Microplastics in the Canadian Arctic
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Goal Statement

To investigate how anthropogenic particles including microplastic:t
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

A In the Canadian Arctic we collect samples for persiste
organic pollutantsROPs) and microplasticsPSs).

A We do this with funding from ECCC, Northern
Contaminants Program and ArcticNet.

Ocean Data View

A Samples foPOPshave been collected annually in the
Canadian Arctic since 198dMP sampling started in
2014.

A Samples are collected fro@anadian Coast Guard
ships this includes the Amundsen, Louis St Laurent, &
the Wilfrid Laurier

A Recently we have been doing more community basec
sampling.

A Evaluate sources, transport pathways, and fate

I * I Environment and Environnement et
Climate Change Canada  Changement climatique Canada
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Source: Adams, Dean, Athey, et al., (2021). Anthropogenic particles (including
microfibers and microplastics) in marine sediments of the Canadian Arctic. Figure 1

of MPs.

Secondary | Breakdown of larger plagtlc deb_rls, |
Sources = —» fibers released from textiles during
- manufacturing and laundering, étc

Contaminate oceans and the atmospherérom the poles to the equator.
Contaminate thentire water column; the surface to the depths.

>1000'sof studiesdocument the MPs across tijlebe, however have mostly focused or
marinesystems.

MPs are like other contaminants; undelguag-range transport via air and ocean
currents.



5 Primary Threats to Aquatlc and Terrestrlal Llfe

Predators consume
contaminated prey

s

1) Ingestion:

Physical Effects
A Impedes growth due to nutrient dilution, , N |

A Trophic transfer of microplastics | a'}’gﬁ;‘;f’f:;;fj;ﬁg;
Chemical Exposure ¥

A Plastics contain plastic additives & monomers,

A They adsorb POPs from the environment onto their surfaces.

mlcroplastlcs

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

predators. Graphical Abstract 1.

3) Suffocation

4) Habitat Destruction

5) Transport of NoaNative SpeciesW K AKIAOIKS NE Q
Migrate along with the transport of microplastics




Potential Threat to Human Health

MPs have been reported in products sold for
human consumption |

Exposure to airborne microplastics through
inhalation '

Human health effects and exposure pathway
are currentlyunder investigation |
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Study Finds Microplastics In 93% Of Bottled Water
& brand)

Lowest & highest number of plastic particles found per liter of bottled water (location ¢
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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?
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https://inq.ulaval.ca/en/tools/lab-o-nord/facilities/ngcc-amundsen

Sampling for MPs 12019versus2020Sampling
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Community Based Sampling

Site iIn2020
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Atmospheric Related Samples:
Air and Snow




Why care about air pollution?

AWe breathe in an average of 10 632 litres air per
day

AWinds can take pollution all around the world

APollutants go from air into ecosystem, animals
and humans

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




Sources to the Air

Atmospheric Microplastic Sources to the Western USA

Alndustry o e
AManufacturing of AT e TR /\.

Long range transport Entrained Plastics
1 Gg/1000 Tons

A Microplastics ifurdleg
A Microfibers

ACities:
ALaundering
ATire wear
AMunicipal waste

'~ Solid Waste
Application to
Agriculture

Road and
braking
emissions

ABiosolidsspreading on agricultural field

ASeaspray
ABreaking waves release microplastics back into the air.



Atmospheric Microplastics

ALike other particles, microplastics
can be atmospherically 2 B e
transported from source regions to )
remote locations, including the
Arctic, where theyundergo

deposition onto land anevater

Plastic sheeting, .

pellets, etc. Laundry, synthetic

textile shedding

AAir transport can be very quick

AEvidence of atmospheric RasNow  TALLING
transportation and deposition of . b
microplasticshhasbeen observed W

across the globe and in remote -
areas.



Atmospheric Microplastics continuéd

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

AQA/QC methods especially for air are still evolving

ABlanks: contamination is a real issue for smaller size particles
A Working in a clean room

A Spikes: what are appropriate material to assess the method efficiency.
A Standard Reference Materials: under development NIST
AlIntercalibrationstudies: limited
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AMicroplastics in air are small, we look for all sizes 1Gumm but
most are in the <250um, naraastics are alsgery important

A Sample contamination is a real concern

ALike other particles, microplastics can undergo changes in the air

AUVor OH radicals can break them dowmto smaller particles that would
enhance their air transport

ADevelopment of organic films that may cause particle aggregation and
enhanceddeposition

ASorption of airborne contaminants
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AAtmospheric microplastics may also be a
vector for less volatile chemicals that are
added to the plastics during manufacturireg

Adyes

AUV filters: UV328

Aflame retardants

Atre 6 ST NJ OKSYAOI f
AANd can sorb other chemicals
from the air
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Rochman et al., 2013 Nature



Alert,

NT
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Station Alert
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AWorlds most northern place where people live
ACanadiarC2 NS & { G ishhehly o a LJe
ASailboat/shipHMS Alert, 1875

AAbout 50-60 people stay there

ANo one lives there permanently

AWeatherstation, air laboratory

A845km from north pole



Why Alert

AAir quality monitoring station
AAncillary data
AHighly trained personnel

NipherGauge

AStudying and com_paring% different ways to
collect atmospheric related samples.

A Active air sampling

A Passive sampling
A Moss bags
A Petri dish

Active air Sampler

A Bulk deposition
A NipherGauge

A Bucket /
Moss Bag




Why Is It Important to Sample In
the Yukon and NWT

Almpact by transpacific transport

AThis has been seen for contaminants
le Hg and pesticides

Station Alert

ASamples taken at Alert, NT are not
representative of the entire Arctic 7
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ASeasonal differences



Sampling in the Yukon

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

4 Mmicroplastics




Snow Sampling Sites in NWT

Snow Survey Sites
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Samples collected in 2020022 by
1) Michael Palmer at the
Environmentand Natural
Resources Department
Government of the Northwest
Territories

2) Samples at S K O /v@ré |
collected by Tyanna Steinwand



Additional Sampling In

At Behcholk ONWT 1
ABulk Depositior— |

APassive air
Passive MP Sampler (PAS-MP)

Passive Indoor Sampler Passive Outdoor Sampler

«— Cover

" Top Plate with Opening
——— Petri Dish with Adhesive

*— Bottom support

Petri Dish lined with
double sided adhesive



Some Results!

Maxime from lqgaluit

Nicole from Rankin Inlet



Passive Air Sample

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

U

500 pm

200 pm



Alert, NT
A Sampling sinc2019

ABonnie Hamilton (U of Toronto) analyzed the Alert snow samy
by pyrolysisgas chromatography mass spectrometer and founl |

APolyvinyl chloride (PVC)
APolypropylene (PP)

APolyethylene (PE)

ABut did not detecpolystyrene, poly(methyl
methacrylate), polyethylene terephthalate or
polycarbonate.

A Concentrations ranged fro®62ug/L of total polymers

To GC-MS



NipherGauge: bulk depositio
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Water Sampling
2019
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Water Sampling (Grab Samples)

»  Water Is sampled at several depths
~ (surface, thermocline, and bottom)

and at various volumes for POPs an(ﬂ
MPs. These are callegrab samples
screenshot in time. |

A There are different types of grab
| samples: Rosette and Bucketing.

A Large quantities of water Is collected
| for different types of filtering.

_______________________________________________________________________________________________________




Microfibersand Microfragmentsfrom
ArcticSurface Waters
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Water Samples: Microplastics (filtered with size range of-1LG6 microns)

Plastics found in most samples include:
A Polystyrene(PS),
9 3 A Highdensity polyethylene (HDPE),
A Lowdensity polyethylene (LDPE),
9 A Polyvinylchloride (PVC),
o A Polycarbonate(PC),
= A Polyethyleneterephthalate (PET),
: | A Polypropylene(PP) and
A Polymethylmethacrylate (PMMA).

o i Analysis done by pyrolysis gas chromatography
= (Nathalie Tufenkji and Laukdernandez)

fanada



Sediment
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Sediment Sampling

A Grab samplingince2014

- A Surface sediment samples are
collected using a box corer |




Sediment Analysis

A MPs extracted from sediments vignsity separatiomsing polytungstate or CacCl

A MPs =125um are thendentified, counted,and/orremoved

ZnClzsolution \

MPs1-5mm
({To be confirmed)

Density
Separation

Sediment
Sample

Filter

NN
,.,.}f.,.-

TR P ‘ = s

ST LY

. MPs 1-5mm
MICFOSCOpy

(counting)

o
pedssion Raman, UFTIR or LDIR
(material identification)




MP Sample AnalysisCounting and Identification

Microscopy Raman

Picking

Photo courtesy of Dr. Chelsea Rochman

FTIR

Photo courtesy of Saithey



