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Abstract. Despite rapid advances in elucidating the 
implications of microplastic exposure on aquatic organisms, 
the fate and effects of these contaminants in freshwaters at 
the community- and ecosystem-scale remain poorly 
understood. As such, our team has embarked on an ambitious, 
decade-long study across multiple ecological scales to 
determine: (i) the physical, chemical, and biological fate of 
microplastics in lakes and their watersheds; (ii) how 
microplastics impact aquatic ecosystems across all levels of 
biological organization; (iii) how ecosystem processes and 
functions, such as nutrient cycling and photosynthesis, are 
affected by MPs; and (iv) the recovery of an ecosystem 
exposed to microplastics, including how they break-down 
and/or transform over time. Our study, named the pELAstic 
Project, involves mesocosm, limnocorral, and whole-lake 
experiments situated at the IISD-Experimental Lakes Area (ELA), 
Queen’s University Biological Station (QUBS), and the Rochester 
Institute of Technology (RIT). Since our study began in 2019, we 
completed two mesocosm studies and four limnocorral studies 
using color-coded microplastics, and conducted baseline 
monitoring in two study lakes in preparation for a whole-lake 
manipulation. In this presentation, we provide an overview of 
the objectives, study design, and anticipated results of each 
experiment. The pELAstic Project will ultimately advance our 
scientific understanding of microplastics in freshwater 
ecosystems, develop new tools and protocols for 
characterizing these contaminants, and inform risk assessments 
and policies in Canada and beyond. Funded by NSERC, 
Fisheries & Oceans Canada, Environment and Climate 
Change Canada, Loblaws and the Ocean Conservancy.

Kennedy Bucci 
Ecology and Evolutionary Biology, University of Toronto; Supervised by Dr. Rochman

[insert photo of you 
in the field/lab, sized 

to H=12,W=9 cm]
• How does a mixture of microplastics (PE, PP, PET) 

and chemical additives affect yellow perch health 
indices? (body weight and length, gonadosomatic 
index, hepatosomatic index, etc.) 
• Does a mixture of microplastics and chemical 

additives affect fish histopathlogy in the liver, 
gonads, and gastrointestinal tracts? 

• Gross morphology monitored by measuring and 
weighing fish, then dissecting and measuring 
organs (liver, gonads). 
• Histopathological effects monitored by 

examining slides stained with hematoxylin and 
eosin (h&e). 

Rachel N. Cable 
Ecology and Evolutionary Biology, University of Michigan; Supervised by Dr. Duhaime

[insert photo of 
you in the 
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• How do plastics affect the microbial 
communities that naturally occur in aquatic 
systems?
• How does the composition of microbial species shift?
• How do the ecosystem functions performed by 

microbes, e.g. nutrient cycling, change?

• I am sampling plastics, water, and sediment for 
their respective microbial communities
• I am using a multi-omics approach, sequencing  

DNA, RNA, and proteins, to assess microbial 
community composition and function

Sam Gene
Biology Department, Queen’s University; Supervised by Dr. Orihel

[insert photo of you 
in the field/lab, sized 

to H=12,W=9 cm]
• What is the relative importance of 

foodborne and waterborne microplastic 
exposure to Rana catesbeiana tadpoles? 
• How do microplastics affect the growth and 

development of Rana sylvatica tadpoles?    
• Exposed Rana catesbeiana tadpoles to 

microplastics through food and water.
• Measured body size and developmental 

stage of Rana sylvatica exposed to 
microplastics.  

Eden Hataley 
Physical and Environmental Sciences, University of Toronto Scarborough; Supervised by Dr. Rochman

• How can the data generated from the 
pELAstic Project be used to inform plastic 
pollution risk assessments and policies in 
Canada and beyond?

• Synthesize project data to better 
understand threshold concentrations for risk 
for freshwater species
• Use existing risk management frameworks to 

assess ecological risk in Canadian lakes 

Celia Konowe 
School for Resource and Environmental Studies, Dalhousie University; Supervised by Dr. Walker

[insert photo of 
you in the 
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• Identify site-specific ecological risk 
thresholds for MPs
• Examine MP mitigation techniques in 

freshwater ecosystems

• Data analysis to determine MP impacts on 
aquatic biota across trophic levels
• Comparative review of mitigation strategies

Jihyun Kim 
Biology, Queen's University; Supervised by Dr. Orihel

[insert photo of you in 
the field/lab, sized to 

H=12,W=9 cm]

• What is the composition of anuran communities and 
their seasonality at the experimental lakes?

• What are the toxicity effects of microplastics on 
naturally-occurring anuran species?

• As anurans bridge aquatic and terrestrial 
ecosystems, what is their role in the fate of freshwater 
microplastics?

• Using field data of tadpole counts, egg mass monitoring and 
anuran calls to investigate natural anuran populations and 
communities

• Conducting a control-impact study to compare various 
toxicity endpoints in tadpoles

• Quantitatively examining anurans as vectors of microplastics 
through sampling for microplastic content in adults as they 
move into the terrestrial environment

Desiree Langenfeld 
Department of Entomology, University of Manitoba; Supervised by Dr. Paterson

[insert photo of 
you in the 

field/lab, sized to 
H=12,W=9 cm]

• How do microplastics affect the 
zooplankton and phytoplankton
communities in the pelagic limnocorral 
experiments? 

• The pelagic zooplankton community was 
monitored for changes in abundance, biomass 
and community composition
• The phytoplankton community was monitored 

for changes in biomass, species composition 
and chlorophyll-a content

Raúl Lazcano 
Department of Biology, Loyola University Chicago; Supervised by Dr. Hoellein

[insert photo of 
you in the 
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• What is the impact of microplastic pollution 
on: 
• Ecosystem Metabolism
• Diel N2 Flux

• Calculate daily rates of ecosystem 
metabolism 
• Measure N2 concentration using MIMS
• Attribute changes in N2 to biotic and abiotic 

processes

Yael Lewis 
Department of Biology, Queen’s University; Supervised by Dr. Orihel and Dr. Rooney
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• How do microplastics affect emerging 
aquatic insects on the community level?
• How do microplastics affect zooplankton 

and other littoral microcrustacea on the 
community level?

• Insects sampled twice-weekly from each littoral 
limnocorral using funnel emergence traps
• Zooplankton sampled weekly from littoral 

limnocorrals with a Schindler-Patalas trap
• Taxonomic identification of samples underway

Haley A. MacLeod
Natural Resource Management, Lakehead University; Supervised by Dr. Michael Rennie

[insert photo of 
you in the 

field/lab, sized to 
H=12,W=9 cm]

• Investigating the long-term impacts of 
common microplastic polymers and plastic 
additives on the proteome of juvenile Lake 
Trout (Salvelinus namaycush)

• Newly hatched Lake Trout were exposed to the same 
concentrations and composition of pELAstics mesocosm 
microplastics for 12 weeks, with controls in place to 
disentangle physical and chemical toxicity

• Proteomic alterations were assessed across 
concentrations and controls at Ontario Tech University in 
the Aquatic Omics Lab with Dr. Denina Simmons

Rachel McNamee 
Biology (Water), University of Waterloo; Supervised by Dr. Rooney

• Examining effects of microplastics on biofilm 
community metabolism and periphyton
• Examining changes in primary production
• Examining changes in biofilm in terms of 

function and community

• Set up in-situ (in mesocosm) incubations in 
light and dark measuring dissolved oxygen
• Comparing periphyton in terms of biomass, 

chl a content, community composition

Émilie Montreuil Strub 
Biology, University of Waterloo; Supervised by Dr. Rooney

• How do microplastics affect invertebrates, 
both at an individual (ex. survival, growth) 
and community level?
• Inversely, how do invertebrates affect 

microplastic distribution in littoral sediments?

• In situ: Various methods to sample invert 
communities and sediments, such as coring, 
kick-netting, and quadrat sampling.
• In vitro: 4-week ecotoxicological tests with 

invertebrate cultures, ex. Planorbella pilsbryi.

Natasha C. B. C. A. Neves
Biology, Queen’s University; Supervised by Dr. Diane Orihel

[insert photo of 
you in the 

field/lab, sized to 
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• How do microplastics affect the diversity of 
litter-associated invertebrate communities?
• How do microplastics affect the 

development of litter-associated 
invertebrates?

• In-lake pre-colonization of plant litter bags
• Microplastic exposure for 5 and 8 weeks
• Community characterization (i.e.

identification, body size and symmetry)

Drew Thompson 
Department of Biology, University of Waterloo; Supervised by Dr. Katzenback

[insert photo of 
you in the 

field/lab, sized to 
H=12,W=9 cm]

• Does exposure to microplastics have 
immunotoxic effects on developing North 
American wood frogs?
• What effect does microplastic exposure 

have on the frog skin bacterial microbiome?

• RNA sequencing and transcriptomics
• 16S rRNA gene metabarcoding

Cody Veneruzzo
Environmental Biotechnology, Lakehead University; Supervised by Dr. Rennie

[insert photo of 
you in the 

field/lab, sized to 
H=12,W=9 cm]

• How do microplastics affect fish metabolic 
rates?
• Will growth rates be affected as a result of 

microplastic consumption?
• Assess changes in consumption and energy 

assimilation 

• Measure metabolic rates using field 
respirometry
• A mass-balance contaminant-tracer model 

combined with a bioenergetics model will be 
used to estimate changes in consumption, 
activity, and metabolic rates in fish 

Hannah Vonberg
School for Resource and Environmental Studies, Dalhousie University; Supervised by Dr. Walker

[insert photo of 
you in the 

field/lab, sized to 
H=12,W=9 cm]

• Systematic review of MP risk assessments 
regarding effects of MP concentration / 
shape / polymer / chemical additives
• Establishment of site-specific ecological risk 

thresholds for MPs

• Comparative review of MP risk assessments 
and conventional remediation strategies
• Weight-of-evidence approach to assign 

levels of ecological risk

Jessie Wilson 
Environmental Science, Acadia University; Supervised by Dr. Mark Mallory and Dr. Jennifer Provencher

[insert photo of you in 
the field/lab, sized to 

H=12,W=9 cm]

• Do microplastics (MPs) have the potential to move from 
aquatic to terrestrial environment through biological 
vectors?

• Are the MPs ingested and retained in emergent insects?
• Are tree swallows ingesting MPs through their prey and 

depositing MPs into the terrestrial ecosystem via fecal 
sacs?

• Insects were collected by emergent traps that were 
placed within the limnocorrals

• Fecal sacs were extracted from tree swallow chicks 
nesting in bird boxes surrounding the experimental lakes

• All samples will be chemically digested and then 
analyzed for the presence of MPs

Whole-Lake Experiment at IISD-ELA

Meet the Graduate Students and Postdoctoral Fellows on the pELAstic team! 

1.1 Physical transport and fate of microplastics in a lake ecosystem.

1.2 Transport and fate of additive chemicals in a lake ecosystem.

1.3 Biological transport and fate of microplastics in an aquatic food web.

2.1 Food web foundations: nutrients, water chemistry, algae and bacteria.

Obj. 2. Impacts across genomes, individuals, populations and communities.

Obj. 1. Physical, chemical, and biological fate in lakes and their watersheds.

2.2 Invertebrate responses: zooplankton, benthos and terrestrial insects.

2.3 Vertebrate responses: fish and amphibians

Obj. 3. Impacts on ecosystem processes and functions.

3.1 Changes in biogeochemical cycling.

3.2 Ecosystem metabolism and production.

3.3. Food web connections and trophic efficiency.

Obj. 4. Recovery of a whole ecosystem.
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4.1 State of knowledge on microplastic risk assessment and remediation.

4.2 Ecological risk thresholds for microplastics.

4.3 Natural attenuation of microplastics in a lake ecosystem. 
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Guided by the results of our mesocosm-scale experiments, 
our next step is a whole-lake manipulation.

Our approach employs a Before-After-Control-Impact design to 
monitor the physical, chemical, and biological characteristics of 
two lake ecosystems:

• Lake 378, the “experimental lake” to be loaded with microplastics
• Lake 373, the “reference lake” to remain unmanipulated

Limnocorral Experiments at IISD-ELA
pELAgic - I
Lead Principal Investigator: Dr. Rochman, Ecology and Evolutionary Biology, University of Toronto

Research Objectives.
• Determine the fate of microplastics in aquatic ecosystem

• Determine the organism-, population-, community-, and 
ecosystem- level effects of microplastics and how they 
vary with concentration

Anticipated Results.
• Microplastic concentrations will not be homogenous 

across the corrals, and will partition between the surface, 
water column, and bottom of the corral. 

• Microplastics will be present in all levels of the food web 
(e.g., periphyton, zooplankton, fish)

polyethylene terephthalate
(negatively buoyant, lowest additive 

load)
polystyrene

(neutrally buoyant, antioxidant 
additive)

low density polyethylene
(positively buoyant, antioxidant & UV 

stabilizer additives)

Regression 
design; 2 
controls and 7 
MP 
concentrations 
on a log scale

pELAgic – II
Lead Principal Investigator: Dr. Rochman, Ecology and Evolutionary Biology, University of Toronto

Research Objectives.
• Determine how the following vary between 

microplastics with additives and without:
• the fate in aquatic ecosystem.
• the organism-, population-, community-, and ecosystem- level 

effects of microplastics.

Anticipated Results.
• Microplastics will cause food dilution effects in both 

microplastic treatments. 
• Microplastics with additives will lead to some effects not 

observed in the non-additive treatment due to chemical 
toxicity.  

Control Additives Non-Additives

n = 3

0 
particles

29,240 
particles

29,240 
particles

2022 Littoral Limnocorral Experiment
Lead Principal Investigator: Dr. Diane Orihel, Biology/Environmental Studies, Queen’s University

Research Objectives.
• Determine the multiscale effects of microplastics on a 

littoral ecosystem across a pollution gradient 

• Track the fate of three color-coded polymers (LDPE, PS, 
PET) in the littoral zone of a boreal lake

Anticipated Results.
• This study will generate highly realistic concentration-

response relationships describing microplastic effects on 
freshwater biofilms, invertebrates, and fish 

• Support the development of adverse outcome 
pathways linking organismal to ecosystem responses

• Novel insights into physical, chemical, and biological 
fate of microplastics in boreal lakes

C 2x 4x 501x1x 8x 16x 32x 1000x63x 126x 251x

Target sediment concentrations ranged from 251 particles/kg dw (1x treatment) to 2,511,886 particles/kg dw (1000x treatment) 

2021Fate of 13C-Plastic Experiment
Lead Principal Investigator: Dr. Diane Orihel, Biology/Environmental Studies, Queen’s University

[insert photo of the 
experiment sized to 

H=15,W=15 cm]

Research Objectives.
• Determine if microplastics in a boreal lake ecosystem will 

leach carbon over time that will subsequently be 
incorporated into the aquatic food web

Anticipated Results.
• First study to examine fate of microplastic-derived 

carbon in a natural aquatic ecosystem

• May demonstrate the possible utilization of microplastic-
derived carbon by aquatic organisms

Control

13C-PS
treatment

Compound specific 
δ13C amino acids

δ13C DOC and DIC

Fate of 13C-labelled polystyrene in a littoral limnocorral in ELA Lake 378

Stephanie Graves, PDF

Lake 
selection

Microplastic additions 
to Lake 378

Lake 378 Impact
monitoring

Recovery
monitoring

Baseline 
monitoring

Lake 373 Reference 
monitoring

Garth Covernton, PDF 
Ecology and Evolutionary Biology, University of Toronto; Supervised by Drs. Chelsea Rochman and 
Bailey McMeans
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field/lab, sized to 
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• Can microplastics affect aquatic food web 
structure through direct and indirect 
effects?
• What might be the mechanism behind such 

effects?

• Mesocosm and whole lake experiments
• Using stable isotopes and fatty acids as 

ecological tracers in food webs
• Integrating a variety of data into statistical 

models

Ludovic Hermabessiere, PDF
Department of Ecology and Evolutionary Biology, University of Toronto; Supervised by Dr. Rochman

[insert photo of 
you in the 

field/lab, sized to 
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• Understanding the leaching of plastic 
additives associated to microplastics in the 
environment
• Understanding the fate of microplastic and 

their associated additives in fish 

• Microplastic quantification in different fish 
organs (digestion, counting and 
identification)
• Plastic additives determination in water and 

fish

Stephanie Graves, PDF 
Biology Department, Queen’s University; Supervised by Dr. Orihel

[insert photo of 
you in the 

field/lab, sized to 
H=12,W=9 cm]

• Effects of microplastics on benthic 
macroinvertebrate and emerging insect 
communities? 
• Fate of microplastic in littoral environment?

• Invertebrates collected, identified, counted, 
weighed to determine community 
composition, biomass, density
• Flux of plastic tracked over time in water 

surface, water column, sediment; mass 
balance in abiotic/biotic compartments

Experiments at QUBS and RIT
2021 RIT Fate Limnocorral Experiment 
Lead Principal Investigator: Dr. Hoffman, School of Mathematical Sciences, Rochester Institute of Technology

Research Objectives.
• Determine vertical fate of microplastics in freshwater
• Determine timescales for deposition and variability in 

the vertical distribution of different plastics

Anticipated Results.
• PET and PS sink quickly, PE sinks within weeks
• Microplastic will be present throughout the water column
• Estimates will be derived on the rate at which buoyant PE 

sinks due to biofouling and aggregation

HOBO loggers

Sediment Traps

Sampling Tubes
• 3 plastics (PE, 

PP, PET)
• Sample surface 

and 0.5m 
intervals

• Sediment traps 

2020 QUBS Experiment
Lead Principal Investigator: Dr. Diane Orihel, Biology/Environmental Studies, Queen’s University

Research Objectives.
• Examine the relative importance of water and food as 

sources of microplastics to American bullfrog 
(Rana catesbeiana) tadpoles 

Anticipated Results.
• This study will generate the first microplastic BAFs for 

larval amphibians in a field setting

• Lead to a better understanding of contaminant 
exposure routes relevant to aquatic amphibians

For more info, see oral 
presentation by Samantha Gene

Samantha Gene, PhD

2021 QUBS Experiment
Lead Principal Investigator: Dr. Diane Orihel, Biology/Environmental Studies, Queen’s University

Research Objectives.
• Assess if chronic exposure to microplastics impairs 

growth, development, and immune function in North 
America wood frog (Rana sylvatica) larvae

• Examine changes in body burdens of microplastics in 
wood frogs over metamorphosis

Anticipated Results.
• This study will show if hatching success, growth rate, time 

to metamorphosis, and immune responses are altered by 
microplastic exposure

• New insights into amphibian metamorphs as biovectors
of microplastics across water-land interfaces

For more info, see oral 
presentation by Drew Thompson
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