakes with greater tree 

cover and headwaters with fewer tributaries decrease sources of sediment resuspension, such as 

wind and hydrodynamic forcing, which may encourage solid contaminants like microplastics to 

be more readily deposited (Bai and Bai, 2005; Claessens, 2011). Performing radiometric dating 

on sediment cores and analyzing contaminant concentrations at various depth intervals 

throughout a core has proven to be a useful method for collecting proxy data to track historical 

environmental pollution and study temporal trends (Donazzolo, Orio and Pavoni, 1982). As 

microplastics are a contaminant class of emerging concern, no long-term monitoring data is 

available to determine trends in the abundances and types of microplastic pollution that have 

affected the environment over time (Barnes et al., 2009). The persistent nature of the pollutant 

combined with favorable contaminant deposition conditions would suggest that microplastic 

deposition in certain remote lake sediments could be used to characterize past pollution through 

paleolimnological studies.  

Nevertheless, research examining the accumulation of microplastics in sediments over time is 

relatively rare and the majority of studies that consider this question analyze marine sediments 

(Table 1) (Sruthy and Ramasamy, 2017; Yao et al., 2019). Early studies on microplastic 

pollution in aquatic sediments at sites located close to urban centers have observed a negative 
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correlation between sediment depth and microplastic concentration. Observational studies 

conducted in brackish and marine water environments have previously displayed this trend with 

microplastic abundances increasing in sediment layers deposited from the mid-to-late 1900s 

onwards (Claessens et al., 2011; Matsugama et al., 2017; Willis et al., 2017). However, one such 

study of marine sediments on the Irish continental shelf observed low levels of microplastics 

below sediment layers dating back to the 1940s, suggesting that there may be environmental 

factors affecting the accuracy of proxy data (Martin et al., 2017). A recently published study 

examining a temporal trend in microplastic deposition found that freshwater lake sediments 

showed a defined increase in microplastic abundance starting in deep sediments that date back to 

the 1950s—around the time when mass production of plastic products began (Turner et al., 

2019). These findings suggest a need to further examine the potential for using freshwater lake 

sediment analyses as proxy data to account for the lack of monitoring data.  

It is important to note that within the limited literature studying the temporal trend of 

microplastic deposition and microplastics in freshwater sediments, the majority of study sites 

were located in close proximity to urban rivers and lakes likely because they are the most 

accessible for sampling (Table 1). Between two studies that examined remote, mountain lake 

sediments, one study focused on addressing a knowledge gap on the spatial distribution, 

abundance and types of microplastics in remote freshwater lake sediments but neglected to 

consider temporal trends (Zhang et al., 2016). The second study examined temporal trends in 

remote mountain lake sediments, but this analysis was used solely as a control to quantify 

laboratory contamination of marine sediments during sample processing (Matsugama et al., 

2017). Consequently, there is little information on the use of remote lake sediments to collect 

proxy data and characterize past microplastic pollution in aquatic ecosystems.  
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However, studies have shown differences emerging in sources and abundances of 

microplastic pollution observed between urban and remote waterbodies. Current literature on 

microplastic abundances and types in aquatic sediments has suggested that the input of 

microplastics to fresh waterbodies and their sediments depends on local land uses (Castñeda et 

al., 2014; Claessens et al., 2011). Urban aquatic sediments have shown to contain larger ranges 

of microplastic abundances, greater varieties of color and a diversity of typically denser shapes 

like beads and fragments in addition to fibers (Castañeda et al., 2014; Martin et al., 2017; 

Matsugama et al., 2017; Turner et al., 2019). This has been attributed to the greater number of 

point sources and pathways of pollution in urban environments, like surface runoff, wastewater 

effluent and industrial drainage (Ballent et al., 2016; Castañeda et al., 2014). 

The characterization of microplastic pollution in remote aquatic sediments thus far has 

mostly been conducted in mountain lakes (Matsugama et al., 2017; Zhang et al., 2016). These 

studies have displayed relatively smaller, fiber-dominant ranges of microplastic abundances with 

lower maximum magnitudes than those in densely populated, urban regions (Castañeda et al., 

2014; Matsugama et al., 2017; Zhang et al., 2016). It has been hypothesized that atmospheric 

fallout is the most likely source of these fibers (Dris et al., 2015; Dris et al., 2016; Willis et al., 

2017; Zhang et al., 2016). Though these lakes might also be subject to microplastic exposure 

from surface runoff, fewer point sources may make such pathways less dominant in remote 

environments (Zhang et al., 2016). However, the inadequate study of remote lakes in a greater 

variety of ecosystem types has made it difficult to accurately draw conclusions about whether 

spatial and temporal trends in microplastic deposition observed in urban environments are 

different from those in remote waterbodies. 
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Table 1: Summary of studies observing spatial and temporal trends in microplastic deposition occurring in aquatic environments.  

Reference 

Study Design Results 

Location 

Number of  
Waterbodies 

Observed 
Waterbody 

Type 

Water 
Salinity 

Category 

Anthropogenic 
Development 

Category 

Studied Microplastic 
Abundance Trends in 

Sediment Samples 

Microplastic 
Abundances in 

Surface 
Sediments 

Most 
Commonly 
Observed 

Shapes  Result of Observed Trend 

Vaughan et al. 
(2017) 

Birmingham, 
United 
Kingdom 1 Lake Freshwater Urban Spatial distribution trend 

250-300 
particles/kg dw fiber, film 

Greater diversity of microplastic types in nearshore 
compared to deep sediments. 

Castañeda et 
al. (2014) 

Ontario, 
Canada 4 

Connected 
Lake and 
River system Freshwater Urban Spatial distribution trend 

0-136 926 
particles/m2 bead 

Ubiquitous and abundant along the river system, high   
variation in abundance between sites. 

Turner et al. 
(2019) 

London, 
United 
Kingdom 1 Lake Freshwater Urban Temporal distribution  trend 

0-539 particles/kg 
dw 

fiber, 
fragment 

Microplastic presence and abundance increased towards 
the surface of the sediment cores after the 1950s. 

Zhang et al. 
(2016) 

Tibetan 
Plateau, 
Tibet 4 Lake Freshwater Remote 

Comparison between remote 
sediments and previously 
studied urban sediments 8-563 particles/m2 

sheet, fiber, 
fragment, 
foam 

Microplastics detected at all sites at levels comparable to 
urban waterbodies but were unevenly distributed around 
the lake.  

Ballent et al. 
(2016) 

Ontario, 
Canada 1 Lake Freshwater Urban Spatial distribution trend 

20-27 830 
particles/kg dw 

fiber, 
fragment 

Microplastic abundances were higher near point source 
pollution and in nearshore sediments, spatial variability 
was observed. 

Su et al. 
(2016) Taihu, China 1 Lake Freshwater Urban 

Comparison between water, 
sediment, phytoplankton and 
clam samples 

11-234.6 
particles/kg dw fiber 

Highest microplastic abundance detected in plankton net 
samples followed by sediment samples that were collected 
in the most contaminated area of the lake. Abundance in 
clams negatively correlated to abundance in sediments. 

Matsugama et 
al. (2017) 

Thailand, 
Malaysia, 
Japan, South 
Africa  4 Ocean Marine 

Urban (9/11  
sampling sites)               
Remote (2/11 
sampling sites) 

Spatial and temporal 
distribution trends  

100-1900 
particles/kg dw 

fragment, 
fiber 

Increase in microplastic abundances observed in sediment 
layers after 1950s, with highest concentrations occurring 
around 1990s. Abundance in sediments appeared to vary 
spatially and based on proximity to point source pollution. 

Claessens et 
al. (2011) Belgium 1 Ocean Marine Urban 

Occurrence, spatial and 
temporal distribution trends 

48.7-390.7 
particles/kg dw 

fiber, 
granule, 
film, 
spherule 

Increase in microplastic abundances observed from deep 
to surface sediments. 1993-1996 sediment layers had less 
microplastics than layers deposited in 2005-2008. 
Abundances varied spatially, highest concentrations of 
microplastics were observed in nearshore sediments. 

Willis et al. 
(2017) 

Tasmania, 
Australia 1 Estuary Brackish Urban 

Spatial and temporal 
distribution trends 

Core A: 475.7 
particles/kg dw                       
 
Core B: 687.5 
particles/kg dw  fiber, sheet 

Temporal trend observed with microplastic abundance 
tracking historical increases in plastic production and 
pollution. More microplastics were detected in layers 
corresponding to 1976-present. Spatial variation in 
microplastic abundances was observed with higher 
concentrations detected closer to shore.  

Martin et al. 
(2017) Ireland 1 Ocean Marine Urban 

Spatial and temporal 
distribution trends 

7.67 
particles/3.5cm 
sediment depth 

fiber, 
fragment 

General increase in microplastics in sediments after 1940s 
observed, however in 4/11 samples microplastics were 
detected below the depth corresponding to 1940. Spatial 
variation detected but only locally between sampling 
stations and not regionally.  
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 In our study, we sought to analyze the abundance and characteristics of microplastics in 

surface and deep sediments of two remote freshwater lakes at the International Institute for 

Sustainable Development-Experimental Lakes Area (IISD-ELA) in Canada. Our research 

question asked whether there is a difference in the abundances and characteristics of microplastic 

deposition between recently deposited surface sediments and pre-industrially deposited deep 

sediments. The objective of this study was to determine whether observed microplastic 

deposition was consistent with the changes in plastic usage and releases into the environment 

over time. We analyzed sediment samples for microplastic abundance, shape, color and size.  

We formulated the following hypotheses:  

Null hypothesis (H01): Recently deposited, surface lake sediments do not have a significantly 

different mean abundance of microplastics than deep sediments deposited during the pre-

industrial period.  

Alternative hypothesis (HA1): Recently deposited lake sediments have a significantly different 

mean abundance of microplastics than pre-industrially deposited sediments. 

Null hypothesis (H02): There is no significant difference between the mean sizes of microplastics 

in recent and pre-industrial sediments.  

Alternative hypothesis (HA2): Recently deposited sediments have a significantly different mean 

size of microplastics than pre-industrially deposited sediments.  

As plastic materials started to be mass produced around the 1950s, plastic waste production 

and pollution also started to increase (Ritchie and Roser, 2018). Environmental impacts, such as 

plastic ingestion by organisms like seabirds, were first recognized as a concern in 1960 (Ryan, 

2015). Given that secondary microplastics make up a considerable percentage of microplastic 

pollution, and that microplastic-related impacts were being uncovered in the mid-1900s after a 
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rise in plastic production, it would be reasonable to infer that microplastic pollution became 

prevalent during this period despite the lack of associated monitoring data from this time period. 

Therefore, we predicted that recently deposited sediments would contain a higher mean 

abundance of microplastics than pre-industrial sediments, which would show little to no 

microplastic deposition (P1). Recently deposited microplastics have also likely been exposed to 

less weathering than previously deposited microplastics, accordingly we predicted that the mean 

size of particles in recent sediments would be greater than that of pre-industrial sediments (P2).  

We additionally predicted that changes in particle color and shape between recent and pre-

industrial sediments would occur due to the evolving trends in plastic usage over time. When 

microplastics became more widely available, the polymer types, uses and classes of plastics grew 

(Ritchie and Roser, 2018). As a result, differences in percent abundances of the most commonly 

observed shape and color categories of microplastics would likely be visible between recent and 

pre-industrial sediments. We posited that more recently deposited sediments would display 

notable differences in category types and more categories of microplastic shapes and colors as 

compared to pre-industrial sediment (P3).    

To test our hypotheses and better understand the abundance and type of microplastic 

pollution to which remote lakes have been exposed over time, we selected IISD-ELA lakes in 

two different categories of anthropogenic impact. We then collected and sectioned sediment 

cores before using a combination of chemical and physical analytical techniques to visually 

characterize the microplastic contents of sediment samples. This study provided us with an 

improved understanding of microplastic processing methods. More importantly, it contributed to 

the trend of diversifying study environments for baseline microplastic studies with the objective 
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of better understanding the extent of microplastic contamination in freshwater environments, and 

temporal pollution trends.  

 

2. Methods  
 

2.1 Study Site: IISD-Experimental Lakes Area 

IISD-ELA is a living laboratory of 58 freshwater lakes and their respective watersheds in 

Northwestern Ontario, Canada (IISD-ELA, 2019). These lakes have been designated for 

scientific research by the provincial and federal governments to conduct whole-lake experiments 

(IISD-ELA, 2019). Population density in the Northwestern Ontario region is low at 0.4 

people/km2 (Statistics Canada, 2019). This suggests that IISD-ELA lakes are exposed to very 

few, if any, anthropogenic impacts (ex. industrial and 

urban development) besides research. Accordingly, IISD-

ELA is a suitable environment to examine ecosystem-level 

impacts on freshwater with few confounding variables.  

The two IISD-ELA lakes that we chose for our study 

were designated by identification numbers 378 and 373 

(Fig. 1). Both lakes were located along the main gravel 

road leading to the field station, which is indicated by the 

solid red line in Fig. 1. Lake 378 was classified as “low 

impact” due to its relatively pristine environment and little 

to no exposure to anthropogenic activities. In contrast Lake 

373 was considered “medium impact,” having historically been exposed to intensive research.   

Fig. 1: Map of  IISD-ELA lakes, including study 
lakes, Lake 378 and Lake 373, denoted by orange 
stars, and located along the main gravel  road, 
indicated by the red line (IISD-ELA, 2016) 
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All IISD-ELA lakes are headwaters, as such these waterbodies have lower flow rates than 

more networked systems (Sandilands, 2018). Given this feature, the sediments in the study lakes 

are chiefly composed of silt and clay with low percentages of sand, thus would be classified as 

silty clay (Brunskill and Schindler, 1971). The sediments in IISD-ELA lakes are also generally 

characterized by high levels of organic matter resulting from low rates of clastic and carbonate 

dilution.  

2.2 Sediment Sample Field Collection 

During July of 2019, we collected sediment samples from our two study lakes. Three 

sediment cores were collected with a hammer corer from the deepest point of each lake. Depths 

were determined using bathymetric maps and confirmed with depth sounder measurements from 

a boat. The deepest point in Lake 378 was 16.3 m, and 21.6 m in Lake 373. Once the depth was 

confirmed, the boat was anchored, and the coring process conducted.  

The hammer corer was lowered into the lake with a rope until the plastic core tube (Fig. 2A) 

reached the sediment water interface. Next, the core tube was permitted to pass through the 

sediment until it was estimated that at least over 35 cm of the sediment column had been 

penetrated. The hammer corer was then held in place with the rope taut, and the bronze 

messenger (Fig. 2A) that was attached to the rope was thrown into the water. This action 

triggered the release mechanism by pushing down the pin at the top of the corer and in turn 

releasing the lanyard loop attached to the rubber ball (Fig. 2A). Then, the rubber ball created a 

vacuum seal at the upper section of the corer and the core was carefully lifted towards the 

surface. While the core was suspended in the surface water of the lake, a second individual 

assisted by placing a bung or core extruding plug (Fig. 2A) into the bottom of the core tube to 

ensure that the sediment was not released once the core was removed from the water.  
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The cores were extruded in the field. At Lake 378, cores were extruded on land and at Lake 

373 extrusion was performed on the boat. If a sediment core was not extruded immediately after 

collection, it was covered with an orange core tube cap (Fig 2A) and placed upright in a core 

tube holder. An extrusion stand (Fig. 2B) was used to remove the sediment from the core tube. 

Upper and lower bungs were lined up directly below the stopper (Fig. 2B) on the extrusion stand. 

A core tube with sediment (Fig. 2C) was uncapped and placed on the extrusion stand. The bung 

at the bottom of the core tube was lined up with the stopper from the extrusion stand. The 

stopper along with the upper bung was then pushed into the core tube. The extruding head was 

secured to the top of the core tube. Before sediment extrusion could begin, the lower bung was 

moved downwards starting at about 5-cm intervals. The core tube was then pushed down to the 

lower bung to remove the water in the tube. This step was repeated with the lower bung being 

Fig. 2: Hammer corer apparatus and sediment core.                                            
2A: Hammer corer apparatus, including all components used to collect the sediment core and remove it from the water 
(Aquatic Research Instruments, 2018).                            
2B: Extrusion stand used to remove core from core tube and section at desired depth intervals.                      
2C: Example of sediment core prior to being sectioned. Depths at which the core was sectioned are indicated, with surface 
samples represented by the 0-5 cm sample and deep sediments represented by the 30-35 cm samples. Please note that  the 
indicated measurements are not to scale. 

A C B 
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moved at progressively smaller intervals until the surface sediments of the core were aligned 

with the opening in the extruding head.  

 The top 0-5 cm and bottom 30-35 cm of each core (Fig. 2C) were collected in glass jars. 

When the top sediments had reached the opening of the extruding head, the core was held in 

place by one person while the lower bung was moved by a second person and five 1 cm-thick 

spacers were placed between the bottom of the core tube and the lower bung on the extrusion 

stand. Spacers were removed one at a time and the core was slowly pushed downwards while 

sediments poured into the extruding head. Sediments were then scraped into glass sample jars 

with a paint scraper. The next 25 cm of sediments were extruded and discarded, and the 30-35 

cm depth of the core was collected using the same methods. Throughout the process, materials 

and equipment were rinsed three times with reverse osmosis (RO) water to eliminate any 

potential contamination, and lake water was used when RO water was not available. 

 Blank samples of RO water were also collected in sample jars at each lake after being run 

through extrusion equipment, including a core tube and the extrusion stand. All sample jars were 

then stored in a fridge at about 4°C.   

 Sampling depths were chosen based on the slow sedimentation rates at IISD-ELA lakes 

of approximately 0.008 g/cm2/year – 0.1 g/cm2/year (Anderson, Schiff and Hesselein, 1987; 

Wiltse, 2014). These sedimentation rates indicated that a 35 cm sediment core sample would be 

representative of up to 350 years (Table 2). Though both study lakes had different sedimentation 

rates, we collected sediment samples at the same depths from each core to remain consistent in 

our sampling and collect samples that were representative of recent deposition (i.e. top 0-5cm) 

and pre-industrial deposition (30-35cm) at each lake (Table 2).  
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Table 2: Time periods associated with collected sample depths at the two study lakes. Mushet et                     
al. (2018) and Jeziorski et al. (2013) dated sediment cores from Lake 373 and Lake 378, respectively,                  
using Pb-210 radioisotope analysis.  

 
 
2.3 Sediment Sample Processing: Laboratory Protocol Adjustments  

We used methods for sediment and water sample processing that were provided by the 

Rochman Lab at the University of Toronto (Rochman, Munno and DeFrond, 2019; Rochman and 

Munno, 2019). These methods were developed based on available literature and an established 

protocol from the National Oceanic and Atmospheric Administration (Masura et al., 2015; 

Munno et al., 2018). We conducted methods development ahead of each procedure, including 

wet peroxide oxidation, density separation and visual characterization. Existing methods were 

modified (Fig. 3) to suit samples from the boreal study lakes which contained fine, silty-clay 

sediments with a high organic matter content. For example, we reduced the number of sieving 

steps and size fractioning with multiple sieves to avoid losing microfibers which were expected 

to be the dominant type of microplastic present in our sediment samples. We also conducted 

additional rounds of wet peroxide oxidation to ensure that aggregates formed during sample 

drying fully broke down and organic matter was digested. Additionally, as particles were too 

small to handle with forceps, they were vacuum filtered onto a 20 µm filter for observation 

instead of being observed on gridded petri dishes in de-ionized (DI) water. Based on these 

changes, we developed a modified protocol which was used to process all sediment samples 

(Appendix A). 
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2.4 Sediment Sample Processing: Initial Drying  

Before being placed in the drying oven, the wet mass of each sample was measured. 

Individual samples were then divided into two parts and transferred to separate aluminum pie 

trays to accelerate the drying process by reducing the volume of sample per tray. The trays were 

covered with aluminum foil and 10-12 holes were poked through the foil covers with a metal 

dissection probe to allow moisture to escape. Trays were placed in a drying oven at 50-55°C.  

The mass of each sample was measured every few days until it stabilized to 0.01 g for three 

measurements spaced ≥ 1 hour apart (ex. 12.26 g, 12.26 g, 12.26 g). The oven temperature was 

Fig. 3: Step-by-step methods of microplastic extraction from Lake 378 and Lake 373 sediment samples. Modifications from 
original methods developed by the Rochman Lab at the University of Toronto, Masura et al. (2015) and Munno et al. (2018) are 
detailed beneath the numbered steps of the altered protocol. Samples were first dried, underwent organic matter digestion, 
sieved, soaked in Alcojet detergent, sieved again, dried, density separated, and vacuum filtered onto a cellulose filter, before 
particles were finally counted and characterized under a microscope.  
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monitored once per day using a thermometer to avoid spikes over 70°C, because microplastics 

have the potential to structurally degrade at high temperatures (Munno et al., 2018). 

2.5 Sediment Sample Processing: Organic Matter Digestion  

Following the drying process, all samples underwent a digestion to disaggregate the dried 

sediments and break down clusters of organic matter to release any potential microplastics 

trapped within. Each sample was subjected to a wet peroxide oxidation, which has been 

identified as the most efficient and effective method to break down organic matter in sediment 

samples while avoiding degradation of plastics (Hurley et al., 2018; Yao, 2019). Split samples 

were first recombined into a single 600 mL beaker using a metal spoon and DI water to move 

sediments out of aluminum pie trays. A volume of 50-150 mL of DI water was poured into the 

beaker depending on the mass of the sediment sample. As the digestion reaction was exothermic 

and susceptible to fast temperature increases, the additional water provided a buffering heat 

capacity to prevent accelerated increases in temperature.      

A thermometer was placed in the beaker and its mouth was covered using aluminum foil. 

Organic matter in sediment samples was broken down using a catalyst digestion solution of iron 

(II) sulphate heptahydrate (FeSO4 • 7H2O) and 98% sulfuric acid (H2SO4(aq)), with 30% hydrogen 

peroxide (H2O2(aq)) in a 1:5 volume ratio. 

The digestion solution was prepared in 

advance by mixing 500mL of 15% FeSO4 • 

7H2O(aq) and 3mL of 98% H2SO4(aq). After 

being mixed, it was vacuum filtered 

through a 20 µm polycarbonate filter on a 

Buchner filtration setup (Fig. 4). 20 mL of 

Fig. 4: The Buchner vacuum filtration setup was used to filter 
solutions and capture potential microplastic particles after density 
separation. Supernatant from the final density separation was 
poured through the Buchner funnel and onto the 20 µm cellulose 
filter. 
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the digestion solution was added to the sample in the beaker, followed by 20 mL of 30% 

H2O2(aq). The beaker was then placed on a hot plate at 65°C. Once the solution heated up to 

40°C, the beaker was removed from the hot plate and the reaction was allowed to continue until 

the temperature of the solution reached 45°C or began to fall below 40°C. At these thresholds, 

the beaker was placed into an ice bath until the temperature fell below 30°C. The next 20 mL 

aliquot of  30% H2O2(aq) was then added to the sample and the beaker was returned to the hot 

plate. These steps were conducted until the sample received five aliquots of 30% H2O2(aq), which 

was considered as one round of digestion. The sample was filtered through a 53 µm sieve to 

remove the digestion solution and H2O2(aq), and returned to its beaker using a metal spoon and DI 

water to wash in the remaining sediment. The digestion process was repeated as necessary until 

the whole sample was disaggregated. Due to the high organic matter contents in the samples, at 

least two rounds of digestion were necessary for full disaggregation of the sediments.  

2.6 Sediment Sample Processing: Alcojet Soak and Re-drying  

After the organic matter digestions, samples were then soaked in a 10% aqueous Alcojet 

detergent solution that had been filtered through the Buchner filtration setup. This step 

encouraged the disintegration of residue from organic matter digestion. A volume of detergent 

equal to that of the sediment and DI water contained in the beaker was added to a single sample. 

Samples were then left to sit for a minimum of 3 hours until residues from digestion were no 

longer visible or had liquified. Once the detergent soak was complete, sediments were sieved for 

a second time and returned to their beakers using DI water. In their beakers, samples were then 

placed directly into a drying oven at 35-40°C.  When the water in a sample appeared to have 

visibly evaporated, but sediments had not yet aggregated, the sample was removed from the oven 

and considered to be ready for density separation. Samples were not dried completely because 
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the fine texture of the sediment would result in aggregation, which increased the possibility of 

microplastics being trapped inside aggregates, thus hindering particle recovery with density 

separation.  

2.7 Sediment Sample Processing: Density Separation  

After sediments were removed from the oven, they were mixed into a solution for density 

separation. An aqueous calcium chloride solution (CaCl2(aq)) was used to separate particles in the 

sample by their density because it was determined to be the most effective and safe solution to 

use for recovering most polymer types. Solid anhydrous CaCl2 was mixed with DI water until it 

attained a density of 1.4 g/mL, so that it would be able to recover a range of polymers with lower 

densities including high density polyethylene, low density polyethylene, polystyrene, polyvinyl 

chloride, polypropylene and nylon (Syakti, 2017). Multiple density separations were conducted 

to improve the recovery rates of any potential microplastic particles in the sediment samples as 

recommended by Yao et al. (2019).  

Each 600 mL beaker of dry sediment was filled with 300 mL of CaCl2(aq) and was 

vigorously mixed for three minutes with a metal spoon. The solution was left to sit for two hours 

to allow plastic to float and sediment to settle. The top layer of the solution, along with any 

floating particles, was spooned into a 1 L beaker and the remaining supernatant was also poured 

in until settled sediments began to move towards the mouth of the beaker. Then, the 1 L beaker 

was covered with aluminium foil and this process was repeated a second time on the remaining 

sediment in the 600 mL beaker. A final density separation of 12-24 hours was conducted on the 

part of the sample in the 1 L beaker after mixing its contents. The top layer and supernatant in 

this beaker were then vacuum filtered through a 20 µm cellulose filter, washed with water to 

dissolve any CaCl2 crystals and placed into a filter holder.  
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2.8 Sediment Sample Processing: Visual Characterization Using Microscopy  

 Each cellulose filter was observed under a dissection microscope. The number of 

particles that appeared to be microplastics on each filter were counted and recorded in a data 

table along with other particle characteristics (Appendix C). Criteria including shape and color 

were used to distinguish microplastics from other particles in the sample. For example, brightly 

colored particles were categorized as potential microplastics.    

 Every particle that appeared to potentially be a microplastic was assigned an 

identification number. A photo of each particle on its filter with a ruler was taken under the 

microscope. Each photo was processed using the software program ImageJ to measure the size of 

the particles (Schneider, Rasband and Eleiceiri, 2012). A known distance of 1 mm on the ruler in 

an image was used to calibrate the measurement tool for the program and the longest side of each 

particle, or diameter for spherical particles, was measured. All particles were placed in one of six 

shape categories, namely bead, fiber, fiber bundle, film, foam or fragment. Observed particle 

color was also recorded before a particle was assigned a color category based on eight categories 

designated by Provencher et al. (2017) for analyzing microplastics in marine megafauna. These 

categories included black, blue-purple, green, grey-silver, off/white-clear, orange-brown, red-

pink and yellow.   

2.9 Precautions to Limit Contamination 

 There were multiple precautions built into sample processing techniques in order to 

minimize contamination of sediment samples in the laboratory setting. The majority of the 

procedure was conducted in a clean lab, with minimal plastic materials. Clean shoes and cotton 

lab coats were specifically designated for lab use to minimize plastic microfiber contamination 

and avoid introducing plastic particles from the external environment into the clean lab. 
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 Additionally, all materials were washed with soap, triple rinsed with DI water and air 

dried or blown with compressed air before being used for sample processing. Materials left to air 

dry for extended periods of time were re-rinsed. Samples were always covered with lids or 

aluminum foil when not in use and foil covers were replaced if holes began to form. If samples 

were transported between buildings and labs, they were covered with additional foil covers (ex. 

pie trays containing samples were covered with a second foil cover after being removed from 

oven to avoid fibers contaminating the samples through holes created for moisture to escape).   

 Finally, blank samples of RO water were processed with the same techniques as real 

samples in order to characterize any contamination from sample collection and processing 

procedures. Any potential microplastic particles collected in blank samples were then subtracted 

from the number of particles found in sediment samples. As an example, if five microfibers were 

recovered in a blank sample, five fibers were subtracted from the total number of fibers 

recovered in all samples.  

2.10 Unit Selection and Raw Count Conversion in Preparation for Statistical Testing 

Microplastic abundances in aquatic sediment samples have most frequently  

been reported by number of microplastics per unit dry mass, followed by number of 

microplastics per unit area (Appendix B). Data has also been expressed at lower frequencies in 

other units such as number of microplastics per unit of sediment volume or per unit of wet mass. 

In instances where corers were used as a field method for sample collection, number of 

microplastics per unit mass was the most common way to report particle abundances (Appendix 

B). However, considering the units used to examine the deposition of other contaminants in 

sediments, like polycyclic aromatic hydrocarbons or polychlorinated biphenyls, units of mass per 

square meter per year are more common (Donahue, Allen and Schindler, 2006; Nürnberg, 2009; 
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Nielson, 1988). Time-based units have also helped to standardize data and make results 

comparable across lakes with different deposition rates. As such, we opted to report raw counts 

of recovered particles in units of particles per square meter per year.   

Before conducting analytical tests, samples were blank-corrected. This entailed calculating  

the average number of particles by shape recovered in the two blank samples. The average 

number of particles by shape in blank samples were then subtracted from tallies of recovered 

particles in each sediment sample. Abundance of particles in each sample were expressed as a 

deposition rate in units of particles per square meter per year. First, raw counts were divided by 

the surface area covered by the inner core tube which was 0.0036 m2. These values were then 

divided by the number of years represented by 5 cm of sediment in each sample. For Lake 373,  

5 cm represented 50 years of sediment accumulation, whereas in Lake 378 the same depth 

corresponded to 34 years of deposition.  

2.11 Statistical Analysis  

All statistical analyses were carried out using the program R (R Core Team, 2020). A two-

factor analysis of variance (ANOVA) was conducted prior to Tukey’s HSD comparison test to 

evaluate the differences in mean sample bulk densities between pre-industrial (depth = 30-35 

cm) and recent (depth = 0-5 cm) sediments (Factor 1: Depth), and across our two study lakes 

(Factor 2: Lake). The purpose of this test was to determine whether standardization of particle 

abundance measurements by particles per unit area per year would be appropriate units of 

analysis. The difference in mean particle abundances between the two chosen sediment depths 

(Factor 1 : Depth) and lakes (Factor 2: Lake) were similarly analyzed. A comparison of mean 

particle size between depths (Factor 1: Depth) and lakes (Factor 2: Lake) was additionally run 
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using the two-factor ANOVA test. A significance level of 5% was used in all statistical tests      

(a = 0.05).   

For sample shape and color data, blank corrections were applied as detailed above and tallies 

were organized in tables. The percent composition of sediment samples by microplastic shape 

and color were also calculated for the different depths between the two lakes.   

 

3. Results  
 
3.1 Comparison of Sediment Bulk Density by Depth 

Mean bulk density of pre-industrially deposited sediment in Lake 373 (114 ± 14.6 kg/m3, n = 

3) was significantly greater, on average by 2.58 times [F(1,1) = 77.5, p = 2.17 x 10-5]  than that 

of recent sediment (44.2 ± 11.4 kg/m3, n = 3)  (Fig. 5). The same trend was observed in Lake 

378, where the mean bulk density of pre-industrial sediment (81.7 ± 9.74 kg/m3, n = 3) was 

significantly greater [F(1,1) = 77.5, p = 2.17 x 10-5] than that of recently deposited sediment 

(33.5 ± 9.97 kg/m3, n = 3) by a factor of about 2.44 (Fig. 5).  A significant difference [F(1,1) =  

10.3, p = 1.23 x 10-2]  in mean bulk densities was also observed between the sediments in Lake 

378 and those of Lake 373 (Fig. 5). Specifically, pre-industrial sediments in Lake 373 had a 

significantly greater [F(1,1) =  10.3, p = 1.23 x 10-2] mean bulk density than in Lake 378. No 

significant difference [F(1,1) =  10.3, p = 0.681]  was observed between the mean bulk densities 

of recently deposited sediments in both lakes (Fig. 5). 

 
 
 

 
 



 32 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 

 

 

Fig. 5: Comparing the difference in bulk density of recent (n = 3) and pre-industrial (n=3) sediments from Lake 373 and recent (n = 
3) and pre-industrial (n = 3) sediments from Lake 378 at IISD-ELA. Lake 373 was categorized as a “medium” impact lake which has 
been heavily exposed to research and Lake 378 was categorized as a “low” impact lake with little to no exposure to anthropogenic 
activities. Recent sediments were collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm 
using a sediment corer. The 0-5 cm depth category in Lake 373 corresponds to the more recent time period of 1969-2019, while the 
30-35 cm category spans the pre-industrial period of 1669-1719. In Lake 378, the 0-5 cm depth category represents 1985-2019 and 
30-35 cm corresponds to 1781-1815. Each box represents the interquartile range of the bulk density data. The bottom of each box 
represents the first quartile and the top of the box represents the third quartile. The line in each box denotes the median bulk density 
for the respective lake and depth. Mean bulk densities are indicated with an asterisk on each box. Vertical lines, or whiskers, extend 
from the top and bottom of each box ending at the maximum and minimum bulk densities respectively in each depth and lake 
category. Pre-industrially deposited sediments had significantly greater [F(1,1) = 77.5, p = 2.17 x 10-5] mean bulk densities than 
recent sediments in both lakes. Lake 373 pre-industrial sediments also had a significantly greater [F(1,1) = 10.3, p = 1.23 x 10-2] mean 
bulk density than that of Lake 378. There was no significant difference [F(1,1) = 10.3, p = 0.681] observed between the bulk densities 
of recently deposited sediments in Lake 373 and Lake 378.  
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3.2 Lake 378: Comparison Between Recent and Pre-industrial Sediments in a Lake  
     Minimally Impacted by Anthropogenic Activity 
 
3.2.1 Comparison of Particle Abundances in Recent and Pre-industrial Sediments  

           
Based on the results of the two-factor ANOVA, a significant difference [F(1,1) = 8.53, p = 

1.93 x 10-2] was observed in the mean particle abundance between recent and pre-industrial 

sediments. However, further analysis with Tukey’s HSD comparison test revealed that there was 

no significant difference (p = 0.151) between the mean abundance of recently deposited 

sediments (82.3 ± 31.0 particles/m2/yr, n = 3) and pre-industrial sediments (221 ± 93.4 

particles/m2/yr, n = 3) in Lake 378 (Fig. 6). 

 

 
 

Fig. 6: Summary comparing the difference in mean particle abundance of recent and pre-industrial sediments from Lake 378 at 
IISD-ELA. Lake 378 was categorized as a “low” impact lake with little to no exposure to anthropogenic activity. Recent 
sediments were collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment 
corer. In Lake 378, the 0-5 cm depth category represents 1985-2019 and 30-35 cm corresponds to 1781-1815. Each bar 
represents the mean particle abundance in a depth category within the lake. Mean particle abundance is expressed as a deposition 
rate in particles per square meter per year. No significant difference (p = 0.151) was observed between the mean abundance of 
recently deposited sediments (82.3  ± 31.0 particles/m2/yr, n = 3) and pre-industrial sediments (221 ± 93.4 particles/m2/yr, n = 3). 
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3.2.2 Comparison of Particle Sizes in Recent and Pre-industrial Sediments  
 
Results of a two-factor ANOVA comparing mean particle sizes between recent and pre-

industrial sediments showed no significant difference [F(1,1) = 0.119, p = 0.740]. The Tukey 

HSD test also displayed no significant difference (p = 0.961) between the mean particle size in 

recent sediments (0.723 ± 0.672 mm, n = 3) and pre-industrial sediments (0.957 ± 0.545 mm, n = 

3) in Lake 378 (Fig. 7). 

Fig. 7: Comparing the difference in mean particle size in recent and pre-industrial sediments from Lake 378 at IISD-ELA. Lake 
378 was categorized as a “low” impact lake with little to no exposure to anthropogenic activity. Recent sediments were 
collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment corer. In Lake 
378, the 0-5 cm depth category represents the 1985-2019 time period and 30-35 cm corresponds to 1781-1815. Each bar 
represents the mean particle size in a depth category within the lake. No significant difference (p = 0.961) was observed 
between the mean particle size of recently deposited sediments (0.723 ± 0.672 mm) and pre-industrial sediments (0.957 ± 0.545 
mm).  
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       3.2.3 Comparison of Particle Shapes in Recent and Pre-industrial Sediments  

       Shapes of particles in Lake 378 recovered from recently deposited sediment were 

characterized from greatest to least percent abundance as fibers (49.2 %), fragments (29.5 %), 

beads (16.4 %), films (3.28 %), fiber bundles (1.64 %) and foams (0 %) (Fig. 8). This differed in 

pre-industrial sediment, where particle shapes from greatest to least percentage abundance 

included fibers (76.8 %), foams (10.4 %), fiber bundles (7.93 %), films (2.44 %), fragments 

(2.44 %) and beads (0%) (Fig. 8). Films and fragments were present at the same frequency in 

pre-industrial sediment. Though percent abundance of different shapes varied between recently 

deposited and pre-industrial sediments, fibers were present in the largest proportions at both 

depths. The same number of shape categories was also observed at both sediment depths.   

 

 

 

Fig. 8: Comparing percent abundance of shapes in recent and pre-industrial sediments from Lake 378 at IISD-ELA. Lake 378 
was categorized as a “low” impact lake with little to no exposure to anthropogenic activity. Recent sediments were collected 
at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment corer. In Lake 378, the 
0-5 cm depth category represents the 1985-2019 time period and 30-35 cm corresponds to 1781-1815. The particle shape that 
displayed the greatest percent abundance in recent sediment was fibers (49.2 %), followed by fragments (29.5 %), beads (16.4 
%), films (3.28 %), fiber bundles (1.64 %) and foams (0 %) which were not present.  The particle shape that displayed the 
greatest percent abundance in pre-industrial sediment was fibers (76.8 %), then foams (10.4 %), fiber bundles (7.93 %), films 
(2.44 %), fragments (2.44 %) and beads (0%) which were not present.   
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3.2.4 Comparison of Particle Colors in Recent and Pre-industrial Sediments 

       Colors of particles recovered from recent sediment at Lake 378 were present from greatest to 

least percent abundance as follows: blue-purple (26.7 %), orange-brown (20.0 %), off/white-

clear (16.7 %), green (10.0 %), black (10.0 %), yellow (6.67 %), grey-silver (6.67 %) and red-

pink (3.33 %) (Fig. 9). Green and black particles, as well as yellow and grey-silver particles were 

present in the same ratios, respectively, in recently deposited sediment. The percent abundance 

of colors in pre-industrial sediment differed somewhat, with black particles having the highest 

percent abundance (38.7 %), followed by off/white-clear (18.7 %), blue-purple (14.7 %), grey-

silver (12.0 %), green (8.00 %), orange-brown (2.67 %), red-pink (2.67 %) and yellow (2.67 %) 

(Fig. 9). Three color categories, orange-brown, red-pink and yellow were contained in pre-

industrial sediments at the same percent abundances. Percent abundance of color particles 

appeared to vary by depth, however, off-white/clear and blue-purple particles were both common 

in recent and pre-industrial sediments, while colors like yellow and red-pink were present in 

lower abundances overall. The same number of color categories were visible at both sediment 

depths.  
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3.3 Lake 373: Comparison Between Recent and Pre-industrial Sediments in a Lake  

Affected by Anthropogenic Activity        
  

3.3.1 Comparison of Particle Abundances in Recent and Pre-industrial Sediments 

Results from the two-factor ANOVA displayed a significant difference [F(1,1) = 8.53, p = 

1.93 x 10-2] in the mean particle abundance between recent and pre-industrial sediments. 

However, no significant difference (p = 0.376) was observed between the mean particle 

abundance of recently deposited sediments (9.57 ± 8.93 particles/m2/yr, n = 3) and pre-industrial 

sediments (108 ± 101 particles/m2/yr, n = 3) in Lake 373 after the Tukey HSD comparison test 

was conducted (Fig. 10). 

Fig. 9: Comparing percent abundance of colors in recent and pre-industrial sediments from Lake 378 at IISD-ELA. Lake 378 is 
categorized as a “low” impact lake with little to no exposure to anthropogenic activity. Recent sediments were collected at depths 
of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment corer. In Lake 378, the 0-5 cm depth 
category represents the 1985-2019 time period and 30-35 cm corresponds to 1781-1815. The particle color that displayed the 
greatest percent abundance in recent sediment was blue-purple (26.7 %), followed by orange-brown (20.0 %), off/white-clear 
(16.7 %), green (10.0 %), black (10.0 %), yellow (6.67 %), grey-silver (6.67 %) and red-pink (3.33 %) with the lowest percent 
abundance. The particle color that displayed the greatest percent abundance in pre-industrial sediment was black (38.7 %), then 
off/white-clear (18.7 %), blue-purple (14.7 %), grey-silver (12.0 %), green (8.00 %), orange-brown (2.67 %), red-pink (2.67 %) 
and yellow (2.67% ). 
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3.3.2 Comparison of Particle Sizes in Recent and Pre-industrial Sediments  
 
A two-factor ANOVA comparing mean particle sizes between recent and pre-industrial 

sediments showed no significant difference [F(1,1) = 0.119, p = 0.740]. Based on the Tukey’s 

HSD test there was also no significant difference (p = 1.00) between the mean particle size in 

recent sediments (0.816 ± 0.716 mm, n = 3) and pre-industrial sediments (0.805 ± 0.500 mm, n = 

3) in Lake 373 (Fig. 11). 

Fig. 10: Summary comparing the difference in mean particle abundance of recent and pre-industrial sediments from Lake 373 at 
IISD-ELA. Lake 373 was categorized as a “medium” impact lake with exposure to anthropogenic activity from research. Recent 
sediments were collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment 
corer. In Lake 373, the 0-5 cm depth category represents the 1969-2019 time period and 30-35 cm corresponds to 1669-1719. 
Each bar represents the mean particle abundance in a depth category within the lake and each graph expresses mean particle 
abundances in a different unit. Mean particle abundance expressed as a deposition rate in particles per square meter per year. No 
significant difference (p = 0.376) was observed between the mean abundance of recently deposited sediments (9.57  ± 8.93 
particles/m2/yr,  n = 3) and pre-industrial sediments (108 ± 101 particles/m2/yr, n = 3). 
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       3.3.3 Comparison of Particle Shapes in Recent and Pre-industrial Sediments  

       From greatest to least, the percent abundances of particle shapes recovered from recent 

sediment in Lake 373 were as follows: fragments (57.1 %), fibers (28.6 %), fiber bundles (14.3 

%), films (0 %), foams (0 %) and beads (0 %) (Fig. 12). Films, foams and beads were not 

represented in the shapes recovered from recent sediment. The percent abundances of particle 

shapes recovered from pre-industrial sediment differed from recent sediment. Percent abundance 

of shapes recovered from pre-industrial sediments included fibers (83.1 %), films (10.2 %), fiber 

bundles (3.39 %), fragments (1.69 %), beads (1.69 %) and foams (0%) (Fig. 12). Fragments and 

beads were present at the same frequency in pre-industrial sediment. Although there were 

Fig. 11: Comparing the difference in mean particle size in recent and pre-industrial sediments from Lake 373 at IISD-ELA. 
Lake 373 is categorized as a “medium” impact lake with exposure to anthropogenic activity from research. Recent sediments 
were collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment corer. In 
Lake 373, the 0-5 cm depth category represents the 1969-2019 time period and 30-35 cm corresponds to 1669-1719. Each bar 
represents the mean particle size in a depth category within the lake. No significant difference (p = 1.00) was observed between 
the mean particle size of recently deposited sediments (0.816 ± 0.716 mm, n = 3) and pre-industrial sediments (0.805 ± 0.500 
mm, n = 3).  
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differences in the percent abundances of particle shapes between depths, fibers and fiber bundles 

were commonly observed in relatively higher proportions than other shapes, while beads and 

foams occurred at low abundances. Two more shape categories were visible in pre-industrial 

sediments than recent sediments. 

 

 

 

 

3.3.4 Comparison of Particle Colors in Recent and Pre-industrial Sediments 

       Particle colors recovered from recent sediment at Lake 373 were present from greatest to 

least in percent abundance as follows: green (50.0 %), black (25.0 %), off/white-clear (25.0 %). 

The yellow, grey-silver, blue-purple, orange-brown and red-pink color categories were not 

represented (0%) in recent sediments. Percent abundances of colors in pre-industrial sediment 

Fig. 12: Comparing percent abundance of shapes in recent and pre-industrial sediments from Lake 373 at IISD-ELA. Lake 373 
is categorized as a “medium” impact lake with exposure to anthropogenic activity from research. Recent sediments were 
collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment corer. In Lake 
373, the 0-5 cm depth category represents the 1969-2019 time period and 30-35 cm corresponds to 1669-1719. The particle 
shape that displayed the greatest percent abundance in recent sediment was fragments (57.1 %), followed by fibers (28.6 %) and 
fiber bundles (14.3 %). Films (0 %), foams (0 %)  and beads (0 %) were not present in recently deposited sediments. The particle 
shape that displayed the greatest percent abundance in pre-industrial sediment was fibers (83.1 %), films (10.2 %), fiber bundles 
(3.39 %), fragments (1.69 %), beads (1.69%) and foams (0 %) which were not present.   
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varied from those of recent sediment with off/white-clear particles being present in the highest 

abundance (29.3 %), followed by black (25.9 %), grey-silver (20.7 %), green (10.3 %), blue-

purple (6.89 %), red-pink (3.45 %), orange-brown (1.72 %) and yellow (1.72 %). Particles in the 

orange-brown and yellow categories were present in pre-industrial sediments at equal 

abundances. There were differences in percent abundance by depth, however off-white/clear and 

black particles were two of the most common color categories of particles recovered in both 

recent and pre-industrial sediments. Five more color categories were visible in pre-industrial than 

recent sediments. 

 

 

 

 

 

Fig. 13: Comparing percent abundance of colors in recent and pre-industrial sediments from Lake 373 at IISD-ELA. Lake 373 
was categorized as a “medium” impact lake with exposure to anthropogenic activity from research. Recent sediments were 
collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment corer. In Lake 
373, the 0-5 cm depth category represents the 1969-2019 time period and 30-35 cm corresponds to 1669-1719. The particle 
color that displayed the greatest percent abundance in recent sediment was green (50.0 %), followed by black (25.0 %), and 
off/white-clear (25.0 %). Blue-purple, grey-silver, orange-brown, red-pink and yellow particles were not represented (0 %) in 
recently deposited sediments. The particle color that displayed the greatest percent abundance in pre-industrial sediment was 
off/white-clear (29.3 %), black (25.9 %), grey-silver (20.7 %), green (10.3 %), blue-purple (6.89 %), red-pink (3.45 %), orange-
brown (1.72 %) and yellow (1.72 % ). 



 42 

3.4 Lake 378 and Lake 373: Comparison of Particle Characteristics Between Lakes  

3.4.1 Particle Abundance in Recent and Pre-Industrial Sediments 

Based on results from the two-factor ANOVA examining particle abundances as deposition 

rates, there was no significant difference [F(1,1) = 5.21, p = 5.19 x 10 -2] observed between the 

mean particle abundances in Lake 378 and Lake 373. A Tukey’s HSD comparison test also 

revealed that there was no significant difference (p = 0.608) in the mean abundances of particles 

recovered from recent sediments in Lake 378 and Lake 373. Additionally, there was no 

significant difference (p = 0.277) between mean particle abundances of pre-industrial sediments 

in both lakes.  

 

 

 

 

Fig. 14: Summary comparing the difference in mean particle abundance of recent and pre-industrial sediments from Lake 378 
and Lake 373 at IISD-ELA. Lake 378 was categorized as a “low” impact lake with little to no exposure to anthropogenic 
activity, whereas Lake 373 was categorized as a “medium” impact lake with exposure to human activity from research. Recent 
sediments were collected at depths of 0-5 cm in the sediment column and pre-industrial sediments at 30-35 cm using a sediment 
corer. In Lake 378, the 0-5 cm depth category represents 1985-2019 and 30-35 cm corresponds to 1781-1815. In Lake 373, the 
0-5 cm depth category represents 1969-2019 and 30-35 cm corresponds to 1669-1719. Each bar represents the mean particle 
abundance in a depth category within a given lake. No significant difference (p = 0.608) was observed between the mean 
particle abundances in recent sediment between lakes. No significant difference (p = 0.277) was observed between the mean 
particle abundances of pre-industrial sediments in both lakes. 
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3.4.2 Particle Size in Recent and Pre-Industrial Sediments 

The two-factor ANOVA displayed no significant difference [F(1,1) = 7.00 x 10-3, p = 0.934] 

in mean particle size between Lake 378 and Lake 373. There was also no significant difference 

(p = 1.00) observed in mean particle size between recent sediments of both lakes according to the 

Tukey HSD comparison test. This analysis also revealed no significant difference (p = 0.99) in 

mean particle size between the pre-industrial sediments of both lakes. 

3.4.3 Percent Abundance of Particle Shapes in Recent and Pre-Industrial Sediments 

In terms of percent abundance of particle shapes recovered in recent sediments for Lake 378 

and Lake 373, fibers and fragments were the two most abundant shapes. However, fibers were 

20.6 % more abundant in Lake 378 surface sediments than Lake 373. Fragments were more 

abundant in Lake 373 surface sediments by 27.6 %. Fibers held the greatest percent abundance 

for pre-industrial sediments in both Lake 378 and Lake 373. Lake 373 had a greater percent 

abundance of fibers by 6.30 %.  The second most abundant shape differed between the two 

lakes’ pre-industrial sediments. Foams had the second highest percent abundance in Lake 378 

pre-industrial sediments and films held the same position in Lake 373.  

3.4.4 Percent Abundance of Particle Colors in Recent and Pre-Industrial Sediments 

The particle color categories that displayed the greatest abundances in recently deposited 

sediments differed between Lake 378 and Lake 373. Blue-purple followed by orange-brown had 

the highest percent abundances in Lake 378, while green, black and blue were the most abundant 

particle categories observed in Lake 373. However, in pre-industrial sediments, off/white-clear 

and black were the categories with the highest percent abundance in both lakes. Lake 378 had a 

higher percent abundance of black particles than Lake 373 by 12.8 %. Conversely, Lake 373 had 

a higher percent abundance of off/white-clear particles by 10.6 %.    
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4. Discussion  

4.1 Consideration of Relevant Units Based on Differences in Bulk Density 

The mean bulk density for pre-industrial sediments was significantly greater than recently 

deposited sediments in both the low impact lake, Lake 378, and the high impact lake, Lake 373. 

Therefore, we rejected the null hypothesis that mean bulk densities across lake depths is equal. 

A significant difference was observed between lakes, but not to the same extent as between 

depths, which suggested that more of the variation in bulk density data could be explained by 

depth. Consequently, examining data in mass-based or volume-based units might produce results 

biased by bulk density. Although mass-based units are often used in literature that explores 

microplastic abundance in sediment, the dry mass of a sediment sample could be affected by its 

bulk density. For instance, sediments with lower bulk density may display smaller mean 

microplastic abundances. This could occur due to the higher porosity of sediment with lower 

bulk density, and not the deposition rate of the contaminant. The difference in bulk density could 

also result from an increased accumulation of sediments, for example if an aquatic environment 

was exposed to an increased amount of erosion or organic matter degradation. Thus, 

concentrations of microplastics in a sample could be diluted and lower abundances would not be 

observed due to a change in sources or rates of pollution, but rather the sediment bulk density. 

Variations in bulk density would consequently affect the ability to compare abundances of 

microplastics between samples.   

 Examining and interpreting particle abundance as a deposition rate would normalize 

abundances by surface area and by sedimentation rate, accounting for the difference in bulk 

density within the sediment column. The use of deposition rates is common in the analysis of 

temporal contaminant trends in paleolimnological studies, despite not having been used 



 45 

frequently in microplastic literature (Donahue, Allen and Schindler, 2006; Nürnberg, 2009; 

Nielson, 1988). Therefore, it may provide a more accurate comparison of particle abundance by 

depth. As such, results from data analyzed in units of particles per square meter per year would 

likely provide the most accurate depiction of particle abundances to examine contaminant trends 

over time.  

4.2 Mean Abundance of Particles in Recently Deposited and Pre-Industrial Sediments 

In both Lake 378 and Lake 373, no significant difference was observed between the mean  

particle abundances in recent and pre-industrial sediment. Therefore, we failed to reject the null 

hypothesis (H01) that mean particle abundance in recent sediments is not significantly different 

from that of pre-industrial sediments. The observed mean particle abundances in recent and pre-

industrial sediments in both lakes did not follow the predicted trend (P1) of increases in 

environmental pollution after the pre-industrial period. Particles were observed in sediment 

layers pre-dating industrial plastic production, during the late 1700s and 1600s in Lake 378 and 

Lake 373 respectively. These findings contradict the commonly observed trends in recent studies 

that display a significant negative correlation between microplastic depth and abundance 

(Claessens et al., 2011).  

There are multiple potential factors that may have resulted in the lack of a significant  

difference being observed in mean particle abundances across the depths of both lakes, including 

physical and biological influences on the sediment column. Physical disturbances of sediments at 

the deepest points of the lakes could account for the lack of a visible temporal trend. Lake 373 

has been exposed to intensive research over the past several decades (IISD-ELA, 2020; Mushet 

et al., 2018). This research has also involved sediment coring. Therefore, although the deposition 

rate of microplastic particles in the lake may be consistent with the increase in environmental 
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pollution over time, the disturbance and re-suspension of sediments from coring could have 

disrupted the expression of temporal deposition trends in the sediment. Although Lake 378 has 

not experienced the same intensive impacts from research, there are records of sediment coring 

being performed in deep-water sediments in the lake as recently as 2012 (Jeziorski et al., 2013). 

As a result, though the lake is exposed to minimal anthropogenic activity, the physical 

disturbance from recent research at the same sampling site could have resulted in disruption of 

the temporal deposition trend.  

      Besides physical disturbance, biological disturbances may have the potential to alter or 

inhibit the development of a temporal pollution trend. Bioturbation of sediment by benthic 

invertebrates has been shown to disrupt the sediment column and the accuracy of 

paleolimnological data (Lougheed, Metcalfe and Wacker, 2017). Even though this trend has been 

most often documented in marine sediments, it has also been observed in fresh water over the 

past two decades. With the increasing algal primary productivity in lakes due to anthropogenic 

climate change, bioturbating organisms that are reliant on phytoplankton like various species of 

chironomidae and oligochaeta have been increasing in population (Svensson, Enrich-Prast and 

Leonardson, 2001). The bioturbation of lake sediments appears to have increased accordingly, 

which in some instances may disrupt the annual sediment layers. This in turn could result in the 

transportation of contaminants in surface, or recently deposited sediments to deeper sediments 

and vice versa. With the rise of temperatures due to anthropogenic climate change, algal primary 

production has been shown to increase in oligotrophic lakes in Northern Ontario (Paterson et al., 

2017).  This may have contributed to the lack of significant differences observed in mean particle 

abundances between lake depths.   
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4.3 Mean Size, and Percent Abundance of Particle Shapes and Colors in Recently   
Deposited and Pre-Industrial Sediments       
      
No significant differences were observed between the mean particle sizes in recent and 

pre-industrial sediments in both Lake 378 and Lake 373. Accordingly, we failed to reject the null 

hypothesis (H02) that the mean particle sizes between the two depths are equal.   

 There appeared to be minimal differences between the percent abundances of particle 

shapes in recent and pre-industrial sediments of both Lake 378 and Lake 373. Recent sediments 

in both lakes showed fragments and fibers as having the two highest percent abundances, and 

pre-industrial sediments were heavily dominated by fiber contamination. Therefore, in line with 

our prediction, there were differences between the types of shape categories in recent and pre-

industrial sediments (P3), although the overlap in high fiber percent abundance suggests that this 

difference may not have been significant. The number of shape categories to which sediments 

were exposed also did not seem to differ considerably by depth. The number of shape categories 

that Lake 378 recent and pre-industrial sediments were exposed to remained the same. Similarly, 

the number of shape categories in recent sediments for Lake 373 was only two less than that 

observed in deep sediments.  

There also appeared to be few differences in the percent abundance of category color. 

The two color categories that displayed the largest percent abundances differed between the 

recent and pre-industrial sediments of Lake 378. However, in Lake 373 this difference was not 

replicated, with both of the most abundant color categories in pre-industrial sediments being 

visible in recent sediments. Additionally, in Lake 378, the number of color categories observed 

between recent and pre-industrial sediments were the same. Although, there was a difference 

observed in the number of color categories between recent and pre-industrial sediments of Lake 

373, it did not appear to be large, with recent sediments having displayed two fewer color 
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categories than pre-industrial sediments. These findings generally contradicted our prediction 

(P3) that recent sediments would display considerably different category types and numbers of 

categories than pre-industrial sediments.  

The lack of significant difference in particle size between recent and pre-industrial sediments  

from both lakes could be due to the vertical migration of smaller and more dense particles within 

the sediment column. O’Connor et al. (2019) has suggested that to a certain degree, uniformity of 

microplastic shapes, sizes and polymers can occur throughout the sediment column due to the 

ability of small particles as well as denser particles to move more easily through the pore spaces 

in aquatic sediments and sink. As pre-industrial sediment contamination was dominated by 

fibers, it is possible that these particles—which are only large in one of their dimensions—were  

able to easily sink to greater depths especially with the observed increasing of bulk density with 

depth. Movement of microplastics may account for the observed uniformity of particle sizes 

between sediment depths, and the presence of particles detected in pre-industrial sediments, since 

plastic pollution was not present during the pre-industrial period prior to the 1900s.  

In addition to this factor, it is also possible that the source of contamination to which these 

lakes were exposed and lake depth at which sediments were sampled would make it less likely 

for differences in particle sizes, colors and shapes to be observed between recent and pre-

industrial sediments. Remote lakes like Lake 378 and Lake 373 are exposed to very few point 

sources of pollution, which are often responsible for releasing a larger variety of secondary 

microplastics that are carried by pathways such as surface runoff (Wright, Thompson and 

Galloway, 2013). The few studies that have observed microplastic deposition in remote lakes 

appeared to have only displayed a temporal trend when a point source of pollution, such as 

wastewater, impacted the observed lakes (Matsugama et al., 2017; Zhang et al., 2016).  
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Differences in microplastic deposition by depth have also largely been observed in shoreline 

sediments for freshwater lakes and nearshore coastal sediments in marine waterbodies (Claessens 

et al., 2011; Zhang et al., 2016). The deeper points of boreal lakes like Lake 378 and Lake 373 

may be less exposed to more variable shapes, sizes and colors of secondary microplastic 

contamination due to the high density of rooted aquatic macrophytes and other surrounding 

vegetation along the shoreline that trap contaminants from surface runoff (Wetzel, 2001). Thus, 

atmospheric fallout, which generally transports microfibers might be a more significant source of 

pollution towards the pelagic zone of a lake. This may have resulted in more uniformity in 

shapes and colors of particles as well as smaller sized particles overall being observed in the 

sediments at greater depths in the study lakes.    

4.4 Differences in Mean Particle Size, Abundance, Shape and Colors Between Lakes 

There were no significant differences observed between the mean particle sizes and  

abundances between the depths in Lake 378 and Lake 373. Generally, there were also no 

considerable differences in percent abundances for different particle colors and shapes between 

lakes. It was not possible to draw conclusions about the differences between the lakes due to lack 

of statistically significant data and replicates. However, these results suggested that Lake 378 

and Lake 373 likely provide comparable results, meaning that the difference in anthropogenic 

activity to which these lakes were exposed may be adequately minimal in order to observe the 

replications of the temporal trend we have sought to examine through our study. 

4.5 Shortcomings in Methodology  

There were multiple shortcomings in our methodology that may have led to the reduced  

accuracy of our data collection and resulting analyses. A potential source of error in the data 

could have been introduced when samples were transported in aluminum pie trays and beakers 
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between labs and buildings to access drying ovens. Although we ensured that samples were 

covered with aluminum foil, fiber accumulation was still visible on the covers of the samples. 

Despite a current lack of standardized methods for microplastic extraction from environmental 

samples, there are general guidelines and best practices that have been identified as 

contamination reducing measures. These include clean air conditions that would be provided by 

the filtration system of a clean lab and laboratory preparation techniques that require keeping the 

outer covers of samples clean (Hermsen et al., 2018). As the whole procedure could not be 

completed in a clean lab, it is possible that samples were exposed to external sources of 

microplastic contamination. 

Additionally, the 1.4 g/ml density of the CaCl2(aq) that was used to perform density 

separation on sediment samples was also close to or less than the densities of certain polymers 

such as polyvinylchloride (1.38-1.55 g/mL) and polyethylene terephthalate (1.38-1.41 g/mL) 

(Vitz et al., 2009). Although densities vary based on polymer composition as well as by additives 

bound to the plastic, it is possible that denser plastics settled out of the solution and were not 

recovered after density separation. Using a solution with a greater density like 1.6 g/mL ZnCl2(aq) 

could assist in resolving this issue in the future. 

Results from particle size measurements may not have been represented accurately, 

because only the longest dimension of particles was measured. This appeared to mischaracterize 

particles such as fibers, which were small, difficult to handle and could be subject to vertical 

migration (O’Connor et al., 2019). Fibers were characterized as microplastics due to a singular 

long dimension. Therefore particles shaped differently, such as fragments, may have had similar 

reported sizes to fibers, however were in actuality larger as they differed in other dimensions. 

Thus, it is possible that particle size varied by depth based on other dimensions. Measuring all 
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dimensions of each particle might have allowed for a more accurate analysis of particle size by 

depth. 

Notably, the final step in identifying particles from our sediment samples was visual 

characterization. A growing literature base has suggested that chemical analysis is required for 

more accurate representation of microplastic concentrations. Lenz et al. (2015) used Raman 

spectroscopy to confirm the composition of particles visually identified as microplastics from an 

environmental sample and 68% were identified as being plastic polymers. Another similar study 

by Löder and Gerdts (2015) found that rates of accurate visual identification were as low as 1.4% 

after confirming with micro-Fourier transform infrared spectroscopy. In our study, the accuracy 

of visual identification could have been further impacted by small sized particles (i.e. minimum 

sizes reaching as low as 42 µm) being present among very fine sediment. This rendered sorting 

through sediment for potential microplastics—especially shapes such as fragments and beads—

difficult. Therefore, visual identification had the potential to introduce bias into the results.    

 Furthermore, although RO water blank samples were processed to correct for 

contamination at the data analysis stage, positive control samples could not be processed in this 

procedure. Positive control samples are blank samples that have been spiked with a known 

number and type of microplastics (Hermsen et al., 2018). These samples provide information on 

microplastic recovery rates for the extraction study. In addition to correcting for the accuracy of 

the protocol, positive controls also assist researchers in taking into consideration the experience 

level of the individual who is counting and characterizing the microplastics in the samples. In the 

absence of chemical analysis, employing this method would have greatly assisted in 

understanding the accuracy of our results.  
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 Moreover, sediment cores were not dated experimentally using radiometric dating 

methods like Pb-210. The time periods corresponding to the sediment depths were estimated 

using sediment profiles and Pb-210 dating information for Lake 378 and Lake 373 from past 

studies. Disturbance events or changes in sedimentation rates between the time period that the 

studies were published and sampling for the current study was conducted may account for 

discrepancies observed in the results when compared to the predicted trends. 

4.6 Potential Sources of Error Caused by Equipment 

There was also the possibility that error originating from laboratory equipment may  

have contributed to reducing the accuracy of the results. For instance, the first oven used to dry 

sediment samples was not correctly calibrated. This resulted in the oven overheating past 80°C 

on at least two occasions. The maximum recommended temperature in sample processing 

procedures to extract microplastics has been designated as 70°C by Munno et al. (2018). Above 

this temperature, microplastics may degrade in environmental samples. During these incidents of 

temperature rising, both Lake 378 pre-industrial sediment samples and Lake 373 recent and pre-

industrial samples were present in the oven. Therefore, it is possible that microplastics in these 

samples were affected. Nonetheless, it is also important to note that the lack of standardized 

methods for processing microplastics in environmental samples has resulted in inconsistencies 

between methods used to study microplastics in sediments. Although Munno et al. (2018) has 

recommended 70°C as a maximum temperature, methods published by the National Atmospheric 

and Oceanic Administration suggest drying sediments at 90°C (Masura et al., 2015). 

Though likely not a significant source of error for analyzing microplastic abundances, the 

lack of a micrometer-scale ruler to measure the size of microplastics could have affected the 

results obtained detailing trends in sizes of particles across sediment depths. A considerable 



 53 

percentage of measured particles were less than 1 mm in length. However, as we only had access 

to a 30 cm ruler, the 1 mm markings on the ruler were used to calibrate measurements in ImageJ. 

Although not always accessible, the use of well-calibrated instruments is crucial to studies 

extracting microplastics from environmental samples due to the small size and fragility of the 

particles, especially when exposed to high temperatures and other potentially degrading 

processes.  

4.7 Next Steps and Improvements for Future Research 

For our study, the next steps in better understanding the difference in recent and pre-

industrial sediments would be to use a chemical analysis technique on recovered particles in 

order to confirm whether they are plastic, and identify polymer types. This would assist in 

removing any particles that are not microplastics from the data set prior to analysis and provide a 

more accurate depiction of the baseline levels of microplastics in the study lakes. With chemical 

analysis it would be possible to determine whether sediments contain the levels of microplastics 

estimated by particle counts or if over-estimation occurred from visual characterization. 

Additional characteristics of the particles, including remaining particle dimensions and 

mass could also be measured. These particle characteristics could be used to gain a clearer 

understanding of the types of particles in recent and pre-industrial sediments. More detailed size 

measurements would be necessary to ascertain how particles recovered from recent and pre-

industrial sediments moved throughout the water and sediment columns to reach their position.  

Future baseline studies should take into account potential spatial differences that could 

affect microplastic abundances and characteristics within remote boreal lakes. The sampling 

location at the study lakes could have contributed to variations in temporal trends in sediments 

based on where sediment cores were collected in relation to the shoreline, other tributaries and 
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point source pollution. Collecting replicates of cores from multiple sites within a lake would 

provide a better understanding of whether the sediment record could act as proxy data to account 

for the lack of consistent long-term monitoring programs to track microplastic pollution. 

It may also be beneficial for sediments that have not been radiometrically dated for 

several years to be dated using radioisotopes to ensure that particle abundances are more 

accurately reported based on sedimentation rates and any signature of sediment disturbance 

events are accounted. The purpose of this would be to gain more precise information on the time 

periods being analyzed. With uncertainty surrounding the specific impacts of climate change on 

the study lakes’ sedimentation rate, recent data on sedimentation rate may be necessary to more 

accurately track contamination in understudied lakes.  

 
5. Concluding Summary 

 
5.1 Main Results 
 
Overall the differences observed in mean particle abundance, mean particle size, shapes and  

colors did not provide conclusive results to indicate whether recent and pre-industrial sediments 

in Lake 373 and Lake 378 could be used to track the general long-term trend of environmental 

microplastic pollution over time. No significant differences were observed in the mean particle 

abundances expressed as deposition rates in recent and pre-industrial sediment in Lake 378 and 

Lake 373. There were also no significant differences in mean microplastic sizes between depths 

in both lakes. With respect to percent abundance of recovered shapes, fibers and fragments were 

the most commonly recovered particles in recently deposited sediments for Lake 378 and Lake 

373, while the pre-industrial sediments for both lakes were dominated by fibers. There appeared 

to be no considerable differences in the number of shape categories present between sediment 
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depths in both lakes. No substantial differences were also observed between the types and 

numbers of color categories in recent sediments and pre-industrial sediments.  

5.2 Conclusion 
 
Based on the results from this study, it does not appear as though microplastics in remote 

boreal lake sediments display a difference in recent and pre-industrial sediments that track 

known trends in plastic pollution over time. Further investigation with chemical analyses, 

additional characterization of particles as well as exploration of the spatial differences in  

microplastic deposition at study lakes must be considered prior to drawing conclusions about the 

viability of using remote boreal lake sediment to extrapolate monitoring data.  

Through this baseline study, characterizing particle abundances in recent and pre-industrial 

sediments assisted in contributing to the body of research knowledge on microplastics in 

freshwater sediments and the use of sediments for monitoring microplastic pollution. It also 

showed the need to consider ecosystems besides those in marine and urban environments. 

Continued baseline quantification and characterization of microplastics in a variety of abiotic and 

biotic environmental compartments will need to be conducted in order to understand the extent 

of microplastic pollution in different ecosystems and eventually inform future impact studies.  
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APPENDIX 

 
Appendix A 

 
SOP Microplastic Extraction from Sediment Samples  
Prepared by Minoli Dias 
 
Purpose: 
The following SOP details the methods that will be used to extract, count and categorize microplastics >53µm. Each 
sample will be analyzed for particle abundance, and characteristics, including color, type (foam, film, fragment, or fibre), 
and size.  
 
Overview: 
This protocol is based on wet peroxide oxidation and density separation protocols developed by Keenan Munno and 
Hannah De Frond of the Rochman Lab. Sediment samples will be oven-dried and undergo a wet peroxide oxidation. All 
samples will be subject to a density separation step, size fractioned using sieves (500µm, 212µm, 106µm, and 53µm), and 
recovered particles will be visually analyzed through microscopy and later identified by FTIR in accordance with a 
separate protocol. The protocol below describes the steps that will be used to process a single sediment sample. 
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Materials/Equipment: 
Cleaning Materials 

• Natural sponge  
• Low foam dish soap 
• Drying rack 
• Paper towels (no Kim wipes should be used) 
 
General  

• Drying oven 
• Fume hood 
• Hot plate stirrer  
• Magnetic stir bars (non-plastic) 
• Beakers, 500 mL, 4 for each sample  
• Beakers, 250 mL 
• Watch glasses 
• 8-in metal sieve (53µm pore size ) 
• Metal sieve pan 
• Tubing for DI water tap   
• Metal Spatula   
• Large and small metal spoons  
• 3 Squirt bottles (polypropylene)  
• Sample containers/jars (4 for each sample) 
• Weighing balance 
• Labeling tape 
• Sharpie 
• Aluminum foil 
• Aluminum pie trays (1 for each sample) 
• 3 Large waste containers (for CaCl2, digestion 

mixture, sediment) 
• 2 Large solution storage containers 
 
Wet Peroxide Oxidation 

• Ice bath (container e.g. glass or stainless-steel pan, 
EPS cooler filled with ice) 

• 1 Graduated glass cylinder, >20 mL size  
• 1 Graduated glass cylinder, >250 mL size  
• 30-35% hydrogen peroxide, up to 100 mL for each 

sample 
• Concentrated sulfuric acid, CAS 7664-93-9, 3 mL  
• Iron (II) sulphate heptahydrate, (FeSO4·7H2O) CAS 

7782-63-0, Fisher cat. 1146-500, 7.5 g 
• Pipette (to add 3 mL of sulfuric acid to digestion 

solution) 
• Pipette tips  
• Small beaker (to pipette 3 mL of sulfuric acid from) 

• Contrad 70 (or other similar detergent)  
• 2 Thermometers  

 
Density Separation 
• CaCl2, 800 g/sample (round up) 
• Glass beaker, 2 L 
• Glass beakers, 1 L (1 per sample)  
• Hydrometer 
• Soup spoon/gravy ladle 
• 20 µm pore size glass fiber filters  
• Vacuum Filtration System (glass or stainless-steel): 

2 x plastic tubing 
2 x 1000 mL filtering flasks with stoppers 
1 x Buchner filtering funnel 
1 x filter base 
1 x metal clamp 

• 20 µm cellulose filters 

 
For counting  

• Microscope with camera attachment 
• Computer with ImageJ 

(https://imagej.nih.gov/ij/, freely available)  
• Filter holders (1 per sample: ~60) 
• 60 Polycarbonate filters 
• Metal fine-tip forceps 
• Transfer paper 
• Ruler
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Personal Protective Equipment (PPE): Unless additional PPE or safety precautions are specified, a 
cotton lab coat and blue nitrile gloves must be worn at all times when handling samples.  
 

A. Preparation 
1. To avoid contamination in the laboratory environment, all materials, including the exterior of sample 

jars, must be washed with soap and rinsed 3x with DI water 
a. Sieves should be cleaned between uses (i.e. between samples or at the end of each use, and 

between the wet peroxide oxidation and density separation steps) with soap, water and a 
natural sponge 

b. When possible, tools should be left out to air dry 
c. If tools are air dried, ensure to rinse 3x before next use 

2. Where possible, materials, including aluminum foil should be air blown 
3. Unused samples should always be covered by a watch glass or with aluminum foil 
4. All beakers and jars containing samples or substances should be clearly labelled with appropriate 

safety warnings, description of contents, and the user’s initials  
5. Any deviation from the SOP should be noted on the hard copy and transferred to the electronic 

version as a tracked edit after each sample processing session 
6. All observations and measurements should be logged in the One Drive journal and Excel data sheets 

a. At the end of each day, the date and sample IDs removed for processing along with a brief 
summary of any notable events should be recorded in the OneDrive journal 

7. An RO blank and positive control should be processed for each lake (See Appendix B) 
8. As samples are being processed in multiple labs in the Biosciences Complex and Miller Hall (i.e. 

Clean Lab, Lab 448 and Brown Lab), at the end of each day, sample locations must be updated on 
the OneDrive spreadsheet  

a. All masses and the steps followed for each sample will also be recorded on the OneDrive 
spreadsheet 

b. The spreadsheet will be downloaded once per week for back up  
 

B. Sediment Drying Process (Clean Lab, Biosciences Complex; Lab 448, Miller Hall) 
1. The night prior to sample processing, set the drying oven temperature to 50-55°C, ensure that the 

temperature has stabilized prior to placing samples in the oven the following day 
a. As the oven in Lab 448 is not properly functioning, it is necessary to monitor the temperature 

of the lowest shelf on which samples are sitting to ensure that it does not spike above 55°C 
2. Remove sample jars with sediments from the fridge by the Clean Lab and rinse 3x with DI water 
3. Transport sample jars to Lab 448  
4. Cut two pieces of aluminum foil large enough to loosely cover two rectangular aluminum pie trays 

a. Cover the pie trays with foil and label them (i.e. Sample # (1/2); Sample # (2/2)) 
b. Using a pin, poke holes in the foil covers (this will allow moisture to escape from the sample 

during drying, while minimizing contamination) 
c. Measure and record the mass of the pie tray, foil and label 

5. Use a metal spoon to scoop the contents of one sample jar into two aluminum pie trays and spread 
sediments evenly across the bottom of the trays 

a. If a considerable amount of sediments remain in the jar and on the spoon, use small amounts 
of DI water to wash them into the tray 

b. Where possible, minimize the volume of DI water poured into the tray 
6. Cover the trays loosely with the aluminum foil cover 
7. Measure and record the mass of the trays with the samples and calculate sample wet mass 
8. Place the trays in the drying oven  
9. Drying time for each sample will depend on its water content  
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a. Measure the mass of the sample trays in the morning on entering the lab, record the time of 
measurement and the time all trays were returned to the drying oven  

b. After at least one hour from when the samples were placed in the oven, measure and record 
the masses of sample trays again  

c. Once the a single pie tray’s mass stabilizes to 0.1g for 3 measurements (i.e 12.241g, 12.235g, 
12.230g), remove the tray from the oven, the third mass that was recorded will be used to 
calculate dry mass   

d. Cover the whole tray including the aluminum foil cover with another clean piece of 
aluminum foil  

10. Once both trays of a single sample are dry, return the sample to the clean lab  
 
 

C. Wet Peroxide Oxidation (Clean Lab, Biosciences Complex) 
PPE: Steps 3-16 should be conducted under the fume hood with safety goggles and 
thick green nitrile gloves  

1. Prepare an ice bath in a large container and place it under the fume hood 
a. Ice from the 3rd floor ice machine in the Biosciences Complex can be used (Equipment Bay 

3411) 
2. Transfer each sample (i.e. this might be two pie trays if sample was split for drying) to a clean 500mL 

beaker  
a. If necessary, a spoon can be used to transfer the sample from the pie tray to the beaker, but be 

cautious to avoid scraping sediments excessively so that any potential microfibers in the 
sample do not fragment further 

b. If there is any visible sediment on the inside of the first aluminum foil cover of the sample’s 
pie tray, use small amounts of DI water to wash it into the beaker 

c. Wash the pie tray 3x with DI waster into the beaker 
d. Place a thermometer into the beaker 
e. Cover the beaker with aluminum foil  

3. In the fume hood, lift one side of the aluminum cover foil cover and using a graduated cylinder, add 
20 mL of FeSO4 •7H2O(aq) to the beaker 

4. Using a graduated cylinder, add 20 mL of H2O2 to the sample  
5. Turn the hot plate stirrer on at low-to-medium heat (~65°C) 

a. Place the beaker on to the hot plate stirrer and occasionally swirl it  
b. Allow the mixture to heat slightly  

i. Observe the mixture for the formation of excessive bubbles, if this begins to occur, 
stir the sample lightly with a spoon or carefully swirl the solution 

ii. Add small volumes of DI water if the foam and bubble layer that has formed begin to 
rise to a level of >50mL  

iii. Monitor the temperature of the mixture and remove it from the hot plate once it 
reaches 40°C 
NOTE: Closely monitor the temperature, DO NOT leave the mixture unattended 
on or off the hot plate stirrer as it is prone to overheating and the temperature 
should remain <55°C at all times 
- If the solution is heating at a slow rate, allow the temperature to reach 45°C on 

the hot plate and remove the beaker at that time  
iv. Allow the reaction to continue occurring, but closely monitor the temperature and 

mix as needed 
v. Once the temperature reaches 45°C, place the beaker in the ice bath and allow the 

mixture to cool to 30°C before removing the beaker  
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- If the temperature does not increase past 40°C, leave the sample sitting and 
move it to the ice bath once the bubbles appear to be rising at a slower pace or 
until the temperature drops by at minimum 2°C 

6. Once the sample has cooled to 30°C, repeat steps 4-5 until a total of 5 aliquots (5x20 mL) of H2O2(aq) 
have been added to achieve a Fe2SO4 • 7H2O:H2O2 ratio of 1:5 by volume 

a. Make sure to alter the beaker labels with the addition of each subsequent aliquot or track the 
number of aliquots added on the fume hood with white board markers  

7. After this round of digestion is complete, and the solution has returned to 30°C or less, remove the 
beaker from the ice bath 

8. Pass the sample through the 53µm sieve with the sieve pan underneath  
a. Rinse the aluminum foil cover 3x with DI water into the sieve  
b. Rinse the thermometer 3x with DI water into the sieve  
c. Remove the sieve from the sieve pan and place it at an angle facing towards you in a second, 

clean sieve pan 
d. Place the sieve sitting in the sieve pan in the sink 
e. Pour the contents of the first sieve pan into the designated 2L waste beaker in the fume hood  

i. As the waste beaker fills, transfer the solution into the 4L plastic waste containers 
located in the cupboard under the fume hood  

9. In the sink, point the hose away from the sample and press the white tab on the DI water tap gently 
until a clean stream of water begins to flow (i.e. ensure that the stream of water is not meandering or 
spraying) 

a. Carefully rinse the sediments in the sieve down to the bottom “edge,” then rinse the sieve an 
additional 3x in the same manner to ensure that any additional particles are collected  

b. If the sieve pan fills with water, switch it out for the first sieve pan sitting in the fume hood 
and empty the second sieve pan into the waste beaker in the fume hood 
NOTE: If the water in the second sieve pan in the sink is running clear (i.e. no yellow or 
beige tint), water can be poured down the sink 

10. Move the sieve with sieve pan back into the fume hood and spoon the sample back into the same 
500mL beaker 

a. Wash the spoon 3x with a DI water wash bottle into the sieve 
b. Wash the sieve 3x with a DI water wash bottle to collect the remainder of the sample to one 

side of the sieve and guide the rest of sample into the beaker by tilting the sieve at an angle 
above the beaker and carefully washing the sediments in 

c. Once all the sediments have been washed from the sieve back into the beaker cover the 
beaker with its aluminum foil cover 

11. Repeat steps 1-12 until the sample has been digested to the desired extent  
a. 5 aliquots of H2O2(aq) = 1 round of digestion), most fine sediment samples from ELA appear 

to require 2-3 rounds of digestion, samples with a small mass can undergo 1 round  
 

D. Alcojet Soak (Clean Lab, Biosciences Complex) 
1. Once all particles have been successfully combined in a clean 500mL beaker, add 10% filtered 

Alcojet solution at a volume equal to that of the sediment and water in this beaker   
b. Rinse off any particles adhering to the side of the beaker in this process 
c. Swirl the beaker slightly to mix the detergent and the water 
d. Cover the beaker with aluminum foil and allow the sample to soak for at least 3 hours 

(samples with fatty residue should be soaked for longer) 
2. Once the detergent soak is complete, pour the contents of the beaker through the 53µm sieve 

a. Switch out the sieve pan with the Alcojet for a new sieve pan and discard the Alcojet in 
its appropriate waste container 

b. Wash the 500mL beaker 3x with DI water into the sieve  
c. Repeat step C9. 
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d. Water in the sieve pan can be poured down the sink  
3. Using the least volume of water possible, transfer the remaining sediment and particles in each 

sieve back to their labelled 500mL beaker 
a. Loosely cover each beaker with aluminum foil 
b. Add an additional label (“Drying #2”) on to the beaker above the first label   

 
E. Second Sediment Drying Process (Lab 448, Miller Hall) 

1. Transfer the beaker back to Lab 448 or the Brown Lab 
2. Using a pin poke holes in the top of the beaker’s aluminum foil cover to allow moisture to escape  
3. If it has not been set already, set the drying oven temperature to 35°C 
4. Check the condition of the sediments twice per day, until they are visibly dry (i.e. once when coming 

into the lab and once before leaving) 
a. At the end of each day, if samples appear to be close to drying (i.e. water level is <75mL), 

remove these beakers to avoid overnight drying  
b. Beakers can be returned to the drying oven in the morning  

5.  A sample can be considered dry once the water level has evaporated and the sediments appear to be 
wet but disaggregated 

a. If the sample has dried too far, to the point where sediments appear to be dried to the bottom 
of the beaker or cracking in the sediment layer is visible, another round of digestion must be 
performed 

6. Transfer the beaker back to the Clean Lab  
 

F. Density Separation and Filtration (Clean Lab, Biosciences Complex) 
NOTE: At this step a single sample has been digested and dried, and is typically contained 
in one beaker.  

1.  Add a minimum of 300mL CaCl2 solution to the beaker containing sediments (Beaker 1), ensuring a 
significant gap between the sediments and the surface of the solution 

a. Use a wash bottle filled with CaCl2 to rinse around the sides of to ensure that particles are not 
adhered to the side of Beaker 1  

b. Vigorously stir the solution for 3 minutes with a metal spoon, making sure all sediments are 
well incorporated into the solution, and not dried to the bottom of Beaker 1 

c. Rinse the spoon 3x into the beaker with the CaCl2 wash bottle, and rinse the sides of the 
beaker as well 

d. Place Beaker 1 in an easily accessible location (i.e. where you can complete the following 
steps easily without having to move the beaker and cause the particles to re-suspend) 

e. Cover the beaker with aluminum foil, record the time and mark the density separation cycle 
number on the beaker’s label (ex. label might read “DS1: Sept. 3/19 2:44pm”) 

f. Let the solution sit and the particles settle for 2 hours 
  NOTE: CaCl2 solution will only last ~2-3 days maximum in the squirt bottle 

2. Carefully scoop the top layer of Beaker 1 into a 1L beaker (Beaker 2) using a metal spoon, while  
making sure not to disturb the settled sediments and not to move the beakers 

a. Rinse the spoon 3x into Beaker 2 with CaCl2  
b. Carefully rinse the sides of Beaker 1 with CaCl2 to remove any particles stuck to the sides 
c. Pour the remaining solution from Beaker 1 into Beaker 2, being cautious to avoid decanting 

settled sediment  
i. When the settled sediment begins to show significant movement towards the mouth 

of the beaker, stop pouring 
d. Cover Beaker 2 with aluminum foil 
e. Repeat step 1 on Beaker 1, then repeat step 2 by spooning and decanting the solution from 

Beaker 1 into Beaker 2  
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3. Stir the contents of Beaker 2 for 3 minutes, rinse the spoon into the beaker with CaCl2 and cover it 
with aluminum foil 

a. Let the solution in Beaker 2 sit for 12-24 hours overnight and record the time at which the 
process ended 

b. Make sure to mark the density separation cycle number on the beakers’ label (ex. “DS2”) 
4. Spoon the top layer of Beaker 2 over a 20 µm cellulose filter in the Buchner filtration system and 

decant the remaining supernatant over the filter (see step 2 c.) 
a. Turn off the vacuum valve 
b. Remove the stopper on the Buchner flask without disconnecting it from the frit and funnel 
c. Pour all of the CaCl2 in the Buchner flask into the “Used CaCl2” container  
d. Re-attach the Buchner filtration system 
e. Turn on the vacuum valve 
f. Rinse the funnel with the filter in it 3x using DI water 
g. Turn off the vacuum valve 
h. Carefully remove the clamp and remove the funnel from the frit 
i. Using tweezers, transfer the filter to a labelled filter holder 

5. Pour the settled sediments from Beaker 2 back into Beaker 1, rinse Beaker 2 3x with small volumes 
of DI water into Beaker 1  

a. Pour the settled sediments from Beaker 1 through the 53 µm sieve  
b. Transfer the CaCl2 from the sieve pan into the “Used CaCl2” container using a funnel  
c. Wash the sediments in the sieve with water and bring them to one side of the sieve pan  
d. Transfer the sediments in the sieve to the jar using a spoon and DI water wash bottle 

 
G. Quantification and Characterization with Microscopy (Clean Lab, Biosciences 

Complex) 
1. Place the filter in its holder under the microscope  
2. Count the number of particles on the filter  
3. Take a photograph of the filter under the microscope 

a. Observe each particle under the microscope, designate particles with an identification number 
and categorize them by shape and color (see example of observation table below) 

4. Use ImageJ (https://imagej.nih.gov/ij/) to measure the length of the particle’s longest side 
a. Click the ImageJ icon on the computer desktop to open the application  
b. Select File and then Open to choose the image of the particle whose size you wish to measure 
c. Click the icon displaying a line and using the mouse, draw a line the length of 1mm on the 

ruler in the photo 
d. Select Analyze and then Set Scale 
e. In the text box designated as “Known distance,” type “1” 
f. In the text box designated as “Unit of length,” type “mm” 
g. Click Ok  
h. Draw a second line across the longest length of the particle in the photo 
i. Select Analyze and then Measure 
j. A window labelled “Results” will open and a measurement of the particle’s longest side will 

appear under the “Length” heading. Record this in the appropriate column in the data table 
 
APPENDIX  
 
A. Solution Preparation Methods 

 
A-1 Wet Peroxide Oxidation  

Sediment 
Sample ID 

Total No. of 
Particles Particle ID 

Size Fraction 
(µm) 

Length of Longest 
Side (µm) 

Shape (i.e film, foam, 
fiber, unknown) Color 

MP0091 2 
91.1 53-106 60 fiber blue 
91.2 106-212 130 film transparent 
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Digestion Solution  
1.  Using a metal spatula, measure 7.5g of FeSO4·7H2O onto a watch glass and place into a 1L beaker 
2. Add 500mL of DI water to the beaker 

a. Wash the face of the watch glass 3x with DI water into a 500mL beaker, fill the beaker to the 
500mL mark and pour the water into the 1L beaker  

3. Add 3mL of concentrated sulfuric acid to the beaker using a pipette  
4. Place a stir bar into the beaker and cover the beaker with aluminum foil  
5. Move the beaker onto the hot plate stirrer and allow the solution to mix at medium speed until all 

particulates have completely dissolved (~30 min.) 
6. Once the solution is completely mixed, filter it using a Buchner funnel vacuum filtration setup 

(Appendix A-3) 
 

• 10% Alcojet Detergent Solution  
1. Place a stir bar in a 2 L beaker and place the beaker onto a balance 
2. Tare the balance 
3. Measure 100 g of Alcojet detergent into a 2 L beaker 
4. Using a graduated cylinder, add 1 L of DI water to the 2 L beaker 
5. Turn the hot plate stirrer on to mix the solution until the detergent is fully dissolved 
6. Let the solution sit and cool to room temperature (~25°C) 
7. Filter the solution (Appendix A-3) 
8. Store filtered detergent solution in a clean container/jar for later use 

 
A-2 Density Separation    

CaCl2 Preparation 
1. Prepare CaCl2 solution of 1.4 g/mL. and complete solution preparation in the fume hood to contain 

any mess  
a. Make 1.2 L of CaCl2 (more can be made and stored when carrying out multiple density 

separations) 
b. Place a stir bar in a 2 L beaker, place the beaker on the hot plate stirrer and cover it with 

aluminum foil 
c. Weigh 800 g of CaCl2 and place in the 2 L beaker (saturation is around 1117.5 g/1500 g water at 

20 ºC) 
d. Add 1.2 L of DI water to beaker and re-cover it with aluminum foil 
e. Turn the stir speed on the hot plate stirrer to medium and adjust the speed as necessary  

i. wait until all CaCl2 dissolves in the water and the liquid becomes (almost) colorless 
(approximately 30 minutes) 

2. Once the CaCl2 has dissolved, switch the hot plate stirrer off 
a. Check the density of the solution using a hydrometer 

i. Allow the solution to cool to room temperature 
ii. When using hydrometer, roll between your hands and lower slowly into water 

iii. Note the density at the bottom of the meniscus  
3. If the density is at 1.4 g/mL (meniscus touching the 1.4 line), the CaCl2 mixture is ready and you may 

skip to Appendix A-3,  but if it is below 1.4 g/mL you may need to add more CaCl2 pellets to the 
solution 
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a.  Add CaCl2 in small amounts (up to 50 g), stir the solution, leave it to cool, and verify the density 
until it reaches 1.4 g/mL 

b. Filter CaCl2 solution (Appendix A-3) 
 

Re-using CaCl2 

1.    Once the CaCl2 has been used for the density separation, it can be placed into a separate beaker or  
container for re-use 

2. Before re-using the solution, ensure that the solution is clear enough, does not have a brown tinge or 
any visible particles 

a. If the solution is discolored or contains particles, filter it (Appendix A-3) 

b. Check the solution density (see previous section, step 2.a) 

i. If the density is too low, adjust the solution accordingly (see previous section step 3), if the 
density is too high, add small volumes of water  

c. Check the density once the solution is adjusted to ensure that it is at 1.4g/mL 

 
A-3 Solution Filtration 
• Filter solution using Buchner funnel vacuum filtration 
1. Set up the filtering apparatus by placing a stopper with a hole into a Buchner flask, place the frit into 

the stopper 
2. Pick up a 20um glass fiber filter, sandwiched in between two fine pieces of paper, and carefully shift 

the paper with your fingers before placing it on the frit  
NOTE: Be cautious to avoid touching the filter paper with bare hands  

3. Place the Buchner funnel base on top of the filter and frit, and secure the two parts with a metal clamp 
4. Connect one end of a rubber tube to the outlet of the Buchner flask and the other end to a second 

Buchner flask  
5. Insert a stopper with an attached tube into the second Buchner flask and connect the tube to the 

vacuum outlet on the lab bench 
6. Turn on the valve and allow it to run for a few seconds to ensure that the system is functioning  
7. Pour the solution into the Buchner flask, ensuring not to fill the funnel more than halfway 

NOTE: Empty the flask before it reaches the tube attachment and spills liquid over into the second 
flask, it may be useful to make a mark with red labelling tape at which the solution should be 
emptied before continuing to filter the remaining volume  

 
B. Blank Samples and Positive Controls 
 
B-1 RO Blank Procedure  

A single RO blank will be processed per lake, the same procedure as outlined for sediment samples 
will be followed for the blank. The general steps for the procedure are outlined below. However, the 
specific instructions indicated in the sediment protocol must be followed. One RO blank will be 
processed per lake. 
 

1. Place RO blank in an aluminum pie tray and allow it to dry in the Lab 448 drying oven  
2. Using a DI water wash bottle, was the inside of the pie tray into a 500mL beaker  
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3. Perform the wet peroxide oxidation protocol on this sample, ensure to add the average number of 
H2O2 aliquots used for the samples in that lake  

4. Once the digestion is complete, pass the blank through the 53µm sieve 
5. Using DI water, wash any particles in the sieve into another 500mL beaker  
6. Perform an Alcojet soak and sieve the sample before returning it to its beaker 
7. Dry the blank for a second time  
8. Perform the density separation in the same beaker using CaCl2(aq) 
9. Pass the sample through the 20 µm cellulose filter  
10. Count the recovered particles and visually characterize them under a microscope as detailed in the 

protocol 
 
B-2 Positive Control Procedure 
 A single positive control sample will be processed per lake. Once the sample is created, it will  

follow the same steps as the sediment samples. 
1. Measure 13g of Ottawa sand into a glass jar, add DI water until the mass attains 167g 
2. Spike the sample with 10 microplastic fibers  
3. Shake the jar well 
4. Follow steps in sections A-G of the protocol  
5. Record the number of recovered fibers  
6. Calculate an average percent recovery across the positive controls  
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Appendix B: 

 
Table 3: Summary table of units and methods used to collect sediment samples for microplastic 
characterization   

Reference Sediment Sample Collection Method Units  
Vaughan et al. (2017) Corer n/100g and n/kg dw 

Castañeda et al. (2014) Petite Ponar grab n/m2 

Turner et al. (2019) Piston corer n/kg dw 

Zhang et al. (2016) 20 x 20 quadrats, top 2cm  n/m2 

Zhang and Liu (2018) Spade digging at different depths n/kg dw 

Claessens et al. (2011) Coring and Van veen grab n/kg dw 

Sruthy et al. (2017) Van Veen grab (25 cm^2 area) n/m2 

Shruti et al. (2019) Trowel and Van Veen grab n/kg dw 

Matsugama et al. (2017) Gravity corer n/kg dw 

Ballent et al. (2016) Traps, corers and grabs n/kg dw 

Peng et al. (2018) Shovel n/kg dw 

Dikareva and Simon et al. (2019) Container of 150mL  at ~5cm depth n/kg dw 

Su et al. (2016) Peterson sampler n/kg dw 

Wang et al. (2017) Shovel 2cm deep, 20x20cm area n/kg dw 

Wen et al. (2018) Shovel 5cm deep n/kg dw 

Nel, Dalu and Wasserman (2018) 2kg sample from upper 5cm  n/kg dw 

Blair et al. (2019) 
Bulk sediment samples w/ spade at 8 and 10cm 
depths n/kg dw 

Wang et al. (2019) Shovel, corer n/kg dw 

Abidli et al. (2017) Spatula, 25cm quadrats, 2-3cm deep n/kg dw 

Chen et al. (2018) Shovel, top ~5cm 
n/kg (unknown- samples 
were dried though) 

Yuan et al. (2019) Van Veen grab  n/kg dw 

Wessel et al. (2016) Top layer 3-6cm n/m2 

Mu et al. (2019) Box corer, 1kg, top 5cm n/kg dw 

Naji et al. (2017) Spoon, wooden frame, 3kg/sample, 1m2 area n/kg dw 

Ding et al. (2019) Grab (B-10104, Ravenep) 

n/kg (unknown but 
samples were dried at 
70°C) 

Lin et al. (2018) Van Veen grab, top 5cm, 2kg total n/kg dw 

Jiang et al. (2018) Shovel, top 0-2 cm n/m3 

Xiong et al. (2018) Shovel, 0-2cm, 20cm quadrat n/m2 

Yu et al. (2016) Metal ring, 25cm diameter, 2cm deep, shovel n/kg dw 

Tsang et al. (2017) Ekman dredge, 3kg total n/kg (unknown) 

Di and Wang et al. (2018) Van Veen grab (2500cm^2) n/kg ww 
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Cheang, Ma and Fok (2018) Metal spade, top 4cm n/kg dw 

Zhao et al. (2018) Box sampler n/kg dw (and n/g dw) 

Zhang et al. (2017) Peterson grab sampler n/m2 

Rodrigues et al. (2018) Van Veen grab n/kg dw and mg/kg dw 
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Appendix C: Raw Data 
 

Table 4: Raw data with particle counts and characteristics by sample  

Sediment 
Sample ID  

Total 
No. of 
Particles  Particle ID  

Length of 
Longest Side 
(mm)  Shape Color 

Color (Based on 
Provencer et al. 
(2017) 
Categories) 

MP0011 12 MP0011-1 0.756 fiber black black 

MP0011 MP0011-2 2.396 fiber black black 

MP0011 MP0011-3 2.061 fiber blue blue-purple 

MP0011 MP0011-4 2.816 fiber black black 

MP0011 MP0011-5 1.595 fiber red red-pink 

MP0011 MP0011-6 2.364 fiber blue blue-purple 

MP0011 MP0011-7 2.621 fiber brown orange-brown 

MP0011 MP0011-8 1.608 fiber orange orange-brown 

MP0011 MP0011-9 2.374 fiber black black 

MP0011 MP0011-10 0.783 fiber black black 

MP0011 MP0011-11 0.29 fragment green green 

MP0011 MP0011-12 0.33 fragment green green 

MP0012 40 MP0012-1 0.911 fiber black black 

MP0012 MP0012-2 0.494 fiber black black 

MP0012 MP0012-3 0.945 fiber black black 

MP0012 MP0012-4 1.249 fragment black and grey black 

MP0012 MP0012-5 0.672 fiber grey grey-silver 

MP0012 MP0012-6 2.985 fiber grey grey-silver 

MP0012 MP0012-7 2.828 fiber black black 

MP0012 MP0012-8 1.651 fiber transparent off/white-clear 

MP0012 MP0012-9 2.803 fiber transparent off/white-clear 

MP0012 MP0012-10 2.266 fiber grey grey-silver 

MP0012 MP0012-11 0.746 fiber transparent off/white-clear 

MP0012 MP0012-12 1.267 fiber transparent off/white-clear 

MP0012 MP0012-13 0.966 fiber black black 

MP0012 MP0012-14 2.011 fiber transparent off/white-clear 

MP0012 MP0012-15 0.962 fiber grey grey-silver 

MP0012 MP0012-16 1.159 fiber white off/white-clear 

MP0012 MP0012-17 1.69 fiber white off/white-clear 

MP0012 MP0012-18 0.769 fiber white off/white-clear 

MP0012 MP0012-19 2.01 fiber transparent off/white-clear 
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MP0012 MP0012-20 0.431 fiber transparent off/white-clear 

MP0012 MP0012-21 0.661 fiber black black 

MP0012 MP0012-22 1.202 fiber blue blue-purple 

MP0012 MP0012-23 2.868 fiber transparent off/white-clear 

MP0012 MP0012-24 0.366 fiber transparent off/white-clear 

MP0012 MP0012-25 3.395 fiber black black 

MP0012 MP0012-26 3.206 fiber grey grey-silver 

MP0012 MP0012-27 1.187 fiber transparent off/white-clear 

MP0012 MP0012-28 1.505 fiber grey grey-silver 

MP0012 MP0012-29 1.076 fiber pink red-pink 

MP0012 MP0012-30 0.995 fiber transparent off/white-clear 

MP0012 MP0012-31 0.232 fiber transparent off/white-clear 

MP0012 MP0012-32 0.641 fiber brown orange-brown 

MP0012 MP0012-33 1.369 fiber black black 

MP0012 MP0012-34 1.636 fiber bundle transparent off/white-clear 

MP0012 MP0012-35 0.969 fiber grey grey-silver 

MP0012 MP0012-36 0.314 fiber green green 

MP0012 MP0012-37 1.452 fiber white off/white-clear 

MP0012 MP0012-38 0.822 fiber transparent off/white-clear 

MP0012 MP0012-39 1.756 fiber transparent off/white-clear 

MP0012 MP0012-40 1.421 fiber black black 

MP0015 10 MP0015-1 3.735 fiber blue blue-purple 

MP0015 MP0015-2 1.305 fiber black black 

MP0015 MP0015-3 2.028 fiber brown orange-brown 

MP0015 MP0015-4 0.839 fiber black black 

MP0015 MP0015-5 1.45 fiber transparent off/white-clear 

MP0015 MP0015-6 1.004 fiber transparent off/white-clear 

MP0015 MP0015-7 0.388 fiber transparent off/white-clear 

MP0015 MP0015-8 1.335 fiber pink red-pink 

MP0015 MP0015-9 0.478 fiber white off/white-clear 

MP0015 MP0015-10 0.334 fiber blue blue-purple 

MP0013 21 MP0013-1 1.669 fiber black black 

MP0013 
MP0013-2 25.682 fiber 

white and 
silver off/white-clear 

MP0013 
MP0013-3 0.488 fiber 

black and 
silver black 

MP0013 
MP0013-4 0.583 fiber 

white and 
yellow off/white-clear 

MP0013 MP0013-5 1.718 fiber transparent off/white-clear 
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MP0013 MP0013-6 1.243 fiber yellow yellow 

MP0013 MP0013-7 1.268 fiber grey grey-silver 

MP0013 MP0013-8 1.062 fiber grey grey-silver 

MP0013 MP0013-9 0.301 fiber black black 

MP0013 MP0013-10 7.063 fiber transparent off/white-clear 

MP0013 MP0013-11 0.976 fiber bundle transparent off/white-clear 

MP0013 MP0013-12 1.498 fiber transparent off/white-clear 

MP0013 MP0013-13 0.807 fiber transparent off/white-clear 

MP0013 MP0013-14 0.674 fiber transparent off/white-clear 

MP0013 MP0013-15 1.159 fiber transparent off/white-clear 

MP0013 MP0013-16 0.437 fiber transparent off/white-clear 

MP0013 MP0013-17 0.339 fiber transparent off/white-clear 

MP0013 MP0013-18 0.714 fiber transparent off/white-clear 

MP0013 MP0013-19 0.444 fiber transparent off/white-clear 

MP0013 MP0013-20 0.409 fiber black black 

MP0013 MP0013-21 0.732 fiber black black 

MP0016 8 MP0016-1 0.763 fiber blue blue-purple 

MP0016 MP0016-2 1.223 fiber black black 

MP0016 MP0016-3 0.296 bead yellow yellow 

MP0016 MP0016-4 13.202 fiber white off/white-clear 

MP0016 MP0016-5 0.972 fiber black black 

MP0016 MP0016-6 0.482 fiber green green 

MP0016 MP0016-7 0.932 fiber transparent off/white-clear 

MP0016 MP0016-8 1.384 fiber transparent off/white-clear 

MP0044 26 MP0044-1 6.951 fiber blue blue-purple 

MP0044 MP0044-2 1.964 fiber black black 

MP0044 MP0044-3 0.818 fiber black black 

MP0044 MP0044-4 0.629 fiber blue blue-purple 

MP0044 MP0044-5 0.346 fiber red and silver red-pink 

MP0044 MP0044-6 1.417 fiber white off/white-clear 

MP0044 MP0044-7 3.108 fiber blue blue-purple 

MP0044 MP0044-8 1.034 fiber black black 

MP0044 MP0044-9 0.578 fiber orange orange-brown 

MP0044 MP0044-10 1.931 fiber green green 

MP0044 MP0044-11 1.417 fiber green green 

MP0044 MP0044-12 1.262 fiber green green 

MP0044 MP0044-13 0.399 fiber green green 

MP0044 MP0044-14 0.531 fiber green green 

MP0044 MP0044-15 1.002 fiber green green 
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MP0044 MP0044-16 0.715 fiber green green 

MP0044 MP0044-17 0.623 fiber green green 

MP0044 MP0044-18 4.123 fiber green green 

MP0044 MP0044-19 2.767 fiber green green 

MP0044 MP0044-20 3.179 fiber green green 

MP0044 MP0044-21 1.098 fiber green green 

MP0044 MP0044-22 4.238 fiber green green 

MP0044 MP0044-23 2.275 fiber green green 

MP0044 MP0044-24 0.637 fiber green green 

MP0044 MP0044-25 0.992 fiber green green 

MP0044 MP0044-26 0.196 fiber transparent off/white-clear 

MP0060 31 MP0060-1 7.747 fragment blue blue-purple 

MP0060 MP0060-2 0.171 bead yellow yellow 

MP0060 MP0060-3 0.183 fragment orange orange-brown 

MP0060 MP0060-4 2.533 fragment yellow yellow 

MP0060 MP0060-5 0.159 film silver grey-silver 

MP0060 MP0060-6 0.25 fiber black black 

MP0060 MP0060-7 0.309 fiber black black 

MP0060 MP0060-8 0.822 fiber blue blue-purple 

MP0060 MP0060-9 0.199 fiber blue blue-purple 

MP0060 MP0060-10 1.629 fiber green green 

MP0060 MP0060-11 0.185 fragment orange orange-brown 

MP0060 MP0060-12 1.251 fiber blue blue-purple 

MP0060 MP0060-13 0.445 fiber black black 

MP0060 MP0060-14 0.042 bead black black 

MP0060 MP0060-15 0.214 fiber black black 

MP0060 MP0060-16 0.139 fiber black black 

MP0060 MP0060-17 0.186 fiber black black 

MP0060 MP0060-18 0.123 fragment white off/white-clear 

MP0060 MP0060-19 0.76 fiber transparent off/white-clear 

MP0060 MP0060-20 0.938 fiber transparent off/white-clear 

MP0060 MP0060-21 0.076 bead white off/white-clear 

MP0060 MP0060-22 0.225 fiber black black 

MP0060 MP0060-23 0.161 fiber blue blue-purple 

MP0060 MP0060-24 0.313 fiber orange orange-brown 

MP0060 MP0060-25 0.28 fiber orange orange-brown 

MP0060 MP0060-26 0.291 fiber red red-pink 

MP0060 MP0060-27 0.443 fiber grey grey-silver 

MP0060 MP0060-28 0.268 film black black 
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MP0060 MP0060-29 0.163 fiber black black 

MP0060 MP0060-30 0.231 fiber black black 

MP0060 MP0060-31 0.292 fiber black black 

MP0089 16 MP0089-1 0.287 fiber transparent off/white-clear 

MP0089 MP0089-2 4.012 fiber purple blue-purple 

MP0089 MP0089-3 0.784 fiber black black 

MP0089 MP0089-4 0.36 fiber transparent off/white-clear 

MP0089 MP0089-5 0.136 foam black black 

MP0089 MP0089-6 0.154 film blue blue-purple 

MP0089 MP0089-7 0.62 fiber grey grey-silver 

MP0089 MP0089-8 0.201 fiber blue blue-purple 

MP0089 MP0089-9 2.979 fiber blue blue-purple 

MP0089 MP0089-10 0.62 fiber grey grey-silver 

MP0089 MP0089-11 2.272 fiber bundle blue blue-purple 

MP0089 MP0089-12 0.442 film 
black and 
yellow black 

MP0089 MP0089-13 0.187 fiber 
black and 
yellow black 

MP0089 MP0089-14 0.617 fiber transparent off/white-clear 

MP0089 MP0089-15 0.814 fiber yellow yellow 

MP0089 MP0089-16 3.263 fiber transparent off/white-clear 

MP0058 34 MP0058-1 2.847 fiber blue blue-purple 

MP0058 MP0058-2 2.292 fiber transparent off/white-clear 

MP0058 MP0058-3 0.808 fiber green green 

MP0058 MP0058-4 0.658 fiber transparent off/white-clear 

MP0058 MP0058-5 0.597 fiber transparent off/white-clear 

MP0058 MP0058-6 1.265 fiber transparent off/white-clear 

MP0058 MP0058-7 0.769 fiber transparent off/white-clear 

MP0058 MP0058-8 0.322 fiber transparent off/white-clear 

MP0058 MP0058-9 0.387 fiber green green 

MP0058 MP0058-10 0.738 fiber green green 

MP0058 MP0058-11 0.598 fiber blue blue-purple 

MP0058 MP0058-12 1.968 fiber transparent off/white-clear 

MP0058 MP0058-13 0.488 fiber blue blue-purple 

MP0058 MP0058-14 1.599 fiber white off/white-clear 

MP0058 MP0058-15 1.308 fiber black black 

MP0058 MP0058-16 2.415 fiber 
brown and 
white orange-brown 
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MP0058 MP0058-17 0.443 fiber 
brown and 
white orange-brown 

MP0058 MP0058-18 0.272 fiber blue blue-purple 

MP0058 MP0058-19 4.061 fiber transparent off/white-clear 

MP0058 MP0058-20 0.134 film 
silver, blue 
and black grey-silver 

MP0058 MP0058-21 1.881 fiber blue blue-purple 

MP0058 MP0058-22 2.912 fiber green green 

MP0058 MP0058-23 0.88 fiber silver grey-silver 

MP0058 MP0058-24 2.563 fiber transparent off/white-clear 

MP0058 MP0058-25 2.901 fiber transparent off/white-clear 

MP0058 MP0058-26 2.755 fiber bundle 

blue, 
transparent 
and black blue-purple 

MP0058 MP0058-27 1.726 fiber blue blue-purple 

MP0058 MP0058-28 0.601 fiber blue blue-purple 

MP0058 MP0058-29 3.359 fiber green green 

MP0058 MP0058-30 1.256 fiber grey grey-silver 

MP0058 MP0058-31 0.27 fiber blue blue-purple 

MP0058 MP0058-32 0.331 fiber blue blue-purple 

MP0058 MP0058-33 0.699 fiber black black 

MP0058 MP0058-34 2.019 fiber transparent off/white-clear 

MP0059 40 MP0059-1 0.773 fiber black black 

MP0059 MP0059-2 1.518 fiber bundle blue and grey blue-purple 

MP0059 MP0059-3 1.217 fiber green green 

MP0059 MP0059-4 0.438 fiber transparent off/white-clear 

MP0059 MP0059-5 0.211 fiber transparent off/white-clear 

MP0059 MP0059-6 0.323 fiber blue blue-purple 

MP0059 MP0059-7 0.516 fiber blue blue-purple 

MP0059 MP0059-8 1.986 fiber transparent off/white-clear 

MP0059 MP0059-9 1.54 fiber yellow yellow 

MP0059 MP0059-10 1.673 fiber transparent off/white-clear 

MP0059 MP0059-11 3.453 fiber yellow yellow 

MP0059 MP0059-12 0.871 fiber silver grey-silver 

MP0059 MP0059-13 0.158 foam black black 

MP0059 MP0059-14 0.154 foam black black 

MP0059 MP0059-15 0.474 fiber black black 

MP0059 MP0059-16 0.373 foam black black 

MP0059 MP0059-17 0.129 foam black black 
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MP0059 MP0059-18 0.091 foam black black 

MP0059 MP0059-19 5.408 fiber red red-pink 

MP0059 MP0059-20 0.601 fiber bundle black black 

MP0059 MP0059-21 0.185 fiber black black 

MP0059 MP0059-22 5.305 fiber yellow yellow 

MP0059 MP0059-23 0.122 film silver grey-silver 

MP0059 MP0059-24 0.085 fiber black black 

MP0059 MP0059-25 0.93 fiber black black 

MP0059 MP0059-26 0.154 fiber black black 

MP0059 MP0059-27 0.399 fragment 
black and 
silver black 

MP0059 MP0059-28 0.115 fiber black black 

MP0059 MP0059-29 0.083 fiber black black 

MP0059 MP0059-30 0.089 fiber 
white and 
silver off/white-clear 

MP0059 MP0059-31 0.061 fiber 
white and 
silver off/white-clear 

MP0059 MP0059-32 0.229 fiber 
white and 
silver off/white-clear 

MP0059 MP0059-33 0.338 film brown orange-brown 

MP0059 MP0059-34 0.914 fiber black black 

MP0059 MP0059-35 1.437 fiber black black 

MP0059 MP0059-36 1.478 fiber blue blue-purple 

MP0059 MP0059-37 0.354 foam white off/white-clear 

MP0059 MP0059-38 0.19 foam black black 

MP0059 MP0059-39 0.231 foam black black 

MP0059 MP0059-40 0.212 foam black black 
MP0014 
(2/2) 

58 
MP0014-1 1.446 fiber transparent off/white-clear 

MP0014 
(2/2) MP0014-2 9.765 fiber red red-pink 
MP0014 
(2/2) MP0014-3 5.938 fiber red red-pink 
MP0014 
(2/2) MP0014-4 0.944 fiber green green 
MP0014 
(2/2) MP0014-5 0.22 fiber black black 
MP0014 
(2/2) MP0014-6 0.93 fiber blue blue-purple 
MP0014 
(2/2) MP0014-7 1.51 fiber grey grey-silver 
MP0014 
(2/2) MP0014-8 0.161 fiber red red-pink 
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MP0014 
(2/2) MP0014-9 0.207 fiber black black 
MP0014 
(2/2) MP0014-10 0.348 fiber black black 
MP0014 
(2/2) MP0014-11 0.756 fiber transparent off/white-clear 
MP0014 
(2/2) MP0014-12 0.502 fiber grey grey-silver 
MP0014 
(2/2) MP0014-13 0.753 fiber transparent off/white-clear 
MP0014 
(2/2) MP0014-14 0.766 fiber blue blue-purple 
MP0014 
(2/2) MP0014-15 1.175 fiber green green 
MP0014 
(2/2) MP0014-16 0.681 fiber transparent off/white-clear 
MP0014 
(2/2) MP0014-17 0.749 fiber transparent off/white-clear 
MP0014 
(2/2) MP0014-18 0.499 fiber green green 
MP0014 
(2/2) MP0014-19 0.698 fiber transparent off/white-clear 
MP0014 
(2/2) MP0014-20 0.667 fiber green green 
MP0014 
(2/2) MP0014-21 1.358 fiber green green 
MP0014 
(2/2) MP0014-22 0.703 fiber grey grey-silver 
MP0014 
(2/2) MP0014-23 0.719 fiber green green 
MP0014 
(2/2) MP0014-24 0.574 fiber green green 
MP0014 
(2/2) MP0014-25 0.928 fiber blue blue-purple 
MP0014 
(2/2) MP0014-26 3.29 fiber transparent off/white-clear 
MP0014 
(2/2) MP0014-27 0.252 fiber transparent off/white-clear 
MP0014 
(2/2) MP0014-28 1.285 fiber blue blue-purple 
MP0014 
(2/2) MP0014-29 0.333 fiber blue blue-purple 
MP0014 
(1/2) MP0014-30 0.091 fiber transparent off/white-clear 
MP0014 
(1/2) MP0014-31 1 fiber transparent off/white-clear 
MP0014 
(1/2) MP0014-32 0.452 fiber transparent off/white-clear 
MP0014 
(1/2) MP0014-33 0.422 fiber transparent off/white-clear 
MP0014 
(1/2) MP0014-34 1.205 fiber transparent off/white-clear 
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MP0014 
(1/2) MP0014-35 1.491 fiber green green 
MP0014 
(1/2) MP0014-36 0.936 fiber black black 
MP0014 
(1/2) MP0014-37 0.214 film silver grey-silver 
MP0014 
(1/2) MP0014-38 0.156 film silver grey-silver 
MP0014 
(1/2) MP0014-39 0.135 fiber silver grey-silver 
MP0014 
(1/2) MP0014-40 1.407 fiber black black 
MP0014 
(1/2) MP0014-41 0.167 film silver grey-silver 
MP0014 
(1/2) MP0014-42 2.9053 fiber bundle blue blue-purple 
MP0014 
(1/2) MP0014-43 0.089 fiber blue blue-purple 
MP0014 
(1/2) MP0014-44 0.104 fiber silver grey-silver 
MP0014 
(1/2) MP0014-45 0.142 film silver grey-silver 
MP0014 
(1/2) MP0014-46 0.077 film silver grey-silver 
MP0014 
(1/2) MP0014-47 2.277 fiber black black 
MP0014 
(1/2) MP0014-48 4.692 fiber black black 
MP0014 
(1/2) MP0014-49 1.117 fiber black black 

MP0014 
(1/2) MP0014-50 2.263 fiber bundle 

black and 
silver black 

MP0014 
(1/2) MP0014-51 0.129 film silver grey-silver 
MP0014 
(1/2) MP0014-52 0.202 film silver grey-silver 
MP0014 
(1/2) MP0014-53 0.976 fiber black black 
MP0014 
(1/2) MP0014-54 0.467 fiber black black 
MP0014 
(1/2) MP0014-55 0.389 fiber black black 
MP0014 
(1/2) MP0014-56 0.43 fiber black black 
MP0014 
(1/2) MP0014-57 0.244 fiber black black 
MP0014 
(1/2) MP0014-58 0.404 fiber black black 

MP0056 19 MP0056-1 0.525 fiber green green 

MP0056 MP0056-2 2.881 fiber transparent off/white-clear 



 84 

MP0056 MP0056-3 0.827 fiber transparent off/white-clear 

MP0056 MP0056-4 0.578 fiber white off/white-clear 

MP0056 MP0056-5 0.917 fiber transparent off/white-clear 

MP0056 MP0056-6 0.19 fiber transparent off/white-clear 

MP0056 MP0056-7 0.473 film orange orange-brown 

MP0056 MP0056-8 0.222 fragment blue blue-purple 

MP0056 MP0056-9 0.481 fiber transparent off/white-clear 

MP0056 MP0056-10 0.115 bead black black 

MP0056 MP0056-11 0.104 bead black black 

MP0056 MP0056-12 0.283 fiber black black 

MP0056 MP0056-13 0.784 fragment blue blue-purple 

MP0056 MP0056-14 0.31 fiber black black 

MP0056 MP0056-15 0.12 fiber black black 

MP0056 MP0056-16 0.229 fragment orange orange-brown 

MP0056 MP0056-17 0.142 fragment orange orange-brown 

MP0056 MP0056-18 0.193 fiber black black 

MP0056 MP0056-19 0.185 fiber black black 

MP0057 43 MP0057-1 0.8 fiber transparent off/white-clear 

MP0057 MP0057-2 0.862 fiber transparent off/white-clear 

MP0057 MP0057-3 0.352 fiber transparent off/white-clear 

MP0057 MP0057-4 0.8 fiber transparent off/white-clear 

MP0057 MP0057-5 1.079 fiber green green 

MP0057 MP0057-6 0.181 fiber transparent off/white-clear 

MP0057 MP0057-7 0.073 fiber transparent off/white-clear 

MP0057 MP0057-8 0.126 fiber transparent off/white-clear 

MP0057 MP0057-9 0.581 fiber transparent off/white-clear 

MP0057 MP0057-10 0.286 fiber transparent off/white-clear 

MP0057 MP0057-11 0.281 fiber transparent off/white-clear 

MP0057 MP0057-12 0.412 film  red and white red-pink 

MP0057 MP0057-13 0.486 fiber transparent off/white-clear 

MP0057 MP0057-14 0.794 fiber transparent off/white-clear 

MP0057 MP0057-15 1.464 fiber transparent off/white-clear 

MP0057 MP0057-16 2.051 fiber transparent off/white-clear 

MP0057 MP0057-17 0.204 fiber black black 

MP0057 MP0057-18 0.18 fiber bundle black black 

MP0057 MP0057-19 0.523 fiber blue blue-purple 

MP0057 MP0057-20 1.413 fiber black black 

MP0057 MP0057-21 1.368 fiber black black 

MP0057 MP0057-22 0.456 fiber black black 
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MP0057 MP0057-23 4.104 fiber pink red-pink 

MP0057 MP0057-24 0.324 fiber black black 

MP0057 MP0057-25 0.309 fiber black black 

MP0057 MP0057-26 0.283 fiber black black 

MP0057 MP0057-27 0.334 fiber black black 

MP0057 MP0057-28 0.405 fiber black black 

MP0057 MP0057-29 0.229 fiber black black 

MP0057 MP0057-30 13.582 fiber red red-pink 

MP0057 MP0057-31 20.768 fiber red red-pink 

MP0057 MP0057-32 8.691 fiber red red-pink 

MP0057 MP0057-33 0.753 fiber grey grey-silver 

MP0057 MP0057-34 0.231 fiber black black 

MP0057 MP0057-35 1.471 fiber bundle blue blue-purple 

MP0057 MP0057-36 0.601 fiber black black 

MP0057 MP0057-37 2.066 fragment yellow yellow 

MP0057 MP0057-38 0.29 fiber black black 

MP0057 MP0057-39 0.278 fiber black black 

MP0057 MP0057-40 0.188 fiber black black 

MP0057 MP0057-41 0.286 fiber green green 

MP0057 MP0057-42 0.191 fiber black black 

MP0057 MP0057-43 0.142 film black black 

MP0061 60 MP0061-1 1.078 fiber black black 

MP0061 MP0061-2 0.377 fiber grey grey-silver 

MP0061 MP0061-3 1.076 fiber white off/white-clear 

MP0061 MP0061-4 0.434 fiber yellow yellow 

MP0061 MP0061-5 0.218 fiber transparent off/white-clear 

MP0061 MP0061-6 1.226 fiber 
black and 
transparent black 

MP0061 MP0061-7 1.417 fiber transparent off/white-clear 

MP0061 MP0061-8 0.874 fiber black black 

MP0061 MP0061-9 0.388 fiber transparent off/white-clear 

MP0061 MP0061-10 0.13 fiber transparent off/white-clear 

MP0061 MP0061-11 0.5 fiber transparent off/white-clear 

MP0061 MP0061-12 0.735 fiber brown orange-brown 

MP0061 MP0061-13 0.31 fiber transparent off/white-clear 

MP0061 MP0061-14 0.144 fiber transparent off/white-clear 

MP0061 MP0061-15 0.651 fiber transparent off/white-clear 

MP0061 MP0061-16 0.223 fiber transparent off/white-clear 

MP0061 MP0061-17 0.401 fiber transparent off/white-clear 
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MP0061 MP0061-18 0.283 fiber transparent off/white-clear 

MP0061 MP0061-19 1.914 fiber green green 

MP0061 MP0061-20 0.249 fiber black black 

MP0061 MP0061-21 1.192 fiber black black 

MP0061 MP0061-22 1.222 fiber grey grey-silver 

MP0061 MP0061-23 1.891 fiber grey grey-silver 

MP0061 MP0061-24 0.477 fiber black black 

MP0061 MP0061-25 2.075 fiber green green 

MP0061 MP0061-26 1.603 fiber grey grey-silver 

MP0061 MP0061-27 2.741 fiber transparent off/white-clear 

MP0061 MP0061-28 3.051 fiber purple blue-purple 

MP0061 MP0061-29 2.236 fiber black black 

MP0061 MP0061-30 1.749 fiber green green 

MP0061 MP0061-31 0.975 fiber bundle blue blue-purple 

MP0061 MP0061-32 3.227 fiber white off/white-clear 

MP0061 MP0061-33 0.144 fiber black black 

MP0061 MP0061-34 0.386 fiber grey grey-silver 

MP0061 MP0061-35 0.822 fiber silver grey-silver 

MP0061 MP0061-36 0.413 fiber bundle blue blue-purple 

MP0061 MP0061-37 0.189 fiber black black 

MP0061 MP0061-38 10.727 fiber grey grey-silver 

MP0061 MP0061-39 8.117 fiber blue blue-purple 

MP0061 MP0061-40 3.924 fiber blue blue-purple 

MP0061 MP0061-41 2.014 fiber bundle blue blue-purple 

MP0061 MP0061-42 1.809 fiber transparent off/white-clear 

MP0061 MP0061-43 0.153 fiber black black 

MP0061 MP0061-44 3.417 fiber blue blue-purple 

MP0061 MP0061-45 0.574 fiber green green 

MP0061 MP0061-46 1.894 fiber grey grey-silver 

MP0061 MP0061-47 1.778 fiber blue blue-purple 

MP0061 MP0061-48 20.401 fiber red  red-pink 

MP0061 MP0061-49 6.062 fiber blue blue-purple 

MP0061 MP0061-50 5.392 fiber black black 

MP0061 MP0061-51 0.662 fiber grey grey-silver 

MP0061 MP0061-52 0.487 fiber grey grey-silver 

MP0061 MP0061-53 4.724 fiber green green 

MP0061 MP0061-54 0.562 fiber green green 

MP0061 MP0061-55 2.094 fiber green green 

MP0061 MP0061-56 0.987 fiber purple blue-purple 
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MP0061 MP0061-57 1.997 fiber green green 

MP0061 MP0061-58 0.647 
fiber 
bundle blue blue-purple 

MP0061 MP0061-59 1.082 fiber black black 

MP0061 MP0061-60 0.568 fiber black black 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


