Velkomstslide for seminaret starter kl. 09:00

Program

Programmet oppdateres Igpende. Endringer kan forekomme.
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11:10

11:35

12:00

Velkommen v/Kjersti Levseth Ruud, NGU Eysisk ikke powerpoint

Mareano og mikroplast v/Terje Torsnes, NGU Fysisk Powerpoint

(Micro)plastic pollution and efforts to combat it in the arctic v/Thomas Maes and Helene Svendsen
PROVETAKING

Sedimentprgvetaking i Mareano kjemiprogram v/Stepan Boitsov, Havforskningsinstituttet
ANALYSEMETODER

Havforskningsinstiuttets mikroplastlaboratorium og analyse av sedimenter med mikroplast
v/Fred-Olav Libnau og André Bienfait, Havforskningsinstituttet

** Pause * *
Pyrolyse GC/MS analyseteknikk og analytiske utfordringer v/Dorte Herzke, NILU

TBA v/ Stefania Piarulli, Sintef Ocean AS

Digitalt

Fysisk

Fysisk

Digitalt

Digitalt

Size matters: the significance of the size fraction for a realistic assessment of the MP particles occurrence in marine sediments v/Alessio

Gomiero, NORCE

** Lunsj * * Lunsjen er kl. 12 — 13.

Digitalt



13:00

13:25

13:50

14:15

14:40

MIKROPLAST | MILJGET
Kystneer jord som kilde for mikroplast i det marine miljget v/Jakob Bonnevie Cyvin, NTNU Fysisk

Bildekkpartikler og annen mikroplast i norske sedimenter - erfaringer fra MIKRONOR v/Elisabeth Rgdland, NIVA Digitalt

Microplastic pollution in sediments around Svalbard: from sea-ice-covered areas on the continental Digitalt
shelf to deep-slope gullies v/France Collard, NIVA

Resultater fra Mareano mikroplast kartleggingen i norske havomrader v/Henning K.B. Jensen, NGU Fysisk
Hva har dagens mikroplastseminar lzert 0ss? v/Terje Thorsnes, NGU Fysisk
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(Micro)plastic pollution and efforts
to combat it in the Arctic

Helene Svendsen | Senior Expert, GRID-Arendal
helene.svendsen@grida.no
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https://vimeo.com/896132038

* PAME
) ) (Protection of the Arctic Marine
The Arctic Council  Environment)

« AMAP
(Arctic Monitoring and
Assessment Programme)
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KEY FINDINGS

HARMONISATION, COLLABORATION AND CO-ORDINATION

» There is an abundance of data, but harmonising it

through standardised collection and management is
essential. Achieving a comprehensive understanding
of the current situation and identifying effective
pathways forward requires harmonised methods
across different geographical contexts. This was a
message that was repeated frequently during the
symposium.

Plastic litter is pervasive, but research into it is
relatively recent, and the lack of long-term monitoring
poses challenges.

Plastic arrives in the Arctic through various pathways:
by air, embedded in sea ice, and carried by ocean
currents and rivers. This underscores the need for
international collaboration on monitoring, research
and policy implementation.

Microplastics reach the Arctic predominantly from
the European mainland and the North Atlantic, but
local sources are a significant source as well, and
this points to a need to focus on household-waste

management and the fishing industry in Arctic
communities.

Plastic pollution is a global human-rights issue
because it threatens traditional ways of life, food
security and health. In addition, it disproportionately
affects vulnerable communities.

Indigenous communities and young people should
not bear the sole responsibility for cleaning up
plastic waste.

Consumers should have a right to refuse certain
plastics, and there should be limits on plastic
production.

Some 30% of beach litter in the North-east Atlantic
can be fraced back to the fishing industry, suggesting
there is a need for best practices and policy solutions
involving stakeholders across the fishing industry. The
agriculture industry should also be engaged.
Bridging the gap between scientists, decision-makers
and young people is crucial for implementing
effective policies.
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Supporting
work

 UArctic Thematic Network on Arctic Plastic
Pollution

* The Barents Sea Leadership Training on
Marine Litter, building on the United
Nations Environment Programme’s Massive
Open Online Course (MOOC) on marine
litter



Rivers as a plastic pollution
pathway to the Arctic Ocean
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https://www.grida.no/publications/1009

Remote Arctic Communities

The Arctic: a vast and sparsel... What challenges do the communi... Backhaul Alaska program: Hazar... Greenland waste management: fr... Kola waste Project clean-up Conclusion e
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The vast majority of settlements (90 per cent) 3 o
have less than 5000 inhabitants, and these
communities are spread across a vast
territory equivalent to the size of China. The
remaining 10 per cent of settlements are
much larger, mostly administrative centres
where about three million people, or three
quarters of the total population of the

Arctic live (Wang et al., 2021).
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https://storymaps.arcgis.com/stories/8a5cd1545a0c439f81ab8b36a6f2f273

Displaced by
Plastics
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https://www.grida.no/publications/879
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Mareano seminar: Microplastics in marine sediments

(Micro)plastic pollution and efforts to combat it in the arctic

Dr Thomas Maes
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Leaving a plastic legacy:
Current and future
scenarios for mismanaged
plastic waste in rivers

Bjorn Nyberg, Peter T. Harris, lan
Kane and Thomas Maes

Science of The Total Environment
Volume 869, 15 April 2023, 161821

https://doi.org/10.1016/j.scitotenv.2023.161821 B " - Gl S «

The datasets: doi.org/10.5281/zen0do0.6894684
The interactive map: https://bit.ly/3rYPnkz.
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https://doi.org/10.1016/j.scitotenv.2023.161821
https://doi.org/10.5281/zenodo.6894684
https://bit.ly/3rYPnkz

Floodplain River Channel

Inactive Meandering Channel Belt Inactive Braided Channel Belt

Increasing MPW Sediment Entrapment
Increasing Sediment Load

Increasing MPW Bypass
Increasing Water Discharge (G R:i'D)
Decreasing Channel Stability sunes v




Trapping Plastic Plastic Biochemical % of Total % of Total

River Type Efficiency Fragmentation Breakdown MPW Input River Surface Area
Moderate Moderate
29%
25%
22%
23%
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Earth Engine Apps
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Layers N satellite Exposure of Mismanaged Plastic
e Waste in Rivers
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Bjorn Nyberg, Peter Harris, lan Kane, Thomas Maes

Background

This interactive map shows the exposure of global rivers to mismanaged
plastic waste (MPW) in 2015 and its projected impact in 2060.

The different scenarios for 2060 are A: business as usual, B: improved
plastic recycling, and C:improved plastic recycling and reduced plastic
use projection.

Select a dataset below to view MPW distributions and for summary
statistics. Use the layers panel to activate and/or deactivate layers.

MPW input in 2015

O

Click on the map to generate summary charts of MPW exposure for the
different sedimentary environments by administrative region and country.

- -~ Plastic Impact

High | < 10 t/yr/km2

: R
- X “ka None | 0 tlyr/km2
: N 2t ] Low | < 0.1 t/yr/km2
' i Medium | < 1 t/yr/km2
4
‘ d

V. High | > 10 tiyr/km2

% é)

ey : 'u -mﬂ‘l : rE“‘ %
- G g Environment
g— - - —— : B - Meandering / Single-threaded River
) T F Braided / Multi-threaded River
& : W Lake / Wetland
3 y AL
3 3 - System Migration
e - [ Non-migrating
5 ey Migrating

y

Free Flowing State

Free Flowing
Impacted Flow

Include lakes in summary statistics.

Data Download
— The datasets are available for download as cloud optimized geoti u
or as a GEE asset using the links provided below. G ) R ) I ) D l
Download Link ARENDAL
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A marine plastic cloud
- Global oceanic

plastic pollution mass
balance

Peter T. Harris, Thomas Maes, Karen
Raubenheimer, J.P. Walsh

Continental Shelf Research
Volume 255, 15 February 2023, 104947

https://doi.org/10.1016/j.csr.2023.104947
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https://doi.org/10.1016/j.csr.2023.104947
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UV radiation

Breaks down macroplastics
into microplastics
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Atmosphere

Plastic particles accumulate in the
atmosphere (and birds!), where they can
be transported over long distances
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Shipping

‘Currents

Ocean currents and gyres concentrate and
move plastics in the marine environment
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Temporary sinks* | mm|
Environmental processes —

*The distinction between temporary and permanent sinks is
for a 100-year timescale and is indicative only.

2021).
lastics — Maril

=) °

Trenches and canyons

Abrasion of tyres is a significant
source of microplastics

—
Wastewater jN
Plastic particles from synthetic textiles
are released in the aquatic environment
through wastewater systems

RIVGI;S

Rivers are pathways for
plastics, transporting them
from land to the sea

Deltas and
estuaries

Waves

@ Beach Coastal processes such as
) e L waves and tides transport
and fragment plastics Fishing
Coastal habitats Including from abandoned, lost
and discarded fishing gear
Mangroves, coral reefs, salt e i Sea ice is a temporary sink for
marshes, etc. 7 =R/ | plastics, as well as a transporter
I I t T
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Biofouling and bioaccumulation
Plastics aggregate as microorganisms and algae
accumulate on them. They are ingested by fish,
transported, and redesosited through faecal pellets. The
chemicals associated with the plastics may bioaccumulate

/
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plastics, as well as a transporter



Major sources and sinks of microplastics and marine litter

— Wave-dominated estuary

CITY AND INDUSTRY
Shallow coastal environment

~ SHIPPING

AGRICULTURE Shelf mud belt

Fjord

FISHING ACTIVITY

Canyon

Drift deposit Deep sediments

Source: UNEP 2021.
lllustrated by GRID-Arendal
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Mangrove

[ IIand—based + Isea—based}l'[lriver + Iwind + Ibiota (+ Icurrents)]=[Twatercolumn + Tcoast + Tbiota + Tshelf + Tdeepsea}l'[scoast + Sshelf + Sdeepse% _[Rcleanup (_ Rcurrents)]

DIRECT PLASTIC INPUTS  INDIRECT PLASTIC INPUTS TRANSITORY PLASTIC PLASTIC SINKS PLASTIC REMOVAL

Harris et al., 2021 - Taking a mass-balance approach to assess marine plastics in the South China Sea @ZR'EN'D'A'LE)
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~200 (75-199) million tons
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Land source Coastal zone sink Sea-based source Ocean water column
60-160 MT 47-126 MT 15-40 MT mixed layer 50-90 MT

| |
>5 mm

233,400 T (macro) + 35,540 T (microplastics)
High PP area Oom
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Ocean Currents



Zooplankton

Surface ocean phytoplankton
DIC and > POC @ PIC S QD 7%,
nutrients O ' — [Q*
@ A‘h §:

u

Aggregation

Euphotic
zone

L
=
o
=

Gravitational
settling

10 years to surface

100 years to surface DICand
nutrients

~1000 m

Py
@
3
=]
@
=
n -
)
=
o
=)

1,000 years to surface

1,000,000 years to surface
© European Marine Board
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Conclusions

Leaving a plastic legacy:

Inactively meandering and braided
river systems deliver plastic to the
ocean

A Marine Plastic Cloud:

The ocean water column behaves as a
transitory, temporary storage area for
plastic



Want to find out more?

* Nyberg et al., 2023 - Leaving a plastic legacy:
Current and future scenarios for mismanaged
plastic waste in rivers

* Harris et al., 2023 - A marine plastic cloud -
Global mass balance assessment of oceanic
plastic pollution - Continental Shelf Research

* Harris et al., 2021 - Taking a mass-balance
approach to assess marine plastics in the
South China Sea — Marine Pollution Bulletin
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Sediment sampling
iIn the MAREANO
program

With a focus on sampling
procedures for microplastics}

Stepan Boitsov, IMR

somler kunnskaop om havet




Sediments

» Sediments may accumulate
contaminants
» Particularly fine-grain sediments are
relevant
» High contents of silt and clay, <63
Lm
» Low sand contents

» Correlations between
microplastics and grain size
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Enders et al. 2019. Nature. Scientific Reports 9, 15207.
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Sediment sampling equipment

» Used by MAREANO:

Van Veen Grab |

\. mareano

samler kunnskap om havet




MAREANO: Before sampling

Kartverket

> Multibeam
maps

23 S mareano X



MAREANO: Sampling cruises

[West | | Video line - East

Tilliclay ‘; Seabed | Topographic low:

» Sediment echosounder (TOPAS) @ gee el L :

e

20m
300 m

» High-res video filming

» Benthos
sampling

~— Mmareano

samler kunnskop om havet



Experience from the I\/IAREA\IO program
547 el

| Riptoraen [0 [E

» Multicorer (above) used for sampling N 4 )
» Over 300 sediment sampling locations in T
2006-2023

> Over 50 locations for microplastics (MP)
> Samples from 100 - >2000 m depth
> Low levels of MP make avoiding " AR 7R I A B
contamination during sampling critical T T

Map: Kjell bakkeplass
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Experience from the MAREANO program

* Pilot project 2016-2017 http://www.ngu.no/upload/Publikasjoner/Rapporter/2017/2017 043.pdf
— Surface sediments from 10 locations in the Norwegian Sea and off the coast of Finnmark
— Sampled in 2011-2015 after the regular procedure for contaminants
— Analysed at GhEnToxLab, University of Ghent, Belgium

— Probably some contamination, especially with fibers

* Sampling 2018 https://www.ngu.no/upload/Publikasjoner/Rapporter/2019/2019_027.pdf

— Surface sediments from 10 locations off Bear Is. and the fjords of Svalbard
— Sampled in 2018 specifically for microplastics

— Analysed at Norwegian Geotechnical Institute (NGI)

— Test samples to check for contamination

— New sampling procedure developed based on the results

« Sampling 2020 and onwards
https://www.ngu.no/upload/Publikasjoner/Rapporter/2021/2021 028.pdf
https://www.mareano.no/resources/Rapport 2022 023.pdf

— Sampled after an adjusted procedure

— Minor adjustments to the sampling procedure after 2020-sampling

samler kunnskap om havet


http://www.ngu.no/upload/Publikasjoner/Rapporter/2017/2017_043.pdf
https://www.ngu.no/upload/Publikasjoner/Rapporter/2019/2019_027.pdf
https://www.ngu.no/upload/Publikasjoner/Rapporter/2021/2021_028.pdf
https://www.mareano.no/resources/Rapport_2022_023.pdf

Sampling — sediment cores

> Sources of
contamination

» During sampling

- Tube contact blanks: PVC + more
- Field blanks: PVC + more

» During sample
recovery

- Onboard: Sampling blanks: little
- On land: No control: tire rubber?

» During sample
preparation at
the lab.

more

 New protocol for
sampling developed

A mareano

samler kunnskap em havet




Sampling — surface sediments

> Boxcorer delivers
undisturbed surface

» Upper 2 cm may be
taken out

» Sampling blanks
necessary due to
exposure to the S
surroundings D £ 58 —

I 0 1636 BX 43

/ T-ili 26/09 | 204G




Preparing for the sampling

Clothes
Place
Sampling personnel

Sample packaging

Sample acceptance
criterion

FEY

Synthetic material should be avoided. Preferred material is cotton or
wool. Fleece clothes must be avoided. Usual oilskins, rubber boots and
plastic helmets are allowed.

All sample handling onboard should take place on deck or in open hangar
(outdoor air and temperature). The samples are not to be exposed to
indoor environment.

Two specialists take out the sample. One specialist takes out the sample.

The crew and everyone else are The crew and everyone else are
asked to keep away during asked to keep away during
sampling. sampling.

Metal tubes. Before use, keep Aluminium foil

sealed.

Two whole, undisturbed, closed Undisturbed surface, 2 cm upper
cores of any length layer

samler kunnskop om havet @



1. Opening the
sample

2. Taking out the
sample

3. Sealing the
sample

4. Sample transport
to the lab

23

Sampling protocol

1. The top lid of the core is opened
(simultaneously with a field blank
placed close to it). The core is
immediately covered 5-Alfei-(and
the field blank is closed).

2. The core is taken out by means of
a metal spade and is covered with
plastic lids.

The core is sealed by tape, labeled
and registered in the log and placed
in vertical position on the deck
outdoors

The core is transported to the lab as

it is and actual samples are taken out

at the lab

1. Boxcorer/grab lid is opened
simultaneously with a field blank
and surface water is removed
with glass pipette inserted into
the rubber hose. Only glass comes
in contact with the water.

2. The sample is taken out by
means of a metal spade, and
placed into Al foil. The foil and the
field blank are closed.

The sample is labeled and placed
into a plastic bag, registered in the
log and placed to storage

The samples are transported to
the lab and whole sample may be

analysed



Summary

Sampling procedure is critical for avoiding
contamination of the samples

MAREANO has developed a protocol for
sediment sampling for microplastics analysis

Multicorer is equipment of choice, particularly
for sediment core sampling

Boxcorer or Van Veen grab may be used for
surface sediment sampling



Thank you for your attention!




Havforskningsinstituttets
mikroplastlaboratorium og analyse av
sedimenter med mikroplast

Andre Marcel Bienfait og Fred Olav Libnau







Mikroplastlab



https://laboratorier.hi.no/plastlab/

Tetthetsseparasjon av
mikroplast fra sediment



Separasjon baseres pa metode og utstyr innkjgpt fra NGI.

Sentralt her er det som er kalt bauta, om ikke akkurat Stonehenge-starrelse




sa skjgnner en jo navnevalget

o Separasjonskammer

— Sedimentasjonskammer







Separasjon pa bauta

Sylinderdeli

/ syrefaststal

\ Hulrom:

mulighet for at
partikler legger

/ seg painnsiden

av o-ringen

Hulrom

Sylinderdeli glass O-ringi Viton




Tilsetning av sediment pa bauta
NGI-prosedyre Var prosedyre

Tas av far tilsetning
—— av sediment

o Tas av far tilsetning : on
"‘i g av sediment | | el

Niva ved henstand

Niva for tilsetning
av sediment

Niva for tilsetning
av sediment







Typisk 45 mm stalfilter far og etter endringer
Faor Etter




Innkommende sediment
100 - 200 g vatvekt

A 4

Tetthetsseparasjon
ZnCl,/CaCl,

Filtrering pa stalsikt
315 um

\

J

Siktet materiale/

Filtrering pa stalfilter
45 um

Kjemisk oppslutning
(HCl), Urea/NaOH, 30% H,0,/NaOH

.

u-FTIR ]{ u-QCL-IR ]

\ Partikler igjen pé sikten

|

Stereomikroskop

ATR-FTIR

|

Resultatbehandling
med siMPle

]{ Pyrolyse-GCMS ]{ KI-resultatbehandling]

v v \ 4

[ Rapportering




Forutsetninger for gjennomfgring

-Elementene skal kunne gjennomfgres pa en normal arbeidsdag

-Handtering av bauta skal ikke medfare slitasjeskader pa personell



» Brettet filter holder partikler pa
plass under kjemisk oppslutning

* Men filtrene ma holdes pa plass
gjennom oksidasjonsreaksjonen




Kvalitetssikring

-Begrenset tilgang til lab

-Bevisst valg av klaer

-Renhold - vask, vask og atter vask

*Metodeblank kjgres tidlig og seint i giennomfaring av prosjektet

*Luftblank kjgres ukentlig under prosjektets gjennomfaring

To luftblanke samles inn, en som skal representere forurensing ved filtreringsrack/handtering av bauta,
og en som skal representere forurensing ved handtering av sediment far overfaring til bauta.

*Test pa tetthetsseparasjonens effekt kjgres pa et utvalg tetthetsseparerte sedimenter

*Gjenfinning kjgres hovedsakelig mellom prosjektene.



|IR-mikroskopisk Analyse

T

Agilent Cary 620/670 Daylight Solutions
SperoQT 340
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3. collect spectra

2. VIS picture

1. place the sample

@rjan Bjorgy

Slide Credit
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>4M spectra
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17 Polyetheretherketone

18 Polychloroprene

15 Chitin

20Polyisoprene chlorinated
21 Polylactide acide

22 Polycaprolactone

23 Ethylene-vinyl-acetate
24 Polyimide
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25 Polyoxymethylene
26 Polybutadiene

27 Polyacrylonitrile
28Rubber 1
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Automatisering

Stage-modifikasjon vellykket (water-jet-
cutting)

- Alle 6 posisjoner fult analyserbar

Automatisering implementert (skript,
rutiner, automatisert backup)
—>Peridag 9 praver per dagn (3 dagtid
+ 6 kveld/natt)

Tidsbruk pasetting <15 min/prave

Oversiktsbilde over de 6 maleposisjoner



Databehandling

Vellykket implementering av machine learning algorithm basert pa Hufnagl et al. 2019

Mange «hovedpolymere» (PE, PP, PVC, PET, PS, PC, PA, PMMA, PTFE...)
Mange naturlige partikler/kontaminanter (tre, sediment, chitin, hud...)
Videreutvikling for flere substrater/filter, matriser og polymerer!
Automatisert startup

Men selvfglgelig finnes det noen utfordringer!

DOI: 10.1039/C9AY00252A

20



SINTEF

Accounting for a neglected component of
microplastics: Methods to quantify and characterise
coating particles from marine infrastructures in

sediments
_ Stefania Piarullil, Andy M. Booth?, Lisbet Sgrensen?, Stephan Kubowicz? \ /
x'pgp"% SINTEF Ocean, Trondheim, Norway; #SINTEF Industry, Oslo, Norway; /‘o.\-l\

stefania.piarulli@sintef.no



Plastic research at SINTEF Ocean

SINTEF

> 30 projects and > 50 papers and book chapters since 2015
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Synthetic particle and associated chemical
emissions from off-shore wind

SINTEF

Particle emissions Eroded particles also contain chemicals,

V4 f “s e.g. Bisphenol A diglycidyl ether +++
\ ) v - .

HsC CH;

Leading edge erosion of rotor

Density-driven
sedimentation




From thermoplastics to coatings

SINTEF H H
Polyethylene (PE) éé_é}
ik

- | % : Polystyrene (PS)
' |
Vg . C_E

".l-n-l‘
"*"ﬂ' Jl.

Caire ':':..--_:““ e e Polypropylene (PP)
Polyester (PES)
v L O CH;

Polyacrylic (PAA; acrylic) \m\
Polyamide (PA; nylon) l \/\/\_/“\l

[ |
Polyvinylchloride (PVC) *[?—?%
H HJ,

Lo Wesc 2023



Detection, characterisation and quantification
of synthetic particles in the environment

SINTEF
1. Understand the complex 2. Advance available sampling and analytical methaods to detect
composition of plastic products. small and diverse microplastics, and reveal their characteristics. X Leading edge
cs Erosion
LASTI - L ] [ ] @ ..
[ ] P g LAY ® .
= - Weathering over time e @ & .S_Flcs @ Weathering overtime PLASTICS
27 ‘ » L ; i
- ) N MICROF;LAQ op? : NP‘ NO . e

3
- ®
o % 0 °

0 oo.oo
Q _\ 4. Elucidate the influence of

Widespread poﬁut.ron and distribution particle size on weathering and

3. Understand the sources and sinks of \ l [ biodegradability. .
plastics, and all the compartments and ) ‘ Mn:;;;z;fne
transport processesinvolved. . 5. Quantify and qualify human A :

exposure via air, water, food. e
(A) (B)

8. Recognize that microplastic

pollution is a global (international) / . v
issue that knows no boundaries.

~ 9, Understand the capabilities and pitfalls of green / /
chemistry and bioremediation as potential solutions. P /

10. Implement policy to help mitigate plastic pollution. r / TN'"\ V4




of synthetic particles in the environment

Test and methodological validation
on reference particles

. Separation from Digestion of Fractionation &
>ample aquisition . the matrix .» Filtration

> 500 pum

Detection, characterisation and quantification

u-Fourier Transformed Fourier Transformed

Infrared Spectroscopy Infrared Spectroscopy
Imaging (LFTIR imaging In Attenuated Total
and pRaman) Reflectance (ATR-FTIR)

Imaging



Analysis of microplastics in sediments from

the Hywind Scotland floating wind farm
/) /mv

SINTEF

Leading edge
Erosion

(ASTORIA)

* Quantify and characterise the MP (>300 pm)

content in sediment samples collected from an
OWEF area

* Define the proportion of the MP derived

Wind turbine
blade

directly from plastic constituents and materials S S s
used in the OWF infrastructure (i.e. the S bincos

i i ~ .
coatings of the rotor blades) _ Monopile

¢ Determine the background MP levels of #

traditional thermoplastic polymers (e.g. PE, PP,
PS, PET, PVC)- Project partners: SINTEF Ocean and Equinor AS



Particle analysis-Validation of the extraction
procedures on particles from reference

materials

Aim: verification that the selected pre-processing and purification steps have
negligible impacts on the pristine reference materials

ight | Dim1 (SE) | Dim2 (+SE)
(mm) (mm)

Before 25 6.95 4.35(£0.2) 2.1(£0.2)
After 39 7.35 2.96 (+0.2) 1.19 (0.2)

N Weigh Dim1 (+SE) | Dim2 (+SE)
particles (mm) (mm)

Before 25 4.4 3.13(+0.2) 1.09 (+0.1) V‘
After 36 1.62 2.01(+0.1) 0.74 (+0.1) M’A_'
i (mm) (mm)
Before 25 38.34 2.25(+0.1) 2.23(0.1) ,
After 25 42.35 2.19 (+0.1) 2.06 (£0.1) 1 mm '




Particle analysis-Separation from the sample
matrix, purification and fractionation

SINTEF

Aim: separation of the particles from the sample matrix (sep/aration), digestion of exceeding
organic material (pufirification) and separation of particles of different sizes (fractionation)
/

S~
~

E‘ R
-

il

>300/500um ¢ / “\




Particle analysis-Characterisation and
quantification

SINTEF

Aim: physico-chemical characterisation of the particles and quantification

1-500 pm

U-FTIR/pu-Raman

vvvvv

polypropylens
polyslhyiene chiorinated
polyethylene oxidized
palyelhylene

mm

* Automated imaging analysis of particles

Point-based
analysis with ATR- (number of particles)
FTIR or Raman e pyrolysis GC-MS (mass-based

guantification)




hat is a microplastic particle really?

SINTEF

Polymer + Chemicals= Unique and customised
physical-chemical properties

* Added to the material to impart desirable properties

e Include: plasticisers, antioxidants, UV stabilisers, flame
retardants, colorants, antimicrobials & residual chemicals.

e Additives are not covalently bonded to polymer —
potential for mobility

11
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Methods to assess leaching of chemicals

MeOH

Chemical analysis directly on the coating/solid sample gives insight into chemical
composition, but does not foreshadow the composition of chemicals leaching into (e.g.)
seawater

Leachate 'cocktail' composition is comprised of more polar compounds, typically of lower
molecular weight.

Chemicals present in low % in material may dominate leachates due to their properties.

Intra-particle diffusion and environmental parameters determine leaching of chemicals

Leaching studies will be performed under realistic and relevant
environmental conditions (natural seawater, low temperature, gentle agitation...)
using coated surfaces as test matrix.

Analysis of leachates using a multitude of analytical techniques is
necessary to capture full spectrum of leaching chemicals; GC-MS (volatile
and semi-volatiles), LC-MS (polar organics) and ICP-MS (metals and other inorganics)



SINTEF

andy.booth@sintef.no Lisbet.sorensen@sintef.no stefania.piarulli@sintef.no
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&M&“’*‘“” Plastic monitoring team at SINTEF Ocean
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Thank you for your attention!



Solut
il .
oot
" A
.3t ale
L
Teeanth
R
e

Size matters: the significance of the size fraction for a realistic
assessment of the MP particles occurrence in marine sediments

Gomiero Alessio, Veslem@gy Navrestad, Adrian Jaén-Gil, Alan le Tressoler, Christian
Hansen, Helena Hauss

Norwegian Research Centre (NORCE) AS

seminar
MIKROPLAST | =
MARINE SEDIMENTER
4mars | 09:00 - 15:00

Mikroplast i marine sedimenter, 4 mars 2024, Trondh&im . GEOLOGISKE

UNDERS@KELSE
- NGU -




Currently analysed matrices in ongoing projects N#%RCE

* Marine and freshwater sediments
* Marine water

* Sewage sludge

* Edible plants

* Snow and ice cores

* Drinking water

* Indoor/outdoor air

kyst.no'

*Soil

* Road dust

* Marine and freshwater biota

* Aquaculture raw materials and end products

ido Forskning  Mioplas fange
Mikroplast fanges opp i fiskens gjeller og celler
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Offentlig forvaltning

Miljgmyndigheter

NORCE fokusomrader og Vestiarid Q
nettverk: ! fylkeskommune MARINTMILJ@

Plast, miljg og mennesker

Vann- og avigpsetaten

* Miljgkartlegging
Macro — Micro - Nano
* Prgvetakning og mikroplast-
analyser i jord, vann, planter

:CAF Jeeren Friluftsrad

Ideelle organisasjoner og skoler

REVScean

* Eksponering og effekter

* Lovgivning og regulering

f CLEAN SHORES

Akademisk samarbeid og utveksling

% Haskélinn
s ‘OOC’EANO,GM%/(\ .A & Akureyri UNIVERSITY of [FET
e SINTEF ; ((‘ s b % JPI Uniersty SHRLING &
'-'"~" OCEAN » ~ 2 4 E]
——— ®e ynive =
1930 Plymouth Marine
""" NTNU P M L Laboratory
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Sedimentary environment: a complex world

Credit: TRC; https://www.trccompanies.com/insights/understanding-microplastics-in-sediments/ ~

MIKROPLAST |
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Plastic litter: size matters ....

Fragmentation: natural, ongoing and unstoppable process

Solar U radiation

i
K . -
L 7% LL

Fragmentation Mineralizaticn

5 ll < Bt lll)nm 500 nm
1 particle of

and analytical methods

Microplastic range: 1 - 5000 pm

10090 um

P
= / Photo-oxidation plastics
in the envitanment

-\\\-\._
: &2 1000 x 1000 x 1000 pm
Shbalhane é Uptake & biologicalimpact §
Post BRI AW | maging FT-IR usin

Fouling & sedimentation

Because 100% = 1,000,000

Imaging ({Raman — possible methads, not wall provan

H.O, ©y, My LI Exposura
oiher aclive chamical r‘:‘(_“r{ Ir":g;_flf;.m; ‘:m;{ ;:I"Ypii’:;”
SpECIes - .
P — surface NN
Ww wratheding A LK
f A ‘ < T, 1
cracking and 2 = photochesmical . @Al { <)
m\""‘f{r ‘“‘l\\ -m_;)-?_"r iz cad <~ micro = nano?
P %
% dafact avalutian in 1,000,000 particles of
Sybetrate S nanomatarial 10x 10 x 10 pm :
IB"‘am seminar
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Good quality data from good quality infrastructure

Plastlaben er utstyrt med et hgyeffektiv ultra-lav
giennomtrengings HEPA-14H |uftfiltreringssystem med >99%
effektivitet mot innslipp av partikler ned til stgrrelsesorden 0.1-0.5
pum.

Laboratoriet har overtrykks- og luftlassystem som begrenser
kontaminering av luftbaren plast under prgvebearbeiding og
analyse. Laboratoriepersonellet bruker lav-slitasje sko og
bomullsbaserte laboratoriefrakker.




Visual flow chart of sample’s preparation PR CE

Density based flotation Size fractionation

Flotation Permeation by Enzyme o Fenton’s + 300 um
i 1 H Low density
a dispersant agent degradation reaction A\ maerl s o
enriched
? fraction \ 300-> 10 um

4

Chemical characterization

MIKROPLAST |

MARINE SEDIMENTER
&mars | 09:00 - 1500

A. Dehaut et al. / Environmental Pollution 215 (2016) 223e233



Microplastics > 300 um

Attenuated Total Reflectance (ATR)

Sample

ATR Crystal

Evanescent Wave

= A A&

IR Source Detector

A

(1<l




Polymers characterization and quantification analysis Ni%RCE

p-Fourier Transformed Infra Red analysis (1-FTIR)

w‘n \"‘n

oy f-«:

Thermal degradation analysis (GCMS-Pyr),

— Targeted: TWPs
Y= GEIVIS




Data collection and analysis
Ni%RCE

Systematic Identification of MicroPLastics in the Environment

- no of plastic plastic particles
- shape, size

- chemical composition

S e particles masses (?)




Particles masses estimation by a «2D visualization»? N

Water Research
Volume 188, 1]anuary 2021, 116519

Drinking plastics? - Quantification and
qualification of microplastics in drinking
water distribution systems by pFTIR and Py-
GCMS

Inga V. Kirstein ® 2, =, Fides Hensel %, Alessio Gomiero ° Lucian Iordachescu  Alvise Vianello %,

Hans B. Wittgren ©, Jes Vollertsen ©

v' Matrix dependent behaviour

Analytical and Bioanalytical Chemistry (2020) 412:8283-8298
hittps+//doi.org/10.1007/500216-020-02979-w

PAPER IN FOREFRONT | @

Comparison of pyrolysis gas chromatography/mass spectrometry
and hyperspectral FTIR imaging spectroscopy
for the analysis of microplastics

Sebastian Primpke ' (3 - Marten Fischer? - Claudia Lorenz ' - Gunnar Gerdts' - Barbara M. Scholz-Béttcher?

v" Good observed size vs measured mass correlation: > 10 pum



MPs size distribution

MAREANO 2023: Outlook of the size distribution

5000
4500
4000
3500
3000
2500
2000
1500
1000

50

o

0

W 11-30 pm
31-60 pm

M 61-90 pm
91-120 pm

W 121-150 pm

m151-180 um

W 181-210 pm

R3105 R3004 R3032 R3136 R3120 3131M R3165 R3183 R3175

The MP concentrations reported by this study can
only in part be compared to previous studies, due
to differences in methods and reported size classes.

The MAREANO project at the Norwegian
Continental Shelf (NCS) reported concentrations
of MP>100 um from the Norwegian continental
shelf. The highest concentration reported by
MAREANO was 391 MP kg-1 dw of sizes up to
450 um (Jensen and Cramer, 2017).



Plastic litter toxicity: why so variable?

(Il) Use and i {1} Environmental (IV) Association with

{1y Plastic production (V) Biotic (V) Digestive | {VIl) Adverse outcomes &
with endogenous release of MPs ! transformations in i exogenous pollutants | interactions physiclogy and uptake toxicological endpoints ———
chemicals aquatic systems

= Verticaland horizental * Chemiclasreaching sites of

MPs ‘mast’avariaty of * Unintended ingestion of = fnvive ieaching of

» Different high Mw polymers Incrdental ordaliberate

collected organisms
Experirnentsl design
Chosen endpoint

and bioavalabiiy

.
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Khan et al., 2022




Some final considerations

Ni{%RCE

The results from our experience in the MAREANO program indicate that variations in MP concentrations
follow expected patterns of deposition, based on correlation analysis with current systems and historic

patterns of deposition of organic matter

The Norwegian Coastal Current (NCC) is a potentially important
transport route of microplastics that links the population dense
areas of northern Europe to the Barents Sea and the Arctic
Ocean. The NCC consists of multiple water sources, mixed in on
the way towards the high Arctic. Perhaps the most important
water mass in the Atlantic water, flowing into the Nordic Seas
between Shetland and the Faroes and arriving at the Arctic
flowing along western Svalbard. Other water masses that mix
into the NCC originate from the Baltic, German Bight, and
Norwegian rivers (https://jpi-oceans-facts.eu/)

Sources
Schmidt et al. (2017) Q8O

Huserbraten, M. B., Hattermann, T., Broms, C., & Albretsen, J. (2022). Trans-
polar drift-pathways of riverine European microplastic. Scientific reports, 12(1),
3016.

= mareano
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Final remarks

Based on the current results, we argue the importance of quantifying particles
below 100 um for a full understanding and representative description of MP in
sediment samples

MIKROPLAST |
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MAPLE - Marine Plastic Pollution: Environ

MAPLE

Marine Plastic Pollution:
Environmental Impact and life cycle scenarios

2022-2026

A project in the Interdisciplinary Sustainable Initiatives at NTNU

About NTNU

Search.. Q

Marine Plastic Pollution: Environmental Impact and life cycle scenarios

(MAPLE)
 “A multi-disciplinary approach to the problem of marine plastic

pollution in Norway"”

A multi-disciplinary approach to the problem of marine plastic pollution
in Norway is essential for developing a comprehensive overview of
plastic generation, release to the environment, transport, and
environmental impacts. Our project, MAPLE, will integrate geoscientific,
hydrodynamic, biological, and life-cycle analyses to the problem of
marine plastic pollution in Trondheimsfjord and the outer central coast
of Norway to evaluate environmental impacts.

 Across several departments of NTNU

« Aim: Contribute to developing a more “comprehensive overview of
plastic generation, release to the environment, transport, and
environmental impacts” of marine plastic pollution in Norway

Comprehensive overviews elucidating the interaction of pollutants with the
marine environment are critical for the development of effective strategies
for regulation and mitigation, including reaching many of the sustainable
development goals (SDGs). Even though only one SDG (14 - life below
water) explicitly mentions plastic poliution, 12 out of 17 SDGs are put at risk
by plastic pollution and there is still a lack of understanding of its various
causes and consequences.

MAPLE will combine hydrodynamic modelling (to calculate the transport
pathways and predict accumulation hot spots) with surveys of plastics in
the water column and on the seabed (to chart existing concentrations and
determine sources), biological testing (to assess impacts on the marine
environment), and life cycle analyses (to correlate the economic value chain
to the generation of plastic pollution).

Coordinator

4 Francesca Verones
- s ”

Professor Industrial
., Ecology Programme

o +47-90544199

francesca.verones@ntnu.no
Department of Energy and Process
Engineering

Team

Nicole Aberle-Malzahn
Associate Professor Il in
B Biological Oceanography

nicole.aberle-
malzahn@ntnu.no
Department of Biology

Hans Bihs Professor
y oJ +47-90581674
hans.bihs@ntnu.no

Department of Civil and
Environmental Engineering

28 Jakob Bonnevie Cyvin PhD
Candidate
oJ +47-73559075 J +47-

+4799598656




NTNU

MAPLE- forskjellige

to find answers to complex questions

metoder

Modelering

Transport av mikroplast

(fysikk) Plast | fjordsedimenter og
Kystneer jord
Kilder, konsentrasjon og
metodikk

Biofouling

Biologi og vekst av

mikropbiologi pa plast
LCA-analyse

Verdikjeder, focus pa kleer
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Del av et storre
prosjekt - MAPLE

Min del av prosjektet fokuserer na
pa hvordan makro og mikroplast
endrer jorda og lekasjen av

mikroplast

N

- August 2023 e -
Ama__nda .H-a‘uSke_‘n (Master's student)




NTNU

Feltarbeid til Smoela og Mausun (Freya)

Kase-studie av hot-spot omrader.

Department of Geography



NTNU A
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96
Mausund (Freya) oY,
(s
13 jordprever (totalt ca 350liter jord
. Kvantlﬂ ering av mikroplast og
makro p?a St ' 0 27555 11 Kiometers
Funn

- Hoy kamkroplastkonsentrasjon: 3 to 72 % (dry
weight (dw) plastic / dw soil samples).

- Mikroplast-konsentrasjon | snit ca 84 000
partikler/kg jord (dw) (30pm-5mm).

» Observert sammenheng mellom

Mikroplastkonsentrasjon og
makroplastkonsentrasjon

Department of Geography




B View PDF Download full issue

Science of The Total Environment
Volume 787, 15 September 2021, 147547

Macroplastic in soil and peat. A case study
from the remote islands of Mausund and

Froan landscape conservation area,
Norway; implications for coastal cleanups
and biodiversity

Jakob Bonnevie Cyvin “® 9 =, Hilde Ervik @ &, Anne Aasen Kveberg_b X,

Christina Hellevik ¢ =

Show more ~/




*Dette fikk meg til a tenke pa om dette er en
endestasjon for plasten, eller bare en
mellomstasjon



SMOLA 2023. Provetagning for
infiltrasjonsstudie, og
Bacheloroppgave for Hausken

Have collected in the field:

3 soil cores (1, 2, 3) collected per site at 3 different sites
(A, B, C), 9 soil cores total.

L Ll
, '-
.
"
A
X '
4
y/

Photo by: Amanda Hausken

Local rainwater from the same area which the soil core
samples were collected from.

Spatial Reference Credits: Sampling locations selected by Jakob B. Cyvin and ' Sampling location
Name: ETRS 1989 UTM Zone 33N Zuzanna Maria Sledz. Map created by Amanda Hausken using

PCS: ETRS 1989 UTM Zone 33N Esri ArcGIS Pro. Basemap source: Esri, Maxar, Earthstar

GCS: GCS ETRS 1989 Geographics, and the GIS User Community

Datum: ETRS 1989
Projection: Transverse Mercator
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29X Forstorrelse

Department of Geography



NTNU Resultater sdine TR

Marin plast
vaskes opp...

Sedimenteres og
brytes ned
(sakte)...

Mikroplast lekker tilbake
til havet
AND BACK AGAIN.

Trend: Hoyere

19.98 + 10.83 MPs/L

27 473 MPs/m2/year makroplastkonsentrasjon »

mere lekasje (significant p=0,04
til p=0,012)

Source: (Hausken, 2023) | lllustration by: Amanda
Hausken




NTNU

Hva betyr dette

...kystnaer jord virker a bidra som en hittil ikke-inkalkulert kilde til sekundaer mikroplast. Omfanget er sa langt
usikkert. Feltprgver er gnsket og analyse med FTIR-eller Pyrolyse GC-MS er ngdvendig for verifikasjon av

innevaerende resultater.

Infiltrasjonstester tilsier ogsa at plast endrer infiltrasjonen, ogsa ved
lave konsentrasjoner (under 3% dw/dw). Men endringen virker a

veere forskjellig i tgrr jord, ved feltkapasitet og mettet. . o
Mangler forskning pa hvordan plast pavirker

jord, og hvordan MP ender tilbake | havet
Department of Geography



Det pagar store diskusjoner langs kysten

Hvorfor trenger vi o ore medjosmonnet o
kunnskap om dette?

Department of Geography



* Hva har vi?
-Metodikk for pregvetaking i felt — ta ut jordseyler

-Rimelig metodikk for rask kvantifisering av plast vs.
lkke-plastOppsett for

* Hva mangler vi
-Et stgrre prosjekt, med ressurser til et stort antall
laboratorietester for 3 gjenta lekkasje-testene
-Feltstudier pa lekkasje av mikroplast fra jorda
-Bruk av analytiske metoder for polymeranalyse

-Replikasjon av infiltrasjonstester (pagar) for a se pa
hvordan makroplastkonsentrasjon pavirker
infiltrasjonshasigheten

/4



Takk til NTNU
Baerekraftsatsning for
finansiering av PhD-
konsortiet MAPLE
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IKROPLAST | NORSKE KYSTOMRADER, INNSJQER OG ELVER
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kler og annen mikroplast i

imenter - erfaringer fra

Vanja Alling (Project Manager, MIKRONOR)
Elisabeth Rgdland (TWP responsible)



Norway’s first microplastic monitoring program (2021-2024) -
funded by the Norwegian Environment Agency

AIMS
* Quantify levels and types of microplastics (MPs) in the Norwegian environment
* |dentify variations in MPs concentration between sample types and geographical areas

* Contribute to knowledge of sources and pathways of microplastics into the Norwegian
environment

Contribute to international harmonization of microplastic monitoring programs (EU and
OSPAR)

Give a foundation for further national monitoring programs of microplastics

= MIKRONOR

MIKROPLAST | NORSKE KYSTOMRADER, INNSJ@ER OG ELVER



MIKRONOR - Sediment data

Vertical plankton haul
(200 pum)

MARNE

High volume pump
(50 and 200 um)

Ferry Box
(100 and 200 um)

Sample collection in different matrices

e

FRESHWATER

Manta trawl
(300 um)

Vertical plankton ha
(90 um)

\

ill//

Effluent WWTP
(70 pm)

Urban run-off
(50 um)

Sediment
(50 pum)

Blue mussels
(50 pm)

Duck mussels
(50 pum)

Polychaete
(50 um)

AIR (NILU)
(deposition and active
air samples, 10 um)




MIKRONOR — Sediment data ©BR43 ]
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Sediment sampling

Field
 Grab sampling
 Three replicates (three separate grabs)

Field manual describes contamination control
measures
e Field blanks: atmospheric blanks (3 per station)

« Samples of potential contamination sources:
clothes, ropes, paint, samplers or other

Uncertainty: Mikronor receives samples from
other monitoring programs and do not have
control of the field work

NIV~




Lab contamination reduction

High focus on contamination control

« MP lab with under-pressure and HEPA filter (H13)

« No synthetic clothes allowed (cotton scrubs and cotton lab coats)

« Continuous monitoring of MP contamination with strategically placed lab blank samples
« RO water is filtered (0.22pm Milipak membrane)

e All chemicals are filtered (1.6pum GF filter)

« LAF-benches used when preparing samples

NIV~



Sample pretreatment for FTIR analysis

Freeze dried and homogenized

40-50gr dw

Acetic acid+
KOH/Fentons




Sample pretreatment for FTIR analysis

Freeze dried and homogenized

40-50gr dw

Acetic acid +
KOH/Fentons

NIV~

50-300pm

>300pm

NIVA: Perkin Elmer TIR, Purency/SiMPLE

MFTIR
scanning

Microscope
and FTIR per
particle



Sample pretreatment TWP analysis

Freeze dried and homogenized

40-50gr dw

<500pm sieved
and homogenized

NIVA: Frontier Multi-shot Microfurnace Pyrolyzer, Agilent GC/MS (5977B MSD, 8860 GC)

PYR-GC/MS
NIV



CURRENT TRWP QUANTIFICATION AT NIVA (PYR-GC/MS)

" CURRENT METHOD
—’ LARGE VARIATION OF SBR+BR IN

COMMERCIAL TIRES
NIVAS DATABASE: 40+ TIRES

MONTE CARLO
PREDICTION

MS |GC

MULTI-MARKER PREDICTED

COMBINATION TO MEANé.I'EADEDIAN’

QUANTIFY SBR+BR PERCENTILES
RUBBER (7 markers) ETC.

HIGH LEVELS OF
ORGANIC MARKER RATIOS ARE NEW MARKER COMBINATIONS

MONITORED AND ARE UNDER INVESTIGATION...
MATERI:AAALT/FC&MPLEX RS

Reference: Rpdland et al., 2022, Rgdland et al., 2023



Sample pretreatment TWP analysis

Spike-recovery testing on
freshwater samples

'SDS+FENTONS
Single shot /
Freeze dried, PYR-GC/MS SDS+FENTONS+
homogenized, \ENZYM ES
<500um -
Double shot SDS+FENTONS+
PYR-GC/MS  KOH+ENZYMES

i 'NONE




Sample pretreatment TWP analysis

Spike-recovery testing on
freshwater samples
4

Y )| SDS+FENTONS
Single shot
Freeze dried, 5 PYR-GC/MS ) SDS+FENTONS+
homogenized, ENZYMES
<500um - N
Double shot SDS+FENTONS+
PYR-GC/MS  KOH+ENZYMES |

i 'NONE




All samples

e Three field blanks accompanied
each three replicates of
samples

e In addition, three lab blanks
followed the samples in the lab

e LOD: the mean number of
microplastics in the lab blanks
for that sample type + 3 x SD

e LOQ: the mean number of
microplastics in the lab blanks
for that sample type + 10 x SD

NIV:

QA/QC - PYR-GC/MS

Sediments

e Blank cups and QC samples (SBR
20ug/cup) monitor signal
response and background levels

e The LOD (3 x S/N) using the sum
of markers were 0.043ug SBR

e The LOQ (10 x S/N) were 0.188
Mg SBR



NIVA has developed an interactive website for data visualization

Mikronor Data (mikronor-data.no)

Miljo- Microplastics in the Norwegian Environment NIVA-

direktoratet

Norsk institutt for vannforskning

Filters |
. Concentrations

Include

Year
Sediment Biota Wastewater Urban run-off Plankton net Water, pump Manta Trawl Ferrybox Svalbard
Marine Freshwater

Exclude

Station ~
The results for marine sediments revealed distinct patterns in terms of the number of microplastic particles, their masses, and in
TWP concentrations. provide a comparison across sampling stations of numbers and mass of MP particles and of TWP,
respectively. All field blanks (atmospheric) showed consistently low number of particles, well below LOD (see Sampling

Size strategy) It is notable that larger microplastic particles were more prevalent in stations closer to the shore and in urbanised
areas. This trend became even more pronounced when examining their respective masses, expressed as Hg/g dry weight.
Additionally, TWP concentrations were highest in the samples collected from the areas around Akershuskaia and Bekkelaget in o

Detection Limit

Number of MP Particles
APPLY FILTERS

@ 50-300pm @B 1-5mm @l 300pm-Tmm () 11 9

NIV~


https://www.mikronor-data.no/

~ triplicates

>L0Q, >LOD
~ triplicates
<LOQ, <LOD

Results Marine sediments £ ) MP count (particles/g dw)

MP count and mass:
21 polymer types

» Count of polymer particles 50 pm

E 1.0l 11. L o
tO 5 mm: <LOD tO 5 MP/g dW @0 | 5~ @ 300um-1mm 50-300um @ <LOD -LOD @ >LOQ 19 J
« Mass: <LOD to 1000 ug/g dw Inger Oslofjorg
| MP mass (ug/g dw)
* Highest count and mass found in — =
inner Oslo fjord
 Relatively high numbers of small | "
particles also in remote areas . ."' P EPTIRPRRRIFITIIIRIT S

NIV~




Tire wear particles TWP mass mg/qg

Results Marine sediments

25 Redland et al., 2023

Comparable levels to roadside

soils of low-traffic areas*
2-26mg/g dw

15

TWP mg/g

10

NIV~




TRWP in the
Oslofjord:
tunnel wash
water

Sedimentation of TRWP in
shallow areas of the
Oslofjorden

Modelled from outlet of
tunnel wash water from
Filipstadkaia og Myggbukta

NI/  Project DAFT 2022-2023
Acona IKM og NIVA




A - Freshwater Sediment - number of MPs

. “ Mjosa outside Hamar .~
Results FW sediments | - ~

MP count and mass:
21 polymer types

« Count of polymer particles50 == . &0 - -_.-. = =1
pmto5mm:<LODto2MP/g .~ ~ ~ < | 0 0
dw s e e s

« Mass: <LOD to 2 ug/g dw | Il I

. 1big particle

" 4

* Highest in Mjosa

* Low humbers compared to
Oslo fjord, both mass and
numbers

NIV~



Tire wear particles TWP mass mg/qg

Results FW sediments

[ R T ]

B - Freshwater Sediment - TWP mass

*Klockner et al., 2020
( Few studies of TWP in lakes

25
: One study from Germany*
0.17mg/g (TED-GC/MS)

20

15

TWP mg/g

10

NIV~




Summary

« Mass and count data will give different
information

= Including single particle data is valuable,
especially in areas with lower
concentrations
« TWP analysis on sediments is challenging and
extensive pretreatment is needed for some
sediment samples

 Higher levels of MP and TWP found close to Blue mussel collection (NIVA)
urban areas, especially Oslofjord

« TWP levels in inner Oslofjord were especially
high compared to other sediment samples

NIV~



NIV~

Takk for
oppmerksomheten!

elisabeth.rodland@niva.no




Resultater fra Mareano mikroplast
kartleggingen i norske havomrader

presentert av Henning Jensen, NGU




Litt historikk: Mikroplast analyser og rapportering fra 2016 — 2023
2016 — 2017: Ughent, Belgia, utvalgte kjerneprgver fra lager fra Mareano-tokt

2018 - 2020: NGI — pragver fra 2018, 2019 og 2020

2022 NIVA og Eurofins Norge AS — prgver fra Mareano-tokt 2021
2023 NORCE - prgver fra Mareano-tokt 2022
2024 - HI — praver fra 2023 Mareano-tokt: analyser pagar

| den samme periode har det skjedd en utvikling mht. analysemetoder og
kvantifisering.

Det vises eksempler fra hele perioden med MP-analyser.

é samler kunnskap om havet
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Fordeling av mikroplast i

. i B o 0E
overflatesedimenter. S mareano Vg — y
4]
« Samtlige analyserte overflateprgver : o
tilgjengelig pa www.ngu.no og
WWW.mareano.no / L PN
- Totalt 63 lokaliteter i norske A o P
havomrader B e i ;
« 60 lokaliteter: kvantifisert MP g | NS
« 3 lokaliteter: ikke kvantifisert MP. /
0 - 14 780 partikler/kg sediment AW
; . ; & L Mikroplast
it ’/ . Antall partikler per kg sediment terrvekt
o X Ikke identifisert
1 o
@ 1000 - 3000
@ 3000
E @ Universitet Ghent analyse
. NGI analyse
® 2022
Sedimentasjonsmiljo
O et il
Utsira i rge:/@ng:oy: avs::\ing'

60°N
L
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http://www.ngu.no/
http://www.mareano.no/

Eksempler fra mikroplastanalyser fra 2016 - 2022

» Geografisk fordeling

» Spiller sedimentasjonsmiljg og andre forhold en rolle i MP-fordeling?

* Pyrolyse GC-MS: hvilke muligheter har vi?

« Daterte sedimentkjerner: fordeling av MP i dypere (og eldre) lag |
sedimentene. Nar kommer MP inn i sedimentene?

ﬁ saomler kunnskap om havet
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Geografisk neere lokaliteter

Mikroplast
- ‘_" Antall partikler per kg sediment tarrvekt
i Ikke identifisert
<100
100 - 299
300 - 999
1000 - 3000
> 3000

Universitet Ghent analyse
NGI analyse

NIVA analyse 2021

V. T

Sedimentasjonsmilje

I Avsetning fra suspensjon

| Avsetning fra suspensjon, lokal erosjon av finkornete sedimenter
1 Ingen/langsom avsetning

000000 ¢ - X

Avsetning fra bunnstremmer
Erosjon, lokal ing av i i
I Erosion

samler kunnskap om havet
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Geografisk neere lokaliteter

Eksempel 1.

¥

X

b

o/ $ g
N i o

Mikroplast
Antall partikler per kg sediment tgrrvekt
X Ikke identifisert
e <100 @ Universitet Ghent analyse
@ 100-299 @ NGlanalyse
@ 300-999 @ NvAanalyse 2021
@ 1000 - 3000
@ >3000

Sedimentasjonsmilje
I Avsetning fra suspensjon
| Avsetning fra suspensjon, lokal erosjon av finkorete sedimenter
[ Ingen/langsom avsetning
Avsetning fra bunnstremmer
Erosjon, lokal ing av i i

MAREANO seminar: mikroplast i sedimenter 04.03.2024
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Finstoff
% < 63 ym
0 -1 cm dybde
0.0-27.0

27.0-46.7
46.7 - 65.7
657 -83.3
83.3-98.8

° @ 2021
®
®
®

Sedimentasjonsmilje

- Avsetning fra suspensjon

] E[ Avsetning fra suspensjon, lokal erosjon av finkornete sedimenter
-| B Ingen/langsom avsetning

[ Erosjon

Avsetning fra bunnstremmer

Erosjon, lokal av sedi i

Y

-~ mareano

somler kunnskop om hovel

|

.ﬂh

EK vest for Aktlvnssot

100 200km |

Mikroplast
Antall partikler per kg sediment torrvekt
X Ikke identifisert
e <100 . Universitet Ghent analyse
® 100-299 @ \Glanalyse
@ 300-999 @ NIVAanalyse 2021
@ 1000 - 3000
@ 3000
Sedimentasjonsmiljg

I Avsetning fra suspensjon
| Avsetning fra suspensjon, lokal erosjon av finkornete sedimenter
[ Ingen/langsom avsetning
Avsetning fra bunnstremmer
Erosjon, lokal

ing av i i

S mareano

100

200km |

|

\ mareano
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Geografisk neere lokaliteter
Eksempel 1.

Mikroplast
Antall partikler per kg sediment terrvekt
Ikke identifisert

Antall sgppelregistrering

<100 . Universitet Ghent analyse
100 - 209 @ NGl analyse
300 - 999 @ NVAanalyse 2021

1000 - 3000
> 3000

@00 e o X

yr /{ Sedimentasjonsmiljo
,| I Avsetning fra suspensjon
Avsetning fra suspensjon, lokal erosjon av finkomete sedimenter

[ Ingen/langsom avsetning
Avsetning fra bunnstremmer
Erosjon, lokal avsetning av sedimenter i forsenkninger

~ NHO01-B01

4 f'
.). u‘,
7 A
4 275 i

sgppelregistreringer per videostasjon i Norskehavet. Symbolstgrrelse og farge er i henhold til HIs tegnforklaring
Presentasjonsregler - Sgppel pr Mareano-stasjon (geonorge.no). Apen sirkel: ingen registreringer pr. 100 m; gul sirkel: 0 - 0,5

S

MAREANO seminar: mikroplast i sedimenter 04.03.2024

registreringer pr. 100 m videolinje; oransje sirkel: 0,5 - 1,0 registreringer pr. 100 m; svart sirkel: >1 registrering pr. 100 m. Kilde:
http://www.mareano.no/kart/mareano.html#maps/3250.

mareano

samler kunnskap om havet



https://register.geonorge.no/data/documents/Tegneregler_s%C3%B8ppel-pr-mareano-stasjon_v1_presentasjonsregler-hi-soppelprmareanostasjon-20210831_.pdf
http://www.mareano.no/kart/mareano.html#maps/3250

Geografisk neere lokaliteter ..... 1
Eksempel 2 s 1 |

R1965: 322 MP, 82 % <63 pm
R1951: 46 MP, 74 % <63 pm

Mikroplast
Antall partikler per kg sediment terrvekt

, Ikke identifisert

<100

100 - 299

300 - 999
1000 - 3000
> 3000

. Universitet Ghent analyse
@ NGl analyse

@ NIVAanalyse 2021
y o
Sedimentasjonsmilje
I Avsetning fra suspensjon
| Avsetning fra suspensjon, lokal erosjon av finkornete sedimenter
[ Ingen/langsom avsetning

900 ¢ o X

R2486: 341 MP, 70 % <63 pm

R2524: 41 MP, 29 % <63 um ===
I Erosion

mareano
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Pyrolyse GC/MS

« Enkelte resultater basert pa analyser av 2021 praver:

Chromatograms

QW UMWl £A5 |_ @ Displaymode | Overlaid +|  §%F
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S
50817004 | WSIFront EIGE27-1000E__ b OstY 004 | MSAFront T SCANEI
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e
g_é B2

f& 2021 prever med svakt utviklet - i
spekter for polyetylen, men ikke - fﬁ
bra nok for kvantifisering i | \

\

nse [Gounts]

Pyrolyse GC/MS rapportert i:

https://mareano-no/resourceS/Rapport_2022_023-pdf h 2230 2235 2240 2245 2250 2255 2280 228 2270 2276 2280 228 §§23ﬁm2m2£ﬁm| 2300

|
2305 2310 2315 2320 2325 2330 2335 2340 2345
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Pyrolyse GC/MS

butadie

« samtlige 2022 pregver (SBR = styrene

diene ruber, ilekkgg‘mmi)

=S y ' ’ o Ly
’ ’ 7
..................... S J e _' ‘ s 4
5, T
B 5 e o ).

SBR er registrert i samtlige
overflatepraver.
Enhet: ug/kg sediment

https://mareano.no/resources/Rapport_2023_020.pdf

pg/kg sediment
e 0-10

® 10-20

@® 20-30

@ 30-40

@ >4

Sedimentasjonsmiljo
- Avsetning fra suspensjon
| Avsetning fra suspensjon, lokal erosjon av finkomete sedimenter
[ Ingen/langsom avsetning
Avsetning fra bunnstrammer
Erosjon, lokal ing av i i

[ Erosjon

mareano
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Mlkroplast | Pb 210 datert sedimentkjerne fra Kvitgyrenna, N& for Svalbard

R2897 M CO 1 antall MP-partikler /Hkg
Kvitgyrenna

= I~

N A O ® O N A O ®
O O © © © o o © o
S & & & & & © © ©
o & & &6 &6 &6 &6 o o o

0-2cm R2897MC01

2-4cm R2897MCO01

| Oversiktskart og stajonsnummer
Stasjoner 2022 Stasjoner for 2022 %
F Kun 0-1 cm +  Kun overflate g
=220 @  Full kjerne ©  Full kjerne %3
Utsira @
sl mw,  DMSing 5 e20em [T R2897MCO1 2
, 2 g
3184 @ —
7 S S
[ S 1012em [N R2so7MC0L =
Sedimentasjonsmiljo 3“%3}5,;5"5 : 2 g
I Avsetning fra suspensjon ey R 9'
Avsetning fra suspensjon, lokal erosjon av finkomete sedimenter { ’ 3 12-14 cm _ R2897MCO1 3
I Ingenvlangsom avsetning < 9 (':D
Avsetning fra bunnstremmer '—x"
Erosjon, lokal avsetning av sedimenter i forsenkninger “—D
e i e 14-16 cm T Rogg7MCO1 3

16-18cm [T R2go7MCO1

Mikroplast i sedimenter under 1950 — hvorforer
ikke godt forstatt.

R2897MC01

28-30 cm R2897MCO01

0

I N N
o

mengde MP, mg/kg
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sl bamd ool

Mikroplast i sedimenter under 1950 — ikke godt
forstatt hvorfor.

antall MP-partikler /kg 6 X R I

Kan forbedret XRI hjelpe her? - 988884d¢8¢8¢
0-2cm R2897MCO01 5;

2-4cm 0 R2897MCO01

"E
46cm R2897MCO01 u;
% H
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S
[}
(0]
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= Q
@ 0,
=3 o
5’ =}
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= @
=1
12-14cm N R2897MCO1 3
=]
=
Pb-210 datering: 1950 12-16 cm [ R2897MCO01 3
ale g P 14-16cm 3
16-18cm R2897MCO1
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o N »

mengde MP, mg/kg
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Oppsummering - 1

« Mikroplast finnes i omtrent alle analyserte lokaliteter i norske
havomrader.
- Arsaker til observerte variasjoner i geografisk fordeling:

« Havstrgmmer spiller en rolle i fordeling av MP i alle norske
havomrader (Nordsjgen, Norskehavet, Barentshavet)

« Antall partikler/kg sediment (LFTIR): avhengig av filterstgrrelse — en
utfordring & sammenlikne forskjellige MP-undersgkelser.

« Sedimentasjonsmiljg (lokale variasjoner): mer MP akkumulasjon
hvor det er mer sedimentasjon enn hvor det er mindre
sedimentasjon.

« Regionale variasjoner: mulig at forsgpling pa havbunn har
betydning for hvor mye MP som finnes (nedbryting lokalt)

ﬁ sOmier EunNnnsEap om navean
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Oppsummering -2

Pyrolyse GC-MS: gir svar (SBR), hvor ikke uFTIR fungerer, samt
identifikasjon av MP i enkelte prgver, men ikke kvantitativt for en rekke
polymerer. Forbedring av opparbeidingen av praver til Pyr-GC/MS?
Mikroplast finnes i dypere lag. Daterte sedimentkjerner viser at MP
finnes i kvantifiserbare konsentrasjoner i lag eldre enn 1950, og vel sa
det! mulig forklaring kan veere bioturbasjon: bedre karakteristikk av
sedimentene med XRI?

Bade lokale og regionale forhold kan pavirke hvor mye MP som finnes i
sedimentene: sjekke marin forsgpling, sediment sammensetning
(kornstgrrelsesfordeling, TOC m. m.). Mekanismer for avsetning av
MP | sedimentene

MAREANO seminar: mikroplast i sedimenter 04.03.2024
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