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Goal Statement
To investigate how anthropogenic particles including microplastics 
are transported to, within and out of the Canadian Arctic, their 
sinks and how they are introduced into and move up the the food 
chain.  
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Introduction

Ā In the Canadian Arctic we collect samples for persistent 

organic pollutants (POPs) and microplastics (MPs). 

Ā We do this with funding from ECCC, Northern 

Contaminants Program and ArcticNet.

Ā Samples for POPshave been collected annually in the 

Canadian Arctic since 1993andMP sampling started in 

2014. 

Ā Samples are collected from Canadian Coast Guard 

ships, this includes the Amundsen, Louis St Laurent, and 

the Wilfrid Laurier.

Ā Recently we have been doing more community based 

sampling. 

Ā Evaluate sources, transport pathways, and fate



Ā Contaminate oceans and the atmosphere; from the poles to the equator.

Ā Contaminate theentire water column; the surface to the depths.

Ā >1000's of studies document the MPs across the globe, however have mostly focused on 

marine systems.

Ā MPs are like other contaminants; undergolong-range transport via air and ocean 

currents.

Primary Sources
Manufacturing 

of MPs.

Why do we care about MPs 
in the Arctic?

Microplastics are fibers, fragments, or beads of plastic <5mm long.

Secondary 

Sources

Breakdown of larger plastic debris, 

fibers released from textiles during 

manufacturing and laundering, etcé

A penny is 19 mm 

Source: Adams, Dean, Athey, et al., (2021). Anthropogenic particles (including 

microfibers and microplastics) in marine sediments of the Canadian Arctic. Figure 1



1) Ingestion:

Physical Effects 
Å Impedes growth due to nutrient dilution,
Å Trophic transfer of microplastics
Chemical Exposure 
Å Plastics contain plastic additives & monomers, 
Å They adsorb POPs from the environment onto their surfaces.

5 Primary Threats to Aquatic and Terrestrial Life

Source: Nelms, et al. (2018). Investigating microplastic trophic transfer in marine top 

predators. Graphical Abstract 1.

2) Entanglement

3) Suffocation

4) Habitat Destruction

5) Transport of Non-Native Species - ΨƘƛǘŎƘ-ƘƛƪŜǊǎΩ 
Migrate along with the transport of microplastics



Ā MPs have been reported in products sold for 

human consumption 

Ā Exposure to airborne microplastics through 

inhalation 

Ā Human health effects and exposure pathways 

are currently under investigation

Potential Threat to Human Health 

Source: Cox, et al. (2020). Human Consumption of Microplastics. Fig 2b.

A study came out recently, suggesting plastic pollution is causing 
low sperm counts. 



What gets sampled?
How is sampling done? 

Source: Université Laval CCGS Amundsen | Institut nordique du Québec (ulaval.ca)

https://inq.ulaval.ca/en/tools/lab-o-nord/facilities/ngcc-amundsen


Sampling for MPs in 2019 versus 2020 Sampling



Cruise Based Sampling 
Sites in 2021

Community Based Sampling 
Site in 2020



Atmospheric Related Samples: 
Air and Snow



Why care about air pollution?
ÅWe breathe in an average of 10 632 litres air per 

day

ÅWinds can take pollution all around the world

ÅPollutants go from air into ecosystem, animals 
and humans

ÅEstimates indication that we ingest more 
microplastics through air than through drinking 
water and table salt



Sources to the Air
ÅIndustry
ÅManufacturing of 
ÅMicroplastics (nurdles) 

ÅMicrofibers

ÅCities: 
ÅLaundering

ÅTire wear

ÅMunicipal waste

ÅBiosolidsspreading on agricultural field

ÅSeaspray
ÅBreaking waves release microplastics back into the air. 



Atmospheric Microplastics

ÅLike other particles, microplastics 
can be atmospherically 
transported from source regions to 
remote locations, including the 
Arctic, where they undergo 
deposition onto land and water

ÅAir transport can be very quick

ÅEvidence of atmospheric 
transportation and deposition of 
microplastics has been observed 
across the globe and in remote 
areas. 



Atmospheric Microplastics continuedΧ 

ÅMethods for microplastic sampling from atmospheric related 
matrices is still under development. 

ÅQA/QC methods especially for air are still evolving
ÅBlanks: contamination is a real issue for smaller size particles
ÅWorking in a clean room

ÅSpikes: what are appropriate material to assess the method efficiency. 

ÅStandard Reference Materials: under development NIST

ÅIntercalibrationstudies: limited



!ǘƳƻǎǇƘŜǊƛŎ aƛŎǊƻǇƭŀǎǘƛŎǎ ŎƻƴǘƛƴǳŜŘΧ

ÅMicroplastics in air are small, we look for all sizes 10um-5mm but 
most are in the <250um, nano-plastics are also very important
ÅSample contamination is a real concern

ÅLike other particles, microplastics can undergo changes in the air
ÅUV or OH radicals can break them down in to smaller particles that would 

enhance their air transport

ÅDevelopment of organic films that may cause particle aggregation and 
enhanced deposition

ÅSorption of airborne contaminants



!ǘƳƻǎǇƘŜǊƛŎ aƛŎǊƻǇƭŀǎǘƛŎǎ ŎƻƴǘƛƴǳŜŘΧ 
ÅAtmospheric microplastics may also be a 

vector for less volatile chemicals that are 
added to the plastics during manufacturing ie
Ådyes

ÅUV filters: UV-328

Åflame retardants

Åtire ǿŜŀǊ ŎƘŜƳƛŎŀƭǎΣ ŜǘŎΧ

ÅAnd can sorb other chemicals 

from the air



Alert, NT

ÁWorlds most northern place where people live
ÁCanadian CƻǊŎŜǎ {ǘŀǘƛƻƴ όǎǇȅƛƴƎ ΧΦshhhhh)
ÁSailboat/ship HMS Alert, 1875
ÁAbout 50-60 people stay there
ÁNo one lives there permanently
ÁWeather station, air laboratory
Á845 km from north pole



Why Alert

ÅAir quality monitoring station
ÅAncillary data
ÅHighly trained personnel

ÅStudying and comparing different ways to 
collect atmospheric related samples.

ÅActive air sampling
ÅPassive sampling
ÅMoss bags
ÅPetri dish

ÅBulk deposition
ÅNipherGauge
ÅBucket

NipherGauge

Moss Bags

Active air Sampler

Passive Petri Dish



Why is it Important to Sample in 
the Yukon and NWT

ÅImpact by transpacific transport
ÅThis has been seen for contaminants 

ie Hg and pesticides

ÅSamples taken at Alert, NT are not 
representative of the entire Arctic

ÅSeasonal differences



Little Fox Lake: air 
sampling for 
contaminants, 
mercury and snow 
sampling for 
microplastics

Carcrosssnow 
sampling for 
microplastics

Sampling in the Yukon



Snow Sampling Sites in NWT

.ŜƘŎƘƻƪỈ

Samples collected in 2020-2022 by 
1) Michael Palmer at the 
Environment and Natural 
Resources Department
Government of the Northwest 
Territories
2) Samples at .ŜƘŎƘƻƪỈwere 
collected by Tyanna Steinwand



Additional Sampling in NWT

At BehchokỈȮ, NWT

ÅBulk Deposition

ÅPassive air



Some Results!

Nicole from Rankin Inlet

Maxime from Iqaluit



Passive Air Sample
Similar fibers were found on the active air sampler filter and passive air samplers



Alert, NT
ÅSampling since 2019

ÅBonnie Hamilton (U of Toronto) analyzed the Alert snow samples 
by pyrolysis-gas chromatography mass spectrometer and found: 

ÅPolyvinyl chloride (PVC)

ÅPolypropylene (PP)

ÅPolyethylene (PE)
ÅBut did not detect polystyrene, poly(methyl-

methacrylate), polyethylene terephthalate or 
polycarbonate.

ÅConcentrations ranged from 3-62ug/L of total polymers



NipherGauge: bulk deposition

Analysis done by Zhe LuΩs group at U Rimouski



Water Sampling
2019



Water Sampling (Grab Samples)

Ā Water is sampled at several depths 

(surface, thermocline, and bottom) 

and at various volumes for POPs and 

MPs. These are called grab samples-

screenshot in time.

Ā There are different types of grab 

samples: Rosette and Bucketing.

Ā Large quantities of water is collected 

for different types of filtering.



Microfibers and Microfragmentsfrom 
Arctic Surface Waters
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Water Samples: Microplastics (filtered with size range of 1.5-106 microns) 

Plastics found in most samples include: 
ÅPolystyrene (PS), 
ÅHigh density polyethylene (HDPE), 
ÅLow density polyethylene (LDPE), 
ÅPolyvinyl chloride (PVC), 
ÅPolycarbonate (PC), 
ÅPolyethylene terephthalate (PET), 
ÅPolypropylene (PP) and 
ÅPolymethylmethacrylate (PMMA). 

Analysis done by pyrolysis gas chromatography  
(Nathalie Tufenkji and Laura Hernandez)



Sediment



Sediment Sampling

Ā Grab sampling since 2014

Ā Surface sediment samples are 
collected using a box corer 



Sediment Analysis

Ā MPs extracted from sediments via density separationusing polytungstate or CaCl 

Ā MPs >125 µm are then identified, counted, and/or removed Separatory 

Funnel

Density 

Separation
Sediment

Sample

Shaker Table

Filter

Microscopy

(counting)Raman, µFTIR or LDIR

(material identification) 



MP Sample Analysis - Counting and Identification

Photo courtesy of Sam Athey

Photo courtesy of Dr. Chelsea Rochman

FTIR

Raman

Picking

Microscopy


