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Keynote Lectures



The Sea: what's in it for me?

Emeritus Professor Michael Depledge,

European Centre for Environment and Human Health
University of Exeter Medical School
United Kingdom.

The seas and oceans provide more than 99% of the space in which organisms can survive and
flourish on Earth. Regrettably, they are also receptacles into which vast amounts of anthropogenic
waste have been discharged, accidentally or intentionally, over centuries. This, together with the
long-term, ruthless exploitation of marine biota, has led to a decline in biodiversity and, in some
cases, ecosystem collapse. To try to address this dire situation the United Nations have
designated the period from 2021-2030, the “Ocean Decade”. Objectives include achieving a clean
ocean, with healthy and resilient ecosystems that are safe and accessible for humans, while also
providing inspiration and engagement. This initiative echoes of many earlier national and
international efforts directed to similar goals, but clearly, they have achieved only limited success.
How then can we improve our approach to make greater progress?

In this presentation, the situation will be reframed. Attention will be paid to how we arrived at this
juncture and how we might alter future human interactions with seas and oceans worldwide.
There is much in our seas that directly or indirectly threatens our lives, but equally, marine
ecosystems contain a wealth of resources that foster human health and wellbeing. Potential
changes in the management of environmental chemicals and microbial pollution will be discussed
in the context of a rapidly changing climate. The importance of ocean literacy and the vital role of
coastal communities in tackling the “wicked problems” we face, will be explored. In particular, the
case will be made for the further developing the meta-discipline of “Oceans and Human Health”
to transform the way we think about our relationship with the marine environment and embrace
the intimate interconnections between human health, wellbeing and the seas around us.



Just how toxic is microplastic and nanoplastic?
Dr Andy M. Booth

SINTEF Ocean, Norway

Is the increasing societal acceptance that microplastic and nanoplastic (MNP) represent an
environmental and human health risk based on proven scientific fact? This presentation aims to
provide a status on the known risks associated with MNP and highlight how we can improve risk
assessment going forward. Microplastic is prevalent in the environment, and we have good tools for
determining environmental and human exposure levels (>10 um). Yet hazard assessment has not
been able to keep pace with exposure assessment. A key issue is the lack of environmentally relevant
MP reference materials that replicate the irregular shaped, partially degraded MP, comprising a
continuum of sizes, a wide range of polymer types and a vast range of plastic-associated chemicals,
that are found in the environment. There are also no representative NP reference materials and we
have even less knowledge to work with from an exposure perspective. With just a handful of studies
attempting to quantify environmental concentrations of NP, the extraction and analysis techniques
are not validated, meaning we may easily be over or underestimating levels. NP is thought to present
a greater risk than microplastic given that its small size could permit transfer across biological barriers
and lead to accumulation in organisms. The result is many MNP toxicity studies employ spherical
particles of a single size or narrow size distribution, comprised of a single polymer type; making it
extremely difficult to extrapolate results to the complex mixture of particles and associated chemicals
found in the environment. There is often no link between determined environmental levels and the
exposure concentrations used in the toxicity studies. Limited physicochemical characterisation of
MNP used in toxicity studies means that the properties driving observed toxicological impacts are
poorly understood and the mechanisms of toxicity are rarely investigated. To conduct meaningful risk
assessment, it is critical to identify and use the most relevant species, life stages and toxicological
endpoints. With an increasing body of published MNP research available, we will take a brief look at
the new FARE Toolbox for assessing the quality of MP studies for use in risk assessment. We
conclude with a look at the new UNEAS plastics treaty and what this might mean for the micro- and
nanoplastic research fields.



Tracking complex mixtures in the environment and
wildlife with in vitro bioassays

Professor Beate |. Escher?:2

"Helmholtz Centre for Environmental Research — UFZ, Department of Cell
Toxicology, Permoserstr. 15, 04318 Leipzig, Germany

2 Eberhard Karls University Tiibingen, Environmental Toxicology, Center for
Applied Geoscience, 72076 Tiibingen, Germany

An overwhelming number and diversity of organic chemicals are in daily use and enter the
environment during or after use and disposal. Chemical pollution is an increasing threat to our
environment, to wildlife and to people. The impact of chemical pollution will be amplified by
population growth and climate change. However, conventional chemical monitoring programs
have been criticized on the basis that they cannot include the full range of chemical pollutants
that could occur in the environment including transformation products, and they do not account
for the combined effects of mixtures of chemicals. Bioanalytical tools may therefore complement
chemical analysis for cost-efficient and comprehensive (bio)monitoring. Bioanalytical tools are in
vitro cell-based bioassays that target specific mechanisms of toxicity and give a measure of the
toxicity of mixtures of known and unknown chemicals, such as persistent organic pollutants,
pesticides, industrial chemicals, pharmaceuticals and their transformation products. Bioanalytical
tools provide measures of the cumulative effects of mixtures of chemicals that exhibit the same
mode of toxic action, for which the selected bioassays are indicative plus they can give a measure
of the cytotoxicity of all chemicals acting together in an environmental sample. One of the biggest
challenges for the application of in vitro bioassays is the comprehensive extraction of organic
chemicals from complex and often also organic matrices. A smart combination of passive
equilibrium sampling for hydrophobic pollutants together with solid-phase extraction for more
hydrophilic and ionizable organic chemicals leads to a defined extraction without changing
mixture composition. Using case studies on water quality monitoring and biomonitoring of marine
wildlife | will illustrate how a combination of chemical analysis and bioanalytical tools in
conjunction with mixture modelling can help to understand which fractions of the chemical
pollution are known and which are unknown. Improved detection of the presence of mixtures of
chemicals in environmental matrices, such as water or sediment but also in biota informs
chemical risk assessment and management options.



Upstream changes, downstream impacts:

How terrestrial inputs shape contaminant cycling
and fate in northern freshwater and coastal
ecosystems.

Dr Amanda E. Poste':2

"Norwegian Institute for Water Research, Oslo, Norway
2UiT The Arctic University of Norway, Tromsga, Norway

Climate change is resulting in permafrost thaw, melting glaciers, and changes to precipitation and
runoff patterns, leading to altered inputs of freshwater and terrigenous material (sediments,
nutrients, organic matter (OM), and contaminants) from land to northern freshwater and coastal
ecosystems. Recent research has indicated that substantial amounts of mercury (Hg) are stored
in Arctic permafrost soils, while other studies have documented substantial pools of previously
deposited persistent organic pollutants (POPs) in glaciers and surface soils. As such, ongoing
thawing of the cryosphere and increased precipitation and runoff, has the potential to lead to
strong increases in the mobilization and transport of contaminants from northern permafrost,
glaciers and surface soils from land to rivers, lakes and—eventually—to the sea. However, little is
known about fluxes of terrestrially-derived contaminants to northern freshwater and marine
ecosystems, and even less is known about the fate of these contaminants in the aquatic
environment, despite the potential for increased mobilization of and downstream transport of
‘legacy’ POPs and permafrost associated-Hg to lead to increased contamination of aquatic food
webs.

This presentation will focus on how terrestrial inputs to northern freshwater and marine
ecosystems shape contaminant cycling and food web accumulation, with examples drawn from
research on Hg and POPs in northern lakes, rivers and coastal systems. In particular, | will provide
examples related to: 1) climate change impacts on inputs of contaminants from land to
downstream freshwater and coastal ecosystems; 2) the role of terrestrial OM and particulate
matter in shaping the fate of contaminants in the aquatic environment; 3) indirect effects of
terrestrial inputs on contaminant uptake and food web transfer via changes in food web structure;
and 4) potential implications of expected increases in Arctic terrestrial-aquatic (including land-
ocean) inputs.



Summary of scientific sessions




Session 1
Effects of pollutants in a multiple stressor
context

Co-chairs: Ketil Hylland (UiO), Heli Routti (NPI)

Chemical pollution is only one of many environmental factors that may influence the health and fitness of
marine organisms. Other stressors related to human activities include marine litter and microplastics,
harvesting, habitat modification, noise pollution and eutrophication. Global climate change may increase
the amplitude of “natural” stress to marine organisms in terms of changes in temperature, pH, turbidity,
food availability and quality, and predation. This session invites studies using observational, experimental
and/or modelling approaches and contribute to our understanding of how individual stressors add up to or
detract from the total stress level experienced by organisms, populations or communities. In addition,
papers that quantify specific effects of individual stressors are also welcome.

Platform Presentations

Bourgeon, Bingham, Kanerva, Nikinmaa, Aars, Criscuolo, Zhan, Routti, Telomere length in female polar
bears: metabolic control or biological effect of contaminant exposure?

Hansen, Bustnes, Herzke, Helander, Criscuolo, Huber, Eulaers, Sun, Bourgeon, Investigating
relationships between exposure to organohalogenated contaminants and biomarkers of health in a marine
top predator - exploring the toolbox

Gravelle, van Dinh, Titelman, Sareide, Borga, Effects of ocean acidification, pyrene and elevated
temperature on the arctic copepod Calanus glacialis

Dingstad, Lode, Heuschele, Borga, Effect of historic aquaculture activity on copepod sensitivity to
combined copper and predation risk exposure

Sengupta, Leinaas, van Gestel, Borga K, Interaction of neonicotinoid exposure and temperature on the
life-history of the widely distributed Collembola Folsomia quadrioculata

Kildebo, Paus-Knudsen, Andersen, Garratt, Heuschele, O’'Reilly, Rockx, Stanley, Andersen Sveinsson,
Nielsen, Katrine Borga, Effects of clothianidin and its replacement flupyradifurone on bumblebee colony
development under ambient temperature

Poster Presentations

Brochmann, Heuschele, Lode, Titelman, Jager, Borga, Combined effect of predation stress and copper
exposure on survival in five species of coastal copepods.

Granlund, Johnsen, Tgrnes, Mariussen, Voie, Dumped munition — a future environmental threat?



Piarulli, Forbord, Ciesielski, Riedel, Hansen, Olsvik, Jenssen, Farkas, Spatiotemporal monitoring of
elements of potential environmental concern along the Norwegian coast using the sugar kelp Saccharina
latissima.

Riedel, Farkas, Ryveenge, Piarulli, Krogstad, Ciesielski, Bruckner, Kristensen, Hansen, Olsvik’ Rare earth
elements and yttrium: do they add to the ecological footprint of salmon farming in Norway?

Schultze, Langva, Knudtzon, Rundberget, Brooks, Poste, Hessen, Ruus, Andersen, Borga, A comparison
of the effect of terrestrial and aquatic dissolved organic matter on uptake rates of Teflubenzuron in mussels
(M. edulis) and ascidians (C. intestinalis).

Strople, Vieweg, Yadetie, Kwame Odei, Thorsen, Karlsen, Goksgyr, Sgrensen, Hansen, Puvanendran,

Nahrgang, Reproductive development in polar cod (Boreogadus saida) exposed to crude oil and food
variability.
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Session 2
Impacts and analysis of mixture toxicities

Co-chairs: Bjgrn Henrik Hansen (SINTEF), Simon Schmid (NIVA) in
place of Daniela Pampanin (UiS)

Complex mixtures of contaminants from different origins (e.g., industry, agriculture, urban) display
different toxicities alone or in combination. Substances may be mixtures themselves (e.g., crude oil) or
chemicals emitted jointly to environmental media. When present in a mixture, they can cause complex
and substantial changes in the apparent properties of individual constituents affecting bioavailability,
adsorption, distribution, excretion, metabolism and interactions with targets. While environmental
concentrations of most compounds are far below their individual effect thresholds, they may contribute to
substantial effects when in combination. Papers studying mixture toxicities, including empirical (field
based or experimental studies of whole mixtures and fraction-based) or computational (e.g., CA and IA
models) approaches are invited.

Platform Presentations

Donald, Sgrhus, Perrichon, Nakken, Brevik, da Silva, Jgrgensen, Mayer, Meier. Co-exposure of
phenanthrene with the cyp-inducing 3-methylchrysene in early life stage fish

Goksgyr, Eide, Brun, Yadetie, Zhang, Jonassen, Blaser, Hylland, Bjgrge Mdller, Lyche, Alendal, Brun,
Fallahi, Frgysa, Skaug, Porte, Gilabert, Pampanin, Monticelli, Karlsen, Complex mixture and omics
responses in Atlantic cod: a time- and dose- response study

Bjorneset, Blévin, Bjgrnstad, Dalmo, Goksgyr, Limonta, Panti, Rikardsen, Sundaram, Yadetie, Routti,
Establishment of killer whale cell cultures and their transcriptome responses to pollutant exposure

Poster Presentations
Granlund, Nahrgang, Bender, Lavarec, Sgrensen, Greenacre, Frantzen, Developmental effects of
embryonic exposure to a water-soluble fraction of crude oil on early life stages of capelin (Mallotus

villosus).

Hansen, Tarrant, Roncalli, Lenz, Tollefsen, Mechanisms by which petroleum exposure may impact cold-
water copepod populations.

Hansen, Nordtug, @verjordet, Serensen, Kvaestad, Davies, Meier, Gomes, Brooks, Farkas’ Monitoring
ocean water quality by deployment of lumpfish (Cyclopterus lumpus) eggs: In situ bioaccumulation and
embryotoxicity.

Hansen, Karlsen, Goksgyr, Yadetie, Arukwe, Nepstad, Nordtug, Farkas, Meier, Sgrhus, Musialak,
Kjarsvik, Serensen, Toxicological characterization of produced water compounds.
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Session 3
Fate and effects of particles on organisms

Co-chairs: Dorte Herzke (NILU), Bettie Cormier (NTNU) in place of
Martin Wagner (NTNU)

For this session, we invite presentations on recent research related to the sources, fate and impacts of
natural, anthropogenic or synthetic particles, including suspended solids, mine tailings, engineered
nanomaterials and nano- and microplastics. Contributions regarding three lines of research on particle
impacts are invited:

e research on the environmental levels, new analytical approaches and modelling of particle
fate and dispersion from the area of environmental chemistry, including associated chemicals,

e research into the effects of these particles and associated chemicals on biota, especially when
this work focusses on improving our understanding of mechanisms and ecological
consequences, and

e« Broader contributions on the ecological and societal impacts and responses to particle
pollution focusing on promoting solutions.

Realizing that most of the recent research is done on plastic particles, we also invite contributions on other
particulate matter to foster an exchange of knowledge and learnings from multiple fields.

Platform Presentations
Benjaminsen, Bourgeon, Herzke, Collard, Ask, Gabrielsen, Frequency of occurrence of plastic in six
seabird species presenting different feeding ecology sampled in Norway and Svalbard.

Kuehr, Raths, Sinnet, Kipf, Moore, Rehkamper, Sperling, Jensen, Booth, Kaegi, Georgantzopoulou,
Impact of Wastewater Treatment Process on the Bioavailability of Nanomaterials and their Metals to
benthic Amphipods by dosing isotopically enriched Nanoparticles into a Pilot Wastewater Treatment Plant.

Maaseide, Dehnhard, Jaspers, Monclas, Exploring the microplastic exposure in faecal samples of
European shags (Gulosus aristotelis) in central Norway.

Cormier, Cachot, Le Bihanic, Morin, Bégout, Cousin, Environmental microplastics reduce growth and
reproduction success in chronic exposure in D. rerio and O. melastigma.

Hagg, Herzke, Nikiforov, Creese, Booth, Sgrensen, Bourgeon’ Halsband, Ingestion of Crumb Rubber and
Uptake of Associated Contaminants in the Marine Lumpfish (Cyclopterus lumpus).

Michelangeli, Sgrensen, Booth, Gomes, Immunotoxicity of plastic leachates on Mytilus edulis haemocytes
Varshney, Olsvik, Polystyrene nanoplastics enhance the toxicological effects of DDE in zebrafish larvae.

Skogsberg, Lind, Sarlie Heier, Hagelia, Teien, Meland, Morphology of tunnelling particles was not affected
by geochemical occurrence, although were more elongated and fibrous than natural eroded particles.

Nordam, Dissanayake, Kotzakoulakis, Nepstad, Kristiansen, Booth, Modelling the fate of nanoparticles in
the marine environment.

Zolich, Faltynkova, Wagner, Johnsen, Johansen, Development of an Autonomous Microplastics Sampler
for repeatable and scalable microplastics sampling in surface waters.
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Poster Presentations

Farkas, Nordtug, Svendheim, Olsvik, D Amico, Davies, Ciesielski, Jenssen, Kristensen, Hansen, Effects
of mine tailing particles on early life stages of cod

Hallanger, Ask, Fuglei, Occurrence of ingested human litter in winter arctic foxes (Vulpes lagopus) from
Svalbard, Norway.

Haeggernes, Gomiero, Haave, Microplastic distribution in naturally exposed fish from a plastic polluted
coastal ecosystem- An investigation of the bioaccumulation and biomagnification potential of
microplastic.

Lefebvre, Cormier, Booth, Wagner, From plastic items to small microplastics and nanoplastics: An
environmentally relevant study of plastics degradation.

Carlsen, Hylland, Gomes, LSgrensen, Booth, Eiler, Plastic leachates as drivers for bacterial community
structure and functioning including antibiotic resistance.

Monclus, McCann Smith, Ciesielski, Wagner, Jaspers, Toxicity of small and large microplastics in a bird
model.

Smebakk Nilsen, De La Puente, Asimakopoulos, Gonzalez, Jaspers, Monclus, Plastic associated
chemicals in an endangered raptor species Cinereous vulture (Aegypius Monachus) in Spain.

Olsen, Gomiero, Mjgs, Haave, Change in microplastic concentrations on the seabed after treatment of
sewage discharges.

Olthof, Hundstad, Volker, Salaverria-Zabalegui, Booth, Wagner. The effect of shape and polymer type on
the toxicity of microplastics in Daphnia magna.

Piarulli, Hansen, Serensen, Creese, Booth, Gomes, Farkas, Ecotoxicological effects of chemical
leachates from rubber microparticles derived from common consumer products on early life stages of
Atlantic cod (Gadus morhua).

Rorellien, Jensen, Carlsen, Eiler, Johansen, Hylland, Accumulation and effects of microplastics in a
sediment community.

Stevens, Skaland, Bartosova, Volker, Wagner, Endocrine toxicity and chemical composition of plastic
products.

Svendheim, Farkas, Ciesielski, Hansen, Kristensen, Altin, Olsvik, Effects of short-term exposure to mine
tailings on Calanus finmarchicus CV.
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Session 4

Mechanistically-informed hazard and risk
assessment for a sound and sustainable
management of the aquatic environment

Co-chairs: Knut Erik Tollefsen (NIVA), Julia Farkas (SINTEF) in place of
Odd Andre Karlsen (UiB)

The aquatic environment has evolved as a result of human activities over the past several decades. Today,
the aquatic environment contains a complex mixture of different natural and man-made chemicals and
non-chemical stressors. Consequently, aquatic organisms are exposed to a wide range of stressors that
have the potential to cause adverse effects on individuals, populations, species, and communities through
changes in traits such as growth, reproduction, and survival. Billions of people worldwide depend on
services from freshwater, marine and coastal biodiversity for their livelihoods, and maintaining healthy and
productive ecosystems is therefore essential for achieving a sustainable development. Environmental
monitoring programmes are commonly applied to monitor chemical and non-chemical stressors. However,
these programs have proven insufficient as the direct causal relationship between the stressor and
adverse outcomes are seldomly characterized due to limitations in analytical approaches, focus on limited
number of stressors, and lack of toxicity information for single stressors and how they interact to cause
combined toxicity. This supports the need for applying and developing alternative approaches that can be
integrated into future monitoring programmes and environmental risk assessment for ensuring sustainable
management of the aquatic environment. This session welcomes presentations on toxicological
approaches concerning integrated chemical and biological effects monitoring, hazard and risk
characterization, AOP-development, omics and mechanism-based toxicology, modelling approaches and
more.

Platform Presentations

Tollefsen, The Source To Outcome Pathway (STOP) — approaching Next Generation Risk Assessment
(NGRA)

Lund, Yadetie, Karlsen, Routti, Spyropoulos, Goksgyr, Using fin whale fibroblasts in toxicological studies
Hylland, Kristiansen, Aasbg, Species differences: does it matter?

Rozario, Khan, Zhang, Goksgyr, Arukwe, Neuro-transcriptomics and functional characterization of
biological processes in Atlantic cod (Gadus morhua) after exposure to PAHs and PFASs

McPartland, Volker, Wagner, Novel mechanisms of action for receptor mediated toxicity caused by
chemicals in plastic food packaging.

Poster Presentations

Piarulli, Veylit, Farkas, Aas, Hakvag, Environmental DNA as a tool for marine biodiversity monitoring in a
global change context: The ABOVe-DNA project.
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Ruus, Xie, Wolf, Petersen, Faergestad, Heimstad, Harju, Tollefsen, Characterisation and evaluation of the
environmental risk of stormwater emissions from Oslo, Norway.

Teien, Xie, Wolf, Jarosz, Skipperud, Tollefsen, Characterization and evaluation of cumulative risk of
metals rural emission to Kaldvellfjorden, Norway.

Petersen, Xie, Wolf, , Ruus, Feergestad, Tollefsen Characterisation and evaluation of cumulative risk of
pollutants to marine organisms in Sgrfjorden, Norway.

Tollefsen, Caldwell, Edhlund, Evenset, Gomes, Hansen, Harlaug Refseth, Hultman, Jarvis, Kapralov,
Langlois, Nepstad, Song, Sarensen, Vagg, Van Den Hurk, Xie, Eslava Martins, In silico and experimental
screening platform for characterizing environmental impact of industrial development in the Arctic — an
overview of the project EXPECT.
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Session 5
Impact of climate change on contaminant
transport, fate and food web accumulation

Co-chairs: Amanda Poste (NIVA/UIT), Sophie Bourgeon (UiT)

Climate change is leading to increased temperatures; changing wind and precipitation patterns; loss of
sea ice, glaciers and permafrost; and shifts in species distributions, ecosystem productivity, growth rates
and food web structure; all of which in turn will have a broad range of direct and indirect impacts on
contaminant cycling in the environment. Understanding these complex linkages is critical for predicting
how climate change is likely to affect contaminant concentrations in the environment and in food webs, as
well as potential implications for ecosystem and human health. In this session we aim to bring together a
diverse group of researchers studying current and potential future climate change impacts on the
transport, fate and food web accumulation of contaminants. We welcome observational, experimental and
modelling studies focusing on effects of climate change on: 1) (re-)mobilization and transport of
contaminants in the environment, 2) contaminant transformation and fate, 3) bioavailability and uptake at
the base of the food web, and 4) food web structure, bioenergetics, and trophic transfer of contaminants.

Platform Presentations
Borga, McKinney, Routti, Fernie, Giebichenstein, Hallanger, Muir, The influence of global climate change
on pollutant accumulation and toxicity in Arctic food webs.

Eulaers, Blévin, Bech, Bustamante, Bustnes, Chastel, Descamps, Fort, Herzke, Krogseth, Moe,
Neumann, Sagerup, Stople, Varpe, Gabrielsen, Avian sentinels of the impact of Atlantification on the
contaminant state of Kongsfjorden: strengths and pitfalls of a data analytical toolbox.

Gai, Fuglei, Hansen, Pedersen, Madsen, Routti, Temporal trends of PFAS in relation to climate-related
variations in feeding habits and food availability in Svalbard, 1997-2021.

Xie, Macken, Johnsen, Norli, Segtnan Skogan, Tollefsen, Ultraviolet radiation modulates ocean
acidification responses in the marine diatom Skeletonema pseudocostatum.

Sait, Lona, Gonzalez, Ciesielski, Jenssen, Asimakopoulos, Occurrence of per- and polyfluoroalkyl
substances (PFAS) in Norwegian grey seals.

Poster Presentations

Giebichenstein, Warner, Varpe, Andersen, Gabrielsen, Borga, Chlorinated paraffins in polar cod and
capelin from the Barents Sea.

Klasmeier, Bouchard, Berge’ Feeding ecology of larval polar cod (Boreogadus saida) in the Greenland
Sea Apasiri.

Krogseth, Routti, Eulaers, Breivik, Aars, Eckhardt, Wania, Development, evaluation, and application of a
mechanistic bioaccumulation model for organic contaminants in Svalbard polar bears.

Skogeng, Eulaers, Blévin, Sagerup, Bustnes, Gabrielsen, Eckhardt, Wania, Breivik, Krogseth, Modelling
the influence of climate change on contaminant exposure in three key seabird species in the European
Arctic.
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Session 6
Impacts of contaminants over lifetime and
generations

Co-chairs: Pal Olsvik (NORD), Jasmine Nahrgang (UiT)

Many classes of contaminants including heavy metals, legacy persistent organic pollutants and
contaminants of emerging concern have the capacity to lead to long-term impacts on species and possibly
also to multi- and transgenerational impacts through a range of toxicity pathways. Environmental
contaminants can further affect genetic diversity and contribute to population level effects. We invite
presentations on recent research related to the long-term impact of contaminants to organisms and
populations, over a lifetime and/or multiple generations. We welcome studies investigating effects at
different levels of biological organization from mechanistic studies including epigenetic inheritance, to
studies focusing on physiological and individual level impacts on fitness traits and population level studies
using for instance modelling approaches or empirical data.

Platform Presentations

Schmid, Song, Tollefsen, Can age and synchronization affect Daphnia magna ecotoxicity testing of
substances interfering with endocrine processes?

Rodriguez-Satizabal, Dupont, Grdan, Schmelzer, Vigliano Relva, Gomes, Lillicrap, Macken, Assessing
the chronic effects of emamectin benzoate and teflubenzuron on the embryonic development of Amphiura
filiformis

Farkas, Piarulli, Nordtug, Olsvik, Sonne, Leifson, Hansen, Toxicity of gadolinium on early life stages of
Atlantic cod (Gadus morhua)

Erhart, Nahrgang, Frantzen, Hansen, Hansen, Meador, Puvanendran, Sarensen, Yadetie, Effects of
parental exposure to a crude oil water-soluble fraction on the fertilization success and embryo
development in Atlantic cod (Gadus morhua)

Hurem, Maremonti, Brede, Kashparova, Kashparov, Levchuk, Brit Salbu, Lyche, Teien, Blood
biochemistry, histology, and metabolomics in Chernobyl Northern Pike (Esox Lucius)

Fraylang, Zhang, Ask, Arzel, Asimakopoulos, Jaspers, PFASs concentrations over the laying sequence
in eggs of the common eider (Somateria mollissima) from the Baltic Sea in relation to sex steroid hormones

Poster Presentations

Lemesle, Ask, Ciesielski, Asimakopoulos, Arzel, Jaspers, From mother to egg: Variability in maternal
transfer of trace elements in Common Eider.

O’Rourke, Engelmann, Altenburger, Rolle-Kampczyk, Grintzalis, Chronic exposure to pharmaceuticals
reveals metabolic and physiological responses in Daphnia magna.
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Frequency of occurrence of plastic in six seabird species presenting

different feeding ecology sampled in Norway and Svalbard

Stine C. Benjaminsen'”, Sophie Bourgeon?, Dorte Herzke?, France Collard', Amalie Ask?,
Geir W. Gabrielsen!

*lead presenter

! stinebenjaminsen@outlook.com, Norwegian Polar Institute, Norway
2 UiT — The Arctic University of Norway, Norway

3 Norwegian Institute for Air Research (NILU), Norway

4 University of Turku, Finland

Marine wildlife is facing multiple stressors caused by anthropogenic activity and the
increasing plastic pollution is added on top. Seabirds are top predators and intrinsic to marine
ecosystems, but most seabird populations are declining. In recent years, plastic ingestion by
seabirds has been of increasing concern because of the potential negative impacts at
individual and population levels although data remain scarce. There is an urgent need for
more information on plastic pollution in seabirds to enable risk assessment and monitoring, as
the exposure and ingestion rate are expected to increase continuously.

This study aimed to document the plastic occurrence of particles larger than 1 mm in stomach
samples of seabird species that present various feeding ecologies. We investigated glaucous
gulls (Larus hyperboreus) breeding on Svalbard and Atlantic puffins (Fratercula arctica),
common guillemots (Uria aalge), razorbills (Alca torda), great cormorants (Phalacrocorax
carbo), and European shags (Phalacrocorax aristotelis) breeding on the coast of mainland
Norway.

We documented plastic ingestion for the first time in glaucous gulls, with a frequency of
occurrence of 14.3% (n = 21). We found that Atlantic puffins had a high frequency of
occurrence (FO) of plastic in their stomachs (58.8%, n = 17) and that the common guillemots
had a low FO (10.5%, n = 38). No plastic was detected in the stomachs of razorbills, great
cormorants, and European shags. The study provided valuable new quantitative and
qualitative standardized data on plastic that will serve as a reference point for future research
and monitoring of seabirds on a national and international level.



Combined effect of predation stress and copper exposure on survival in five
species of coastal copepods

Brochmann S.!, Heuschele J.!, Lode T.!, Titelman J.!, Jager T.?2, Borgd K.!

*lead presenter, e-mail: solvebro@student.ibv.uio.no,
"Department of Biosciences, University of Oslo, Norway
’DEBtox Research

Most toxicity studies are performed in controlled laboratory settings with a single contaminant,
not accounting for interactions between the pollutant and co-occurring natural stressors like
predation. Since interactive effects can range from antagonistic to synergistic, multiple stressor
studies can give a more realistic understanding of the effect of anthropogenic stressors on real
populations. Copper pollution is an increasing challenge along the Norwegian coast due to its
use as an antifouling agent in aquaculture. It is well established that excess copper is toxic to
aquatic organisms. In the copepod 7. brevicornis, interactions between copper toxicity and a
perceived predation risk ranged from antagonistic to synergistic in different sub-lethal
endpoints. In this study, we investigate whether there are interaction effects between copper
and predation risk exposure on survival in five different species of copepods - Acartia clausi,
Temora longicornis, Pseudocalanus sp., Triconia sp. and Tisbe sp..

We monitored individual survival during 48 hours of exposure to copper (0, 150, 450 and 1350
pg/L), predation risk and a combination. We simulated predation risk using chemical cues from
three-spined stickleback. Using an automated imaging robot throughout the experiments
allowed us to estimate time of death with a time resolution of 25 minutes. The data was analysed
using the reduced General Unified Threshold model for Survival (GUTS).

At the lowest copper concentrations an antagonistic effect was seen in most species, possibly
due to increased organic content in the predation risk water reducing the bioavailability of
copper. At the two highest copper concentrations, survival was very similar with and without
the added predation risk. Exposure to predation risk alone had no effect on survival compared
to control in any of the species. Sensitivity to copper alone varied between the five species.
Acartia clausi and Pseudocalanus sp. were the most sensitive regarding survival across all
treatments after 48h (mean survival 2.8% in both). Tisbe sp. was the most robust (mean survival
33.9%).
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Killer whale (Orcinus orca) is one of the most polluted species on Earth. Yet, knowledge on
the effects of persistent organic pollutants (POPs) is limited due to ethical, legal, and practical
challenges of conducting toxicological research on free-ranging marine mammals. The use of
in vitro models is a functional tool which may provide information on cellular responses to
POP exposure in marine mammals. We collected skin biopsies of killer whales from the
Northern Norwegian fjords and successfully established primary fibroblast-like cell cultures
from the dermis of 11 out of 13 killer whales sampled. Cells from one individual were
exposed to three different concentrations of an ecologically relevant mixture of POPs
including the 10 most abundant POPs found in Norwegian killer whales. We performed
transcriptome analysis using RNA-seq. In addition, transcript levels of 13 selected genes were
analyzed using digital droplet PCR (ddPCR). Bioinformatic analyses on RNA-seq indicated
that in comparison to solvent control 43 and 13 genes were significantly differentially
expressed in the cells exposed to low (1.16 uM) and high (116 uM) concentrations of POPs,
respectively. Subsequent pathway and functional analyses of the differentially expressed
genes indicated that the significantly enriched pathways were mainly related to lipid
metabolism and myogenesis. Among the individual genes analyzed by ddPCR, CYPIA4 was
significantly down-regulated in the cells exposed to medium (11.6 uM) and high
concentrations, while seven genes involved in endocrine functions showed a non-significant
tendency to be upregulated at the highest exposure concentration. This study provides a
successful establishment of killer whale fibroblast-like cells and indicates altered gene
transcription following exposure to POPs at environmentally relevant concentrations.
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As it affects physical, biological, and ecological processes in the environment, global climate
change has the potential to influence the uptake and fate of persistent organic pollutants
(POPs) and contaminants of emerging Arctic concern (CEACs) in biota and food webs
through multiple mechanisms. We summarize the current understanding of how climate
change-driven physical and ecological processes influence the levels of POPs and CEACs in
biota and food webs within Arctic marine, terrestrial, and freshwater ecosystems. We also
address how climate change may interact with other stressors to impact contaminant toxicity
and the utility of modelling and newer research tools in closing knowledge gaps on climate
change-contaminant interactions.

In summary, the study reveals that climate change will impact the long-range transport of
pollutants to the Arctic and within the Arctic by altering atmospheric, environmental, and
ecological processes, and thus will influence the exposure and accumulation of POPs in
Arctic wildlife. In detail;

1) physical climate parameters, including climate oscillation indices, precipitation, water
salinity, sea ice age, and sea ice quality, show statistical associations with POPs
concentrations in multiple Arctic biota. ii) Permafrost thaw is influencing the concentrations
of POPs in freshwater ecosystems. iii) Northward range-shifting species can act as biovectors
for POPs and CEACs into Arctic marine food webs. iv) Shifts in trophic position can alter
POPs concentrations in populations of Arctic species. v) Reductions in body condition are
associated with increased levels of POPs in some biota. vi) Models are useful for predicting
the net result of various contrasting climate-driven processes on POP and CEAC exposures;
however, for some parameters, especially food web changes, insufficient data exists with
which to populate such models.

In addition to the impact of global regulations on POP levels in Arctic biota, we demonstrate
that there are various direct and indirect mechanisms by which climate change can influence
contaminant exposure, accumulation, and effects. Therefore, it is important to identify and
quantify the actual factors that contribute to the variations in POPs to better inform future
regulations and policies.
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Telomeres are specialized repeated sequences of non-coding DNA that cap the end of the
chromosomes to protect it from loss and degradation. Since telomeres shorten with each
cellular division, they are associated with the ageing process and can predict longevity in a
broad range of species. Recent studies have investigated the relationships between exposure to
environmental contaminants such as organo-halogenated contaminants (OHCs) and telomeres
in wildlife showing that telomeres represent a robust and ecologically relevant tool to assess
the effects of contaminants on health. Exposure to natural stressors such as unfavourable
environmental conditions or metabolic stress have also been shown to increase the rate of
telomere erosion, possibly through increased oxidative stress.

We investigated telomere length and oxidative stress (nine biomarkers of oxidative
damage/antioxidant capacity) in 111 samples from female polar bears (Ursus maritimus) from
Svalbard that exhibited seasonal variations in exposure to both natural (metabolic stress) and
anthropogenic stressors (legacy and emerging OHCs). Namely, females sampled in spring
showed low body condition index (BCI) and high OHC exposure compared to females
sampled in autumn that combined higher BCI and lower OHC levels. This quasi-experimental
design is therefore well suited to examine the relationships between telomere length, oxidative
stress and exposure to OHCs.

We expected 1) elevated oxidative stress levels and shorter telomere lengths in female polar
bears sampled in spring when the bears showed higher metabolic activity, lower BCI and
higher OHC levels than bears sampled in autumn; 2) shorter telomere lengths and increased
oxidative stress in females with high OHC exposure.

In accordance with our hypotheses, the results from preliminary data analyses indicate that
females sampled in the spring had shorter telomeres and lower levels of markers of
antioxidant capacity (superoxide dismutase SOD, catalase CAT) compared to females
sampled in autumn. However, markers of oxidative damage (protein carboxylation) tended to
be higher in autumn compared to spring. Moreover, OHC levels were not associated neither
with telomere lengths nor markers of oxidative stress. Only body condition and age seemed to
explain variations in telomere lengths.
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Introduction

Chemicals leaching out of plastics have been identified as substances of environmental
concern. There is also raising concern that cross-resistance to antibiotics may occur in
bacteria after exposure to plastics. The rationale behind this is that a variety of toxic
substances originating from plastic leachates may select for efflux pumps that do not only
provide resistance against leaching toxicants but also resistance against antibiotics. The
objective of this study was to explore effects of plastic leachates on bacterial communities,
and to assess whether preconditioning with plastic leachates leads to an increased adaptation
to antibiotics.

Method

Enriched gut microbiota of the marine, sediment dwelling urchin Brissopsis lyrifera were
inoculated with plastic product leachates from dishwashing gloves, followed by inoculation
with the antibiotic Ciprofloxacin, on selected concentrations of leachates. Ten leachate
concentrations were tested, ranging from 99.2 pg/L to 1.94 g/L. After preconditioning the
bacterial cultures were exposed to three ciprofloxacin concentrations ranging from 25 ng/L to
25 mg/L. The bacterial growth was measured by following optical density at 630 nm.
Bacterial community structure was assessed using 16s rRNA Illumina gene sequencing.

Results

The highest concentrations of leachates lead to decreased maximum growth rates, prolonged
lag phases, and increased alpha diversity, but no responses were observed in beta diversity.
Still, five bacterial genera showed significant responses to leachate exposure. Preconditioning
had a negative effect on maximum growth rates and prolonged lag phases of the bacterial
community under ciprofloxacin exposure. Effects of leachates were observed in alpha and
beta-diversity under ciprofloxacin exposure. Three bacterial genera were affected by leachates
and ciprofloxacin.

Conclusion

Although the preconditioning with leachates did not increase the adaption to ciprofloxacin,
the plastic leachates affected the bacterial communities enriched from marine sediment
dwelling organisms. As such plastic leachates may affect the microbiomes associated with
marine animals, with possible further alterations to the functioning of marine ecosystems.
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Plastic debris tend to accumulate in oceanic gyres, in coastal areas and on beaches.
Microplastics (MP, <5 mm), widely present in aquatic ecosystems, can be ingested by
numerous organisms, but their toxicity remains poorly understood. Toxicity of environmental
MP from two beaches located on the Guadeloupe archipelago was evaluated, Marie Galante
(MG) and Petit-Bourg (PB) located near the North Atlantic gyre. Chronic feeding exposure
was performed over 4 months, using a freshwater fish species, zebrafish (Danio rerio), and a
marine fish species, marine medaka (Oryzias melastigma). Fish were fed with regular food
supplemented with environmentally relevant concentrations (1% wet weight) of
environmental MP from either MG or PB site.

Chronic dietary exposure led to growth alterations in both species exposed to either MG or PB
MP but was more pronounced in medaka. EROD and AChE activities were only altered for
medaka. Reproductive outputs were modified following PB exposure with a 70 and 42 %
decrease for zebrafish and medaka, respectively. Offspring were reared to evaluate toxicity
following parental exposure on F1 unexposed larvae. For zebrafish offspring, it revealed
premature mortality with MG exposure and PB exposure produced behavioural disruptions
with hyperactivity of F1 unexposed larvae. The most prominent effects for both fish species
were detected with PB MPs exposure. Polymer composition was quite similar between the
two sampled sites; however, the composition of additives and adsorbed chemicals was
different and might explain the greater toxicity of PB.

This study raises the question of the environmental risk of MP weathered at sea, both on MP
direct-exposed aquatic organisms but also on the unexposed progeny. It also highlights the
ecotoxicological consequences of long-term exposures to environmental MP relevant to
coastal marine areas, which represent essential habitats for a wide range of aquatic organisms,
including teleost.
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Abstract: Copper is common in antifouling biocides used to prevent growth on aquaculture
net pens. Excess copper is toxic and can have adverse effects on non-target organisms such as
copepods when discharged to the environment. Copepod responses to copper range from
subtle effects on behavior to increased mortality, but populations can acclimate and adapt by
alleviating effects following multigenerational exposure.

Natural stressors can alter organisms’ responses to contaminants. In copepods, a trade-off
might exist between positive effects of the carotenoid pigment astaxanthin, a potent
antioxidant, and increased risk by visual predation due to its conspicuous red coloration.
Increased generation of reactive oxygen species is an important mechanism of copper toxicity
in exposed organisms. Thus, predation risk exposure can affect populations’ responses to
copper depending on previous exposure to either stressor.

We investigated if historic copper exposure in the pelagic copepod Temora longicornis affects
their survival when exposed to copper and predation risk, and if this response is related to
astaxanthin content. Copepods were sampled from 6 stations in Boknafjorden, Stavanger,
April 2021, along a gradient of aquaculture intensity. We exposed individual 7. longicornis in
a 2*2 factorial design to copper (150 pg L") and predation risk (fish chemical cues) for 72 h,
and monitored survival and final astaxanthin content per individual.

Copper exposure increased mortality as expected, but we found no interaction with predation
risk exposure. An additive effect reduced mortality in the combined treatment in comparison
to copper, as predation risk exposed individuals had higher survival than controls. We found
no effects of either stressor on pigment content, nor any effects of historic copper exposure on
copper or predation risk sensitivity. However, copepods from one station with high current
aquaculture activity had elevated background mortality rate. We also observed elevated
mortality in Calanus finmarchicus from this station.

In conclusion, we find no evidence of alleviating effects from historic copper exposure in 7.
longicornis, but the overall high mortalities observed at one of the most intensely farmed
locations warrants further investigations on zooplankton dynamics in relation to aquaculture
activity.
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PAHs (polycyclic aromatic hydrocarbons) have frequently been suspected to be the dominant
toxicants in crude oil. The suite of toxic endpoints from individual PAH exposures resembles
that from whole oil exposure, yet much higher concentrations are needed to recreate the
toxicity. Mixture effects are therefore expected. One hypothesis is that some components alter
the metabolism of other, which leads to the formation of bioactivated metabolites that would
not form from exposure to a single PAH.

In this work, we exposed early life stage haddock to treatments with phenanthrene (PHE), a
cypla-inducing compound 3-methylchrysene (3-MC), a combination of both (Combo), as
well as a Control. Exposures (passive dosing) began at 2 days post fertilization and lasted for
3 days. Responses in early life stage fish were measured in a time-course study of uptake and
metabolism, with multiple toxic endpoints measured after 3 days post-hatching.

Phenanthrene concentrations in the exposed treatments were measured at 180 pg/L, which is
close to the solubility limit. Concentrations of 3-methylchrysene were much lower due to its
low solubility, at approximately 0.6 pg/L. Body burden results reveal that phenanthrene
bioaccumulated more in the absence of 3-MC. Toxicity (significant presence of
malformations compared to controls) was observed in PHE and Combo, but not in the 3-MC
treatment. The toxicity observed in PHE included reduced eye size, jaw length and ventricle
size, and higher prevalence of eye and body axis deformities. However, in the Combo
treatment, three additional toxic endpoints were significant: shorter eye-nose distance and
larval length, and greater incidence of craniofacial deformities. Expression of cypla was
elevated only in the two treatments that included 3-methylchrysene: 3-MC and Combo.
Phenanthrene metabolites were present in both PHE and Combo, although the levels were
generally higher in Combo. Taken together, the results suggest that phenanthrene is
metabolized more when co-exposed with the cyp-inducing compound. This results in lower
apparent bioaccumulation, higher levels of metabolites, yet higher toxicity. This work models
a binary mixture effect to help determine what role PAHs have in the toxicity of a crude oil
complex mixture.
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Assessing the impact and risk of acute accidental oil spills to fish populations over time and
generations requires a complete understanding of the sensitivities of all critical life stages in
the population. While early life stages of fish are known to be highly sensitive to direct
petroleum exposure, multigenerational studies where early life stages are exposed during
gametogenesis in the parents, has been little investigated. Emerging knowledge however
suggests significant effects of petroleum to second generations and beyond.

The goal of the present study was to assess the effect of parental exposure to a crude oil
water-soluble fraction (WSF) on the fertilization success and embryo development in Atlantic
cod (Gadus morhua). The exposure (initial sum 44PAHs of 97ug/L) during late
gametogenesis led to a significant advancement in gonadal development in exposed adults.
Moreover, we discovered a higher percentage of immobile sperm cells from exposed males.
Stripped-spawned eggs were in vitro fertilized with pools of sperms in a factorial design
(between control and exposed treatments). The fertilization success of eggs from exposed
females was reduced and the proportion of abnormally developed embryos was significantly
increased compared to controls. Furthermore, the eggs and hatched larvae originating from
exposed females were significantly smaller in diameter and shorter in length, respectively. A
preliminary analysis of transcriptome data from embryo samples at the onset of mRNA
transcription, showed a clear down regulation of genes involved in early embryonal
development in the fertilized eggs from exposed females. Finally, chemical analysis of
embryos showed the maternal transfer of low molecular weight PAHs and other unresolved
mono-, di- and tri-aromatic compounds in eggs. Our data highlight that early life stages of fish
are significantly affected by their exposed parents to WSF crude oil. The mechanisms of
toxicity involved and concentration thresholds leading to these effects will be important to be
investigated further.
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Due to its oceanographic and atmospheric conditions Kongsfjorden, Svalbard is a valuable
harbinger for the potential impact of ongoing Atlantification on the contaminant state of high
Arctic marine ecosystems. We employ two seabird species with different ecological niches,
1.e. the crustacean- and fish-eating black-legged kittiwake (Rissa tridactyla) and omnivorous
scavenging glaucous gull (Larus hyperboreus), as sentinels for climate forcing on the
contaminant state of Kongsfjorden’s epipelagic compartment.

Long-term (2008-2020) data on polychlorinated biphenyl and organochlorine pesticide blood
concentrations are accompanied with dietary data from regurgitate and stable carbon and
nitrogen isotope analysis. We use a toolbox of univariate time-trend (linear and non-linear
additive modeling) and multivariate analysis (factor and cluster analysis) to aid quantification
of direct or indirect impacts of Atlantification, driven by oceanographic (sea ice extent and
concentration, sea surface temperature) and atmospheric variability (Arctic and North Atlantic
Oscillation, air temperature and precipitation) with varying temporal lags.

As this presentation will share preliminary results it will more so focus on the apparent
strengths and pitfalls of our statistical workflow. We will present our multivariate workflow
to focus the study on a subset of compounds, representative of the larger dataset, and to
identify plausible environmental forcing variables to aid a priori decisions on model topology
within an Information Criterion-based model selection procedure. In addition, we present our
approach to combine univariate and multivariate method output to better specify the definition
of Atlantification in terms of environmental and dietary ecological states, and their gradual or
abrupt temporal progression and transition. We will also present on data censoring challenges
that come with time series and show how different approaches affect the choice of univariate
model (linear versus additive) and the evaluation of its fit depends.

Altogether, as the complex yet pressing issue of climate forcing on contaminants in the Arctic
receives increasing attention, our presentation aims to spark transparent dialogue to
collectively increase the reliability and capacity of our data analytical workflows and perhaps
to even consider standardize or harmonizing them.
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The lanthanoid element gadolinium (Gd) is one of the rare earth elements (REY). It is
commonly used as contrast agent in magnetic resonance imaging. As Gd has slightly toxic
properties in patients, Gd-based contract agents (GBCAs) are administered in form of Gd-
chelate complexes. Due to their rapid and unmetabolized excretion and limited retention in
wastewater treatment plants, GBCAs are released into the aquatic environment. Here we
compared the effects of different Gd compounds on early life stages of Atlantic cod (Gadus
morhua), namely inorganic Gd as GdCls, and the contrast agent gadoterate (Gd-meglumin)
obtained as pharmaceutical injection solution (Gd Sol) and as off-the shelf chemical powder
(Gd Meg). Nominal exposure concentrations reached from 3 to 3000 ug L', Our results show
that, while GBCAs were soluble at all tested concentrations, GdCls solubility was limited in
seawater, with average dissolved Gd concentrations reaching only 122+48 ug L even at the
two highest exposure concentrations. GdCIs was taken up more efficiently in both eggs and
larvae. It was further the most toxic of the tested Gd forms, significantly reducing larvae
viability and body area, and causing deformations at exposure concentrations >100 ug L. Gd
Sol did not cause significant adverse effects, likely due to effective protective effects from the
chelating agent. In contrast, Gd Meg caused similar effects as GdCls, i.e. a deformation
phenotype with craniofacial deformities, lordosis and reduced head pigmentation, at the highest
exposure concentration (3000 pug L'). GdCl3 and Gd Meg further caused behavioural
abnormalities and swimming impairment. Analyses revealed that Gd Meg contained a fraction
of free, unchelated Gd, which, at the highest exposure equalled Gd in GdCls. This shows that
free Gd is responsible for the observed toxicological impacts and highlights the needs to study
the long-term stability of GBCA-complexes in the marine environment.
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Mining and processing of minerals produce large quantities of tailings, which mostly consist
of inorganic/mineral particles and, depending on the mined ore and applied processing
technique, also processing chemicals and metal residuals. Disposal of mine tailings in the sea
thus introduces a vast number of particles into the marine environment. In this study we
investigated the effects of tailings from a calcium carbonate (CaCOs3) processing plant on
early live stages of Atlantic cod (Gadus morhua). Endpoints included the attachment of
tailings to the fish eggs, effects on the egg buoyancy and exposure time until buoyancy loss,
as well as impacts on hatching, mortality and embryonal development. We further
investigated how the presence of floatation and flocculation chemicals alter the attachment of
mineral particles to the eggs,

Results show that tailings adhered to cod eggs, causing negative buoyancy (sinking of eggs)
in exposures of >10 mg/L. At 10 mg/L, an environmentally relevant concentration at tailings
release sites, exposed eggs started to lose buoyancy at approximately 4-8 h of contact time.
Exposure to tailings induced early hatching, and caused significantly reduced survival and
malformation in embryos exposed to >1 mg/L. While the exposure to inorganic particles had
similar impacts as mine tailings, the presence of production chemicals (floatation and
flocculation chemicals) slightly increased the observed effects.

This study focused on mine tailings containing processing chemicals, however, our results
show similar effects of pure mineral particles, making the current findings also relevant for
other anthropogenic activities that increase the number of fine particles in the water column
like dredging and submarine construction. Furthermore, changing climatic conditions can
increase terrigenous runoff and thus suspended particle loads in receiving environments such
as fjords.
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The population of the common eider (Somateria mollissima) in the Baltic Sea has
significantly declined over the last decades and the sex ratio in the same population is
showing an increasing bias toward males. Different hypotheses have been explored for these
trends and the effect of pollutants is further investigated through the project DISRUPT led by
Céline Arzel (University of Turku). We collected paired blood samples from ten female eiders
and their complete clutch at Bengtskér (59.7235° N, 22.4992° E), a Finnish island in the
Baltic Sea. The blood plasma (n = 26) and eggs (n = 44) have been analyzed for 41 PFASs
using UPLC-MS/MS at the EnviroChemistry Lab at the Department of Chemistry (NTNU).
The eggs were in addition analyzed for 18 steroid hormones. The objectives were to
investigate (a) the PFASs concentrations in the females and the contaminant transfer to the
eggs, (b) the concentrations in the eggs over the laying sequence, and (c) if the PFASs
concentrations are associated to the sex steroid hormone concentrations in the eggs. We have
detected specific PFASs in > 60% of the plasma sample, namely perfluorodecanoic acid
(PFDA) (< LOD - 1.06 ng/g), perfluoropentane sulfonic acid (PFPeS) (< LOD — 0.58 ng/g),
perfluorohexane sulfonic acid (PFHxS) (0.58 — 3.25 ng/g), perfluorooctane sulfonic acid
(PFOS) (1.05 — 5.97 ng/g) and perfluorodedecane sulfonic acid (PFDoDS) (< LOD — 5.76
ng/g). In the egg samples, the contaminants with detection rate > 60% were:
perfluorononanoic acid (PFNA) (< LOD - 10.03 ng/g), perfluorotridecanoic acid (PFTriDA)
(< LOD - 7.95 ng/g), PFHxS (< LOD — 3.06 ng/g), PFOS (4.36 — 28.93 ng/g) and PFDoDS
(11.59 — 65.67 ng/g). All remaining PFASs compounds were only detected in few samples.
From the target steroid hormones, we detected androstenedione, testosterone, pregnenolone
and progesterone in the egg samples. The results so far show a transfer of PFASs from the
female eider to the eggs. The statistical analysis is still ongoing, and the results will be
presented at the conference.
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We analyzed the concentrations of per- and polyfluoroalkyl substances (PFAS) in Arctic
foxes (Vulpes lagopus) from Svalbard, Norway, during the period 2014-2021. We also
combined the results with previously published data for the period 1997-2013, in order to
investigate changes in PFAS concentrations over time in relation to climate-associated
variations in feeding habits and food availability.

PFOS had the greatest contribution to Y PFAS, although it was listed in Annex B of the
Stockholm Convention in 2009. PFSAs, apart from PFOS, were detected in lower
concentrations than PFCAs, in agreement with previous studies. PFOS precursors were below
the limit of detection (LOD), indicating that they were probably biotransformed to PFOS in
the Arctic food web. Short-chained PFSAs (C, < 6) and PFCAs (C, < 8) were usually below
LOD. Generally, PFAS showed decreasing, although non-linear trends over time.

Overall, PFAS concentrations increased with higher trophic level and greater access to marine
prey. They also tended to increase, although non-significantly, with access to sea ice, and
decrease with availability of reindeer carcasses and geese as prey. The concentrations adjusted
for the variation in feeding habits and food availability showed similar patterns over time as
the measured concentrations. This indicates that, in Arctic foxes from Svalbard, the climate-
related variation in feeding habits and food availability has a minor influence on temporal
trends of PFAS, and that emissions are still the most important drivers of PFAS trends.
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Chlorinated paraffins (CPs) are currently under intense regulatory scrutiny due to their high
industrial production volume and distribution in the environment and are identified as
contaminants of emerging Arctic concern. As of 2017, short-chain chlorinated paraffins
(SCCPs) have been added under the Stockholm Convention to restrict their global production
and use due to their long-range transport (LRT) potential, bioaccumulative and toxic properties.
Still, we lack understanding about the bioaccumulation of CPs in marine food webs, and few
data exist from the Arctic.

Here, we analyzed short-chain and medium chain chlorinated paraffins (SCCPs: Cio-Ci3 and
MCCPs: Ci4-Cy7, respectively) in two key Barents Sea fish species, polar cod, and capelin in
March and May 2021. Although different in their ecology and physiology, both fish species can
occupy overlapping dietary niches and present an important link in the Arctic marine food web
between lower and higher trophic levels. With rising temperatures and diminishing Arctic Sea
ice capelin is one of the sub-Arctic species that expands their distribution further north now,
and some Arctic predators have been observed to shift their diet from a more Arctic diet,
including polar cod, to capelin. These changing distributions and predator-prey interactions
raise questions about contaminant transfer in the food web.

Preliminary results revealed low but detectable ZCP levels in both species. Despite different
distributions and physiology, we found similar XCP between species and seasons. However, we
observed differences in CP patterns between the two fish species. The more volatile SCCPs
dominate the pattern in polar cod, indicating exposure from abiotic LRT. Whereas less volatile
MCCPs dominate in capelin, suggesting that capelin could act as biotic LRT of contaminants
like MCCPs to Arctic waters.
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Understanding responses to contaminant mixtures is a pressing challenge in environmental
toxicology. In this study, we used an omics-based strategy to investigate the response to a
mixture of ten contaminants representing both legacy organochlorines (PCB-138, PCB-153,
p,p’-DDE, trans-nonachlor), and contaminants of emerging concern (chlorpyrifos, PFOA,
PFOS, DEHP, octylphenol, and bisphenol A) in equimolar concentrations (with trans-
nonachlor and chlorpyrifos at 1/10 of the rest) at eight different doses. Juvenile Atlantic cod
(Gadus morhua) were exposed by intraperitoneal injection, and various tissues were sampled
on day 2, 5 and 12 after the start of the experiment (total n=219). RNA-seq was performed on
all liver samples from days 0, 2 and 5, whereas proteomics was performed on doses 0, 3, and
7 from day 5, and on all doses from day 12. Lipidomics was performed on liver microsomes
from doses 0, 3, and 7 from all time points, and on plasma samples from doses 0, 3, and 7
only from day 12.

RNA-seq revealed that estrogen-responsive transcripts (e.g. esr/ and v¢g3) were induced on
day 2 and 5, but only at the higher doses (6-8 on day 2, 7-8 on day 5). On the other hand,
genes involved in lipid metabolism (e.g. ptdss2, agpat4, gpat2) were altered even at the lower
doses on day 2. The down-regulation of genes involved in phospholipid metabolism
apparently corresponded with a decrease in phosphatidyl lipids seen in the liver microsomal
fraction on day 12. Proteins identified in day 12 liver samples were analyzed through the
predictive pathway analysis software Ingenuity Pathway Analysis (IPA). The top predicted
canonical pathways show a biphasic LXR/RXR pathway activation, involved in the regulation
of lipid metabolism, down-regulated in doses 1-4 and 7-8, and up-regulated in doses 5-6. A
deeper, integrative bioinformatic analysis of all the omics datasets is currently ongoing and
will be presented.

The study was a part of the dCod 1.0 project, funded by the Research Council of Norway
(project 248840) under the Centre for Digital Life Norway program (248810).
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The increase in offshore oil and gas operations, maritime shipping, and tourism in northern
latitudes, including the Barents Sea, enhance the risk of petroleum pollution and oil-related
compounds may cause negative impacts on sub-Arctic and Arctic organisms. There is a need
to investigate the potential adverse effects of petroleum to the early life stages of capelin
(Mallotus villosus), an ecologically and commercially important forage fish species that spawns
along the coast of Northern Norway.

Newly fertilized capelin embryos (6 days post-fertilization) were exposed to a water-soluble
fraction (WSF) of crude oil using oiled gravel columns loaded with either clean gravel (control)
or gravel mixed with one of five crude oil concentrations ranging between 0.19 and 6 g oil/kg
gravel (low, medium, high and extra-high groups). Embryos were exposed to decreasing
concentrations of the WSF of crude oil until hatch (25 days post-fertilization, dpf) and larvae
were followed in clean water throughout start feeding until 58 dpf. The initial aqueous total
polycyclic aromatic hydrocarbon (PAHs) levels (sum of 44 PAHs) ranged from 0.53 pg/L (low)
to 19.25 pg/L (extra high) compared to 0.072 pg/L in controls and decreased exponentially over
time. Embryos exposed for four days had accumulated PAHs in their tissues in a dose-
dependent manner with sum of 44 PAHs ranging from 0.24+0.08 ng/egg (low) to 10.58+0.89
ng/egg (extra-high) compared to 0.05+0.01 ng/egg in controls.

None of the measured endpoints, including embryo development and mortality, larval length,
growth rate, cardiac activity and arrhythmia, and larval mortality showed any dose-dependent
effects. Given the bioaccumulated PAH levels in the eggs, the lack of significant alterations in
both embryos and larvae suggested that the early life stages of capelin are more robust to crude
oil exposure than similar life stages of other fish species. Other hypotheses may include that
the accumulated contaminant fraction was not bioavailable (e.g., located in the double-layered
chorion), or that exposure occurred outside sensitive developmental stages (e.g. larval stages).
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There are vast amounts of munition, both conventional and chemical weapons, dumped in the
oceans. At least 750 000 to 1.5 million tons of munition are estimated to be dumped along the
German North Sea coast and 200 000 tons in Norwegian coastal waters, but the actual
numbers are much higher due to the lack of data. The environmental spread, bioaccumulation
and consumption risk are largely overlooked in environmental monitoring and research. The
munition dumped in saline water has been exposed to weathering for nearly a century, and
leakage of munition constituents into the environment are identified.

A FFI study of explosives in biota caught in munition dumping grounds shows that biota are
contaminated with explosives, primarily with TNT-related compounds. The explosives were
mainly detected in other organs than the muscle, which might be due to the rapid half-life of
TNT (< 1h) in different fish species. The highest concentration of explosives in the biota was
observed for nitroglycerin (20 mg/kg wet weight) in the northern stone crab (Lithodes maja)
mustard caught in the @ygarden dumping ground. Despite the findings, the concentration of
explosives in biota demonstrates a low health risk when consuming fish and shellfish caught
in munition dumping grounds. Both a study on the potential biological effects of chemical
warfare agents from scuttled wrecks on hagfish and one on the uptake and effects of TNT in
juvenile Atlantic salmon (Salmo salar) found small indications of biological effects as a
consequence of exposure to munition constituents. These findings warrant further research to
elucidate the potential toxicological effects of the dumped munition on marine biota.

FFI recommends establishing prohibition zones for fishing in and around dumping grounds
for munition, mainly related to the human safety risk associated with explosives and chemical
warfare agents. Toxicological threshold values should be established for chemical warfare
agent compounds in fish and shellfish. Additionally, a national monitoring program including
the development of both sample procedures and analytical methods to increase the quality of
chemical analyses are encouraged.
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In the Arctic marine ecosystems, Calanus glacialis is an important grazer and a key link
between primary producers and higher trophic levels due to its size and high lipid content.
Arctic marine ecosystems are under pressure from multiple stressors, particularly climate
change, ocean acidification (OA), and pollution such as polycyclic aromatic hydrocarbons
(PAHs) emitted from shipping and oil exploitations. We know little about how these stressors
combined may affect C. glacialis. Recent advancements show that phenotypic plasticity
allows for adaptation to changes in the environment, and this can occur across generations
when conditions experienced by previous generations influence the traits of their offspring.
However, C. glacialis is highly specialized to Arctic conditions, which may limit their
transgenerational plasticity to single and multiple stressors, but this novel hypothesis has not
been tested.

In this study, we investigated whether maternal exposures to warming (1 and 5°C), OA (pH
8.05 and 7.55) and pyrene (0 and 200 nM) affect offspring survival and development. In the
maternal generation, egg production, fecal pellet production and survival was measured. Eggs
from the stressor-exposed females were collected and incubated in a clean environment at in
situ control temperature and pH. Females exposed to both reduced pH and pyrene showed a
higher cumulative egg production at one degree, but lower at five degrees, compared to the
control. At both temperatures these females also exhibited reduced grazing and survival.
Hatching success appeared to be greater for all treatments at one degree, compared to all those
at five degrees. To what extent the traits of the offspring was affected by the environmental
exposure of their mothers is not possible to infer due to parasites appearing in nauplii across
all treatments.
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The aim of this study is to assess the occurrence of human litter ingested by arctic foxes
(Vulpes lagopus) caught in Svalbard, Norway, in winter when scavenging is at its highest.
Twenty arctic fox stomachs and intestines were examined for human litter and plastic using
the protocol from the Oslo-Paris Convention (OSPAR) for monitoring plastic ingestion by the
northern fulmar (Fulmarus glacialis) (human litter and plastic > 1 mm).

The arctic foxes had ingested human litter at a low frequency (15%, 3 out of 20 foxes). One
had 7 pieces of 3 mm thick cotton rope in the stomach (0.7 g, female, age 1 year), the second
had one small, 1 by 1 cm, piece of wool (0.006 g, only stomach, male, age 1 year), and the
last had ingested parts of a Belarusian cream carton (both stomach (19 pieces, 0.7 g) and
intestine (6 pieces, 0.03 g), female, age 1 year). The carton was labelled with #84 C/PAP
(Figure 2), which is made of paper/cardboard, plastic and aluminium sandwiched together.
None of the plastic from the carton had fragmented off into the stomach and intestine.

Despite the low sample size, we do not regard ingestion of human litter as an immediate threat
to the arctic fox population in Svalbard.
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Plastic pollution is of increasing public concern. Once entering the environment, plastic debris
is degraded down to fragments of various sizes making them available for a range of
organisms. Microplastic(<5mm) is ubiquitous in terrestrial environments, beach zones, open
ocean, deep sea, remote islands. Plastic ingestion by marine organisms has been well
documented the last decade. Due to their small size, ingested microplastic can enter the
organism by translocate to other organs and has been found in liver and muscle of fish and
birds. Coastal cod (Gadus morhua) was chosen for this study because it is central in the
coastal food chain in Norway. The coastal cod is a stationary fish living their life cycle in the
same region and generalist, eating everything in its way and a stationary fish, living their
entire lifecycle in the same region. Atlantic cod is also consumed by humans and makes for a
good organism for studies on uptake, bioaccumulation with size and potential
biomagnification of microplastic up the food chain.

This study investigated microplastic in muscle tissue of 23 coastal cod collected from two
highly polluted areas in the Sotra-region, in western Norway. This area receives and traps
large amounts of long-transported marine debris with the coastal current and the dominating
winds from the south-west which leads to an accumulation of plastic in this area (Bastesen et
al 2021).

Microplastic were extracted by gentle enzymatic and oxidative treatments. Size and polymer
type was determined using uFTIR. 29 microplastic particles from 25-830um was observed in
8 of the 23 examined fish, dominated by particles below 100pum. Between the two locations,
fragments were the dominant shape. Six polymers were detected and PP and PE being the
most dominant with 70% and 64% of the observations between the sites.

This study adds valuable insight in the microplastic occurrence and persistence in edible
tissues of wild caught fish often used for human consumption. Knowledge of the fate and
potential biomagnification of microplastic up the food chain is of importance for risk
assessments and the definition of microplastic as a potential persistent and bioaccumulating
environmental contaminant.
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Oil and gas exploration and production in the North Sea and Norwegian Sea have taken place
since the 1960s. Gradually this activity has moved towards more Arctic areas of the Northern
Atlantic and Barents Seas, a move expected to be further facilitated by the withdrawal of sea
ice caused by global warming. Copepods hold a key position in these cold-water food webs, as
they are the main energetic link between primary producers and fish. During the last 15-20
years, many laboratory-based experiments have aimed at understanding impacts of acute oil
spills and produced water discharges on these cold-water copepods, particularly Calanus
finmarchicus. These data have formed the basis for the development of numerical models aimed
at predicting impacts of accidental oil spills and produced water discharges on copepod
populations. However, utilizing copepod toxicity threshold data (e.g., for survival, growth and
reproduction) from acute laboratory exposures may underestimate potential long-term
implications relevant for copepod ecology and phenology. With the recent development of
high-quality transcriptomes from RNA-Seq data, we have expanded our understanding of how
key biological processes, like molting, preparation for diapause and reproduction, are regulated
in cold-water copepods. This will also facilitate our understanding of how pollutants may affect
these processes. By causally linking pollutant exposure, accumulation, modes of toxic action,
and the eventual response related to important ecological attributes, adverse outcome pathways
(AOP) may be developed and could provide a more mechanistically informed risk assessment
for pollutant mixtures, like crude oil.
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Fish embryos can both bioaccumulate and are particularly sensitive to a wide range of
contaminants, which makes them suitable sentinels for environmental biomonitoring.
However, fish embryos are very rarely utilized in environmental monitoring surveys, possibly
due to their fragility and seasonality. In the present work, we assessed the applicability of
caged lumpfish (Cyclopterus lumpus) eggs for in situ biomonitoring of exposure and effects
of organic contaminants focusing on polyaromatic hydrocarbons and phenolic compounds.
Fertilized eggs (1 dpf) were transplanted for 17-19 days at different locations that differed in
terms of contaminant load, depths and weather conditions, namely at three stations close to
the city of Trondheim (two harbor areas and a one in the fiord) and three stations at a coastal
aquaculture facility. High survival at retrieval after deployment showed that lumpfish eggs are
relatively robust and survive encaging in different environments. Bioaccumulation of organic
contaminants (PAHs and phenolic compounds) was measured and potential effects on
hatching, development, survival and larvae morphometry were determined. Chemical
analyses showed that especially PAHs were effectively accumulated in eggs in contaminated
sites, with concentrations of ZPAHs being 15 — 25 times higher in harbor areas compared to
those at the aquaculture facility. A higher incidence of embryonic deformations was observed
in the most polluted deployment location, but larvae morphometry revealed no evidence of
toxicity related to pollutant body burden. In conclusion, the in-situ exposure method was
proven to work well, making it attractive for implementations in monitoring programs.
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The toxicity of produced water (PW) discharges has been repeatedly demonstrated. While PW
composition is very complex, regular monitoring of effluent composition only focuses on a
limited set of chemical classes, most of them petrogenic. Early life stages (ELS) of fish are
particularly sensitive to pollution and, thus, expected to be vulnerable also to PW compounds.
Due to the chemical complexity of PW, the causative mechanisms of toxicity remain poorly
understood, and a key question is: Are we monitoring the most relevant components of PW?

In the current study, we apply a novel functionality-based fractionation method to separate
discrete fractions of a PW collected from a North Sea oil production facility. A battery of
standard, non-standard and high-resolution chemical characterization techniques were applied
to allow a comprehensive investigation of PW composition. Toxicity of the PW and its
fractions was assessed on Atlantic cod using a combination of in vitro, ex vivo, in vivo and
modelling approaches.

The bulk composition of the PW comprised aliphatic and aromatic hydrocarbons, phenols and
organic acids and a range of production chemicals which were identified in separate fractions
of the PW. In terms of toxicity, the total PW extract caused a range of effects including
reduced hatching success, cardiac dysfunction, increased cypla expression and craniofacial
deformations in cod embryos. No individual fraction was able to provoke the same level of
effects as the total PW, but the hydrocarbon fraction was considered most toxicologically
potent.

The hydrocarbon fraction displayed toxicity, suggesting that monitoring includes the most
relevant toxicity drivers. However, no individual fraction was able to provoke the same level
of effects as the total PW, displaying the potential for combined effects between different
chemical classes of PW.
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Apex predators are characterized by high levels of biomagnifying organohalogenated
contaminants (OHCs) which have been found to induce detrimental health effects such as
endocrine disruption, immunotoxicity and reproductive impairment. As marine top predators,
white-tailed eagles (WTE; Haliaeetus albicilla) therefore represent a good candidate species
for investigating the pollutant-mediated effects on biomarkers of health. Changes in health
biomarkers can provide early warning indicators before larger effects are observed at both the
individual and population levels.

We studied the northern Norwegian and Swedish WTE populations, of which the latter has
been exposed to large contaminant burdens that caused reproductive failure and population
declines during the 1950s-1970s. By using both short- and long-term datasets, we aimed to
increase knowledge and validity of several health biomarkers in relation to contaminant
exposure in a sentinel raptor species. Namely, we examined the leukocyte coping capacity
(LCC; a measure of immune responsiveness), telomere length (TL; non-coding sequence of
DNA that cap the end of chromosomes associated with the ageing process) and feather
corticosterone levels (fFCORT; the main stress hormone in birds) and their associations with
legacy and emerging OHC concentrations in nestling or adult WTEs. In addition to being less
invasive in an effort to reduce stress in wild animals, the latter two biomarkers (TL and
fCORT) allow a reliable retrospective analysis to assess the impact of environmental stressors
on wildlife.

We detected significant annual variations in LCC and TL, but not fCORT of WTEs, and only
LCC was negatively related to elevated OHC exposure. We concluded that TL and fCORT
did not appear as good proxies of OHC exposure in WTEs, but we suggested LCC as a
relevant test to assess potential immunomodulatory effects of OHC exposure in avian wildlife.
Furthermore, ecotoxicological studies in avian wildlife need to account for the multiple
environmental stressors (which act in concert with OHCs) that can affect variations in health
biomarkers.
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Crumb rubber granulate (CRG) produced from end of life tyres is widely used on artificial sports
fields and urban artificial surfaces. CRG represents a good surrogate material for tyre particle
toxicity testing. It is known to contain a multitude of organic chemicals and metals, some of
which are only just being identified and assessed. Weathering of such artificial surfaces releases
both particles and the chemicals they contain into the environment. N-(1,3-dimethylbutyl)-N"-
phenyl-p-phenylenediamine (6PPD) has been identified as a new chemical marker for tyre
rubber. Both 6PPD and its transformation product, 6PPD-quinone, have shown to be toxic to a
number of different aquatic organisms. The current study examines the ingestion of CRG (1 - 2.8
mm) by a marine fish, the gut retention time of ingested CRG, and the uptake of tyre-derived
chemicals. Lumpfish (Cyclopterus lumpus) were exposed to CRG in a laboratory experiment for
21 days; 7 days exposure followed by a 14-day depuration period. The stomach contents were
analyzed for ingested CRG, while the blood and liver were characterized for tyre-associated
chemicals (HRGC-MS) and metals (ICP-MS). CRG were found in the stomachs of 68 exposed
Lumpfish (n=90), where the number of CRG particles in the stomachs increased during the
exposure and peaked at day 8. This was followed by a decrease throughout the depuration
period. Ingested CRG was still found in some Lumpfish stomachs at the end of the experiment
(day 21). Six different amine compounds were detected in analyzed blood samples from exposed
Lumpfish (n=18), including 6PPD. 6PPD (0.1 — 0.8 ng/uL) was found in 7 out of 18 blood
samples, both at the end of the exposure and at the end of depuration. Metals did not show
increased concentrations in any of the tissues or time points. The results show that Lumpfish do
not discriminate against CRG and ingest it alongside natural food items. Furthermore, ingested
CRG can remain in the digestive system for >14 days and the particles leach 6PPD and other
chemicals during this period. This suggests CRG particles and associated chemicals are
bioavailable to an ecologically and commercially important marine organism.
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Fin whales (Balaenoptera physalus) and other filter-feeding cetaceans can be exposed to and affected by
persistent environmental toxicants, but are differently exposed than apex toothed whale predators such as
killer whale (Orcinus orca) that are more likely to accumulate and biomagnify toxicants throughout the
food chain. Studies show the presence of several organic toxicants in these animals’2. The goal of this
study is to improve the knowledge about toxicological responses in fin whale by establishing stable fin
whale fibroblast culturing conditions for toxicological experiments.

Fin whale fibroblasts were isolated from skin and blubber biopsies obtained in the Svalbard region and
shipped to Bergen for laboratory work. Initially, two different culturing conditions were tested to find
optimal growth conditions for the fibroblast cells. The growth conditions tested so far were (1) adding
human basic Fibroblast Growth Factor (bFGF, FGF2) to the culture medium and (2) growing the cells on
a collagen coated surface. Adding bFGF showed a marked increase in growth rate. The bFGF treated cells
hit full confluency several days before the controls. Collagen coating had no apparent effect on growth
rate.

The cells will be used in exposure experiments with various environmental toxicants and toxicant
cocktails. In addition, we want to reprogram the cells into mesenchymal stem cells (MSCs) using an MSC
inducing cocktail of chemicals and human growth factors®, and further differentiate them into other cell
types (e.g., adipocytes) for further studies. Results from these ongoing experiments will be presented.
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Biometric, biochemical, histological and metabolomics analyses were performed in female
and male pike (Esox Lucius) from Glubokoye (contaminated) and Kashovka (reference) lake
in the Chernobyl exclusion zone (ChEZ) during spring of 2019. An indicative assessment of
sperm concentration and motility was evaluated, and the concentrations of stable trace metals
and organic pollutants were determined in fish livers. Environmental metabolomic analysis
was adopted to assess the functional status of pike in the contaminated and the reference lake
within the ChEZ.

The chemical parameters for water quality (temperature, conductivity, and ion composition)
recorded in March 2019 did not differ significantly between the lakes. The activity
concentrations of Cs-137 and Sr-90 were 0.118 and 0.023 and 3.3 and 96 Bg/L in the
reference and contaminated lake, respectively. Although the internal dose was significant,
dose estimated by ERICA tool indicated that the main dose contribution was most likely from
the sediments.

Blood biochemistry showed elevated levels of aspartate aminotransferase (AST), creatine
kinase (CK) and glucose (Glu) in fish from the Glubokoye lake compared to Kashovka.
Histological analyses of whole blood in fish from the Glubokoye lake showed significantly
higher levels of immature and anisochromatic erythrocytes (indicating a reduction in
haemoglobin and haematocrit), micronuclei, as well as percentage of thrombocytes compared
to Kashovka. Histopathological analyses of the liver, spleen and skin are ongoing. Significant
differences in 23 metabolites were identified in metabolomic expression between the two
lakes, whereby PUFA (linoleic acid and folate metabolites) and amino acids were among the
metabolites showing lower levels in the contaminated lake compared to the reference lake.
Abnormal erythrocytes and thrombocytes in fish from the contaminated lake could indicate a
disturbance of the hematopoiesis, whereas elevated blood biochemistry parameters could
indicate changes in liver function. The metabolic analyses showed a pattern, which could also
point to folate metabolism defects. The concentration of metals and organic pollutants was
significantly higher in the fish from the reference than in fish from the contaminated lake and
it is therefore not expected to have contributed to the observed differences. This research was
funded by CERAD—Centre for Environmental Radioactivity (project 223268/F50).
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We evaluate the potential toxicity of chemicals and monitor their possible effects in the
marine environment using a small number of species, including sheepshead minnow, Acartia,
planktonic algae and turbot for risk assessment and mussel, Atlantic cod, flounder and dab for
monitoring. There are substantial differences in both physiology and exposure patterns
between even closely related species, making it challenging to extrapolate, but it is on the
other hand not possible to include them all in providing the data we need for a scientifically
acceptable management of the potentially toxic chemicals present in the marine environment.

The aim of this paper is to discuss the potential consequences of our current practices in both
risk assessment and monitoring, not least the lack of correspondence between the species
choice in either, and the different alternatives to address this challenge.

The choice of model species for risk assessment has largely been decided by ease of keeping
in the laboratory, size, generation time and history. A comparison between the currently used
and potential European marine species have indicated differences in sensitivity. Scientific
efforts should be increased to develop tests for small species such as stickleback or two-spot
goby and juveniles of monitoring species such as cod, dab or flounder.

Data from monitoring around offshore platforms have clearly shown species differences.
Similarly, sublethal responses in gadiid species (Atlantic cod, whiting, Norway pout) from the
urban Oslofjord and an adjacent unpolluted area has shown clear species differences. A
possible strategy is to develop species-specific threshold values for the relevant species, as
was used earlier to compare very different species such as cod, haddock, dab, flounder and
mullet.

Even with such cross-species assessment we do not know if we are protecting the most
sensitive species. This is clearly a huge challenge. As stated above, we can not test all marine
species. Some possible strategies will be discussed. All require an increased research focus on
how different species and life stages respond to chemicals.
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The use of neonicotinoids has raised serious concerns regarding their adverse effects on non-
target organisms. This led to the ban of the three most common neonicotinoids from outdoor
use in the EU in 2018. A replacement insecticide was made available for the European market
in 2015; the butenolide flupyradifurone. Although neonicotinoids and flupyradifurone share the
same mode of action, the latter is marketed as pollinator-friendly.

To compare the toxicity of the neonicotinoid clothianidin and flupyradifurone, the effects on
colony development of the buff-tailed bumblebee (Bombus terrestris audax) were investigated
under ambient fluctuating temperature. The bumblebees were exposed to low and high (4x low)
sub-lethal concentrations of each insecticide separately through artificial nectar over 21 days
followed by 21 days post-exposure to develop, giving 42 days in total. The experiment ran
sequentially from May until August, giving a natural ambient temperature gradient with low
temperatures in May and higher temperatures in August.

By comparing effect sizes between low and high exposure of the two insecticides, we found
that the neonicotinoid clothianidin in general is more toxic than its replacement chemical
flupyradifurone for the weight gain of the colony, the change in number of bees, nectar
consumption and production of different developmental stages. While the negative effects
increase from 20% to 100% from low to high exposure of clothianidin, the effect was negligible
for flupyradifurone.

The effect of temperature on toxicity depends on the insecticide, the exposure concentration
and the endpoint assessed. For example, when compared to non-exposed control colonies,
colonies exposed to low concentrations of flupyradifurone had a greater weight reduction under
warmer conditions. However, at high exposure concentrations of flupyradifurone, a greater
weight reduction was seen under cold conditions. When exposed to low concentrations of
clothianidin, warmer temperatures slightly increased colony weight. At high exposure
concentrations of clothianidin, the colony weight was reduced at all temperatures, with greater
loss at higher temperatures. These results show the complex interactions chemicals can have
with the dynamic environment they are used and released into.
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The house sparrow (Passer domesticus) is a small passerine bird that may be readily exposed
to anthropogenic pollution due to its close association with humans. Several metals and poly-
and perfluoroalkyl substances (PFASs) are known to induce immunosuppression in many
vertebrate species and have been linked to increased pathogen prevalence and infectious
disease severity. House sparrows from Helgeland, northern Norway, are commonly infected
with the parasitic nematode “gapeworm” (Syngamus trachea), which can reach a prevalence
of 40-60% during summer months. Gapeworm induces severe respiratory disease in birds and
has been previously demonstrated to decrease survival and reproductive fitness success in
wild house sparrows. The aim of this study was to investigate whether gapeworm infection in
wild house sparrows is influenced by a higher exposure to pollution with PFASs, metals and
other elements. We conducted PFASs and elemental analysis on whole blood from 52 house
sparrows from Helgeland, including highly toxic metals such as lead (Pb), mercury (Hg) and
arsenic (As). In addition, we studied gapeworm infection load by counting the eggs in
sampled feces from each individual. We also studied the expression of microRNA (miRNA)
155 as a key regulator in the immune system. We found that PFASs concentrations were very
low in the house sparrow (sum PFASs 0.00048 — 354 ng/L) and were not clearly associated to
immunomodulation or infection rate. At one location, some of the birds had high Pb
concentrations (178 and 851 pg/L), which could possibly be related to oral ingestion of lead
particles. Furthermore, this study reveals for the first time that elevated blood concentrations
of Pb were associated with an increased prevalence of gapeworm infection in the house
sparrow. In addition, the expression of miR155 in the plasma of the house sparrow was
modulated by the bioaccumulation of non-essential elements, including Pb. In conclusion, the
current study highlights the potential high threat posed by Pb as an immunotoxic pollutant,
affecting even birds at lower trophic levels, such as the house sparrow from Helgeland.
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The Greenland Sea is a High Arctic region increasingly affected by climate change. Polar cod
(Boreogadus saida) 1s a key species for carbon flux in Arctic marine food webs. This study
examined the feeding ecology of polar cod larvae in the Greenland Sea using samples collected
in August-September 2017. Gut contents of the fish larvae were analyzed by identifying each
prey to the lowest taxonomical level possible and taking morphometric measurements. Taxon-
specific allometric equations were used to estimate the carbon content of each gut and compared
among the regions sampled (shelf, slope and basin). Zooplankton composition in the guts were
compared to zooplankton in the water column to document prey selectivity patterns and
preferences of polar cod larvae in the study area. Preliminary results of shelf and slope samples
indicate local differences in prey selectivity and carbon contents. Insights from this study can
improve our understanding of food-web dynamics in the Greenland Sea and other High Arctic
regions.
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Polar bears are at considerable risk from both climate change and exposure to persistent
organic pollutants (POPs), as well as their combined impacts. A mechanistic understanding of
the link between global emissions of POPs and resulting exposure in polar bears is vital to
understand how climate change may affect their contaminant exposure. Therefore, the overall
objective of this study is to develop and evaluate a new bioaccumulation model for organic
contaminants in polar bears, and apply the model to investigate the influence of climate
change on its contaminant exposure. For this purpose, we further developed the Nested
Exposure Model (NEM). NEM is a dynamic and spatially resolved environmental fate and
bioaccumulation model able to simulate the whole link between global emissions of organic
contaminants and resulting exposure to key species in the European Arctic ecosystem. NEM
already contains key species of the polar bear food web, from planktonic species to fish and
ringed seal, as well as seabird eggs and reindeer. Here, a polar bear module is included in
NEM for female Svalbard polar bears of both the coastal and offshore ecotypes. The polar
bear module is parameterized based on detailed biological/ecological data, including life-
history, reproduction and lactation, seasonal body mass and lipid contents, energy needs and
dietary composition. To evaluate the model, global historical emission inventories and
physical-chemical properties of the polychlorinated biphenyl (PCB) 153 are used to predict
PCB-153 concentrations in female Svalbard polar bears from 1930 — 2050. The model is
evaluated by comparing predicted concentrations against measurements in Svalbard polar
bears from the period 1997 — 2019. In particular, we evaluate whether the model is able to
capture concentration differences with age, ecotype, time, and space. An overview of the
model, its parameterization, and preliminary results will be presented. Ultimately, we will use
the model to explore climate change impacts on contaminant dynamics in polar bears.
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When engineered nanomaterials (ENMs) enter the wastewater stream, they become primarily
attached to the sludge flocs and are therefore removed quite efficiently by wastewater treatment
plants (WWTPs). Nevertheless, small amounts of ENMs entering WWTPs reach the
environment directly via the effluent, attached to sludge flocs or even as individual
nanoparticles. There is limited available data on the fate and transformation of ENMs released
from WWTP and the impact of these processes on ENM bioavailability to aquatic organisms.
Most studies on ENMs bioavailability or accumulation have been performed using pristine
ENMs, where important physicochemical transformation processes are rarely taken into
account. A few studies have been conducted with artificial wastewater to simulate the
transformation processes in WWTP, but mostly using high ENM concentrations.

In this study, we used a pilot WWTP operating with municipal wastewater and spiked with
environmentally relevant concentrations of Au ENMs and isotopically enriched '*?Ag or *ZnO
ENMs. Isotopically enriched ENMs allow the tracking and detection at low concentrations in
complex matrices, as well as differentiating between the background levels of elements in
WWTP matrices and in exposed organisms. Methods for the syntheses of the respective ENMs
were developed. The benthic amphipod Hyalella azteca was used as a model organism, as the
uptake and detoxification mechanisms for metals in this species are well known. After
exposures with effluent or biosolids from the pilot WWTP, we examined the uptake,
accumulation and bioavailability of the wastewater-borne (aged/transformed) ENMs, and the
respective metals based on body burden values determined by inductively coupled plasma -
mass spectrometer (ICP-MS). These results were compared with data from exposures
conducted with pristine ENMs and dissolved metals (Ag* and Zn?"). Initial data from a 7-day
exposure study revealed a nearly three times reduced bioavailability of aged Au ENMs from a
WWTP compared to their pristine counterparts. The results were complemented by single
particle ICP-MS measurements to assess the presence of individual particles in the different
matrices and organisms.

Session: Fate and effects of particles on organisms
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In the recent years, the comprising use of plastic in our daily life increased our comfort. Due
to their diversity and attractive properties, plastics have been applied in various fields and are
found ubiquitously in the environment. We can find plastics as macro-plastics (>5 mm),
microplastics (MP; <5 mm), small microplastics (sSMP; <100 pum) or nanoplastics (NP; <1
um). The base plastic is completely inert and consists only of the main polymer. For its use, it
is often necessary to add chemical additives to improve the properties of the polymer. Despite
this final resistance, in the environment plastic products are subject to weathering. Different
processes are involved in the degradation of plastics, as the mechanical degradation, the
biodegradation, the chemical degradation or the thermodegradation, but the photodegradation
is the main process. Studying these processes, in a relevant environmental context, is a current
scientific challenge. The understanding of how plastic degradation can lead to the formation
of sMP and NP in aquatic environment, is a major question of the REVEAL project. It is
known that plastic polymer fibers from textile or commercial plastic bags are products that are
commonly used and therefore frequently released into aquatic environments. In the present
study, we aimed at investigating the photodegradation of different plastic textile fibers
(polyamide, polyester and poly-acrylonitrile) as well as a natural material (wool). Also,
different plastic bags (virgin polyethylene (PE), recycled PE and consumer plastic bag
(recycled and printed PE)) were used. Given the current need to study the photodegradation of
plastic products in conducting laboratory studies, the use of UV-A/B was chosen and
compared to UV-C exposure. Plastics were exposed in different conditions as dry powder or
in millliQ water but also in artificial seawater. The formation of degraded sMP and NP is
characterized with the size distribution (Coulter Counter and NTA techniques), the carbonyl
index (FTIR) and finally, the release of chemicals is analyzed using LC-QTOF. This study
contributes to a better understanding of the formation of SsMP and NP and their fate in aquatic
areas from plastic items we are using in large quantities.
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Trace elements (TEs), which include metals, are naturally present in the environment but their
availability has been increased by human activities. Some of them play an essential role in
biological functions, but all can have sublethal and lethal effects depending on concentrations.
In birds, some TEs impact life history traits. All phases of the life cycle may be exposed, but
the embryonic and juvenile stages are the most sensitive. During egg formation, the female
transfers elements essential for embryo growth, but also contaminants that can interfere with
embryogenesis. Thus, eggs are used as a biomonitoring matrix to report contamination
concentrations. However, certain biological parameters can influence contaminant
concentrations in eggs, e.g., laying order, number of eggs and days since the onset of
incubation. Several migratory waterbird populations are declining worldwide, including the
Common Eider (Somateria mollissina) population in the Baltic/Wadden Sea flyway which has
declined drastically since the 1990s. Among the suggested causes, the contribution of
environmental contamination remains to be clarified. The objective of this study is to evaluate
the maternal transfer of TEs from females to their eggs and its variability. We sampled blood
from 9 female eiders in the Bengtskir colony (Finland) during the first days of laying and
then again 6 days later. At the second sampling, we also collected their eggs. Both the red
blood cells and eggs were analyzed for 10 TEs (As, Ca, Cd, Cu, Hg, Mg, Ni, Pb, Se and Zn)
with the ICP-MS at the department of Chemistry, NTNU. The data are still being analyzed
and the results will be presented at the conference. As the Baltic Sea is one of the most
contaminated seas due to its landlocked nature and land-based inputs, we hypothesize that due
to the geographical position of the Bengtskér colony, the majority of TEs concentrations are
higher than previously described. We also predict that the body condition of the female as
well as the order of laying are determining factors in the transfer of TEs from the female to
the egg.
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As the field of plastic research is in rapid development, the need for suitable, consistent, and
reliable monitoring methods of microplastic exposure in seabirds is urgent. To contribute to this
discussion, the suitability of faecal samples as a minimal invasive alternative for microplastic
monitoring purposes was addressed. The exposure of European Shag (Gulosus aristotelis) to
microplastic was examined using faecal samples, and both the amount and the polymer type
was recorded. The potential monitoring matrix and microplastic exposure was tested on faecal
samples (n=38) collected from European shag chicks during the breeding season 2021 at
Sklinna, a Norwegian archipelago where plastic pollution has been observed. First, the samples
were digested using a combination of Fenton reagent and nitric acid followed by ethanol
treatment in an ultrasonic bath. The extracted faecal content was analysed on glass fibre filters
using a stereomicroscope, where the longest diameter and colour were recorded for each
particle. 40.3 % of these were transparent, while 17.6 % were yellow and the smallest particles
between 100-200 pm constituted 61.7 % of the total particle amount. To verify if the extracted
particles were plastic polymers and which type, a WITec alpha 3000 Raman spectrophotometer
was used. The analysis is still ongoing, so these results will be presented at the conference.
Compared to other matrices for microplastic monitoring, faeces are challenging to collect and
are not possible to acquire from all species of seabirds. In addition, it is likely that the
microplastic content is in the smaller size-range due to the grinding process in the seabirds’
digestive system, which makes the particles difficult to analyse as both sampling and analyses
are prone to contamination.
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The adverse health effects from receptor mediated toxicity in plastic products has been well
documented over the past decades. It has become clear that food contact chemicals (FCCs),
the totality of compounds found in food contact articles (FCAs), can mimic natural ligands,
and thereby induce unwanted alterations within cellular systems. Disturbances in the
endocrine, metabolic, or immune systems has been associated with an increased prevalence of
non-communicable diseases such as asthma, diabetes, increased risk to cancers, and immune
system malfunction. Traditionally, receptor mediated toxicity has focused on nuclear or
cytosolic receptors, while largely ignoring cell surface receptors. G- protein coupled receptors
(GPCRs) are the largest class of cell surface receptors and are distributed throughout nearly
every tissue in the human body. GPCRs signal through a diverse assortment of molecules and
have a ligand binding pocket readily available to interact with compounds circulating in the
extracellular matrix. Emerging research has shown that GPCRs are activated by PCBs, PAHs,
pesticides, and other environmental contaminants.

The primary aim of this work was to explore novel mechanisms of action for chemicals found
in plastic food packaging. Furthermore, we determined the utility of a pharmacological drug
screening assay for the purposes of toxicology screening. Our goal was to avoid issues of
confirmation bias in receptor selection and therefore tested as many GPCRs as was feasible.
We have adapted the PRESTO-Tango screening platform to interrogate bisphenol A,
triphenol phosphate, and diethyl phthalate across 132 human GPCRs. Additionally, we have
included three mixtures of extracts from plastic food packaging made from a variety of
polymer types. With a strict acceptance criterion, we demonstrate for the first time, that the
melatonin and adenosine endocrine systems are targeted by chemicals found in plastic food
packaging. This work suggests the possibility that plastic may contain circadian disrupting
chemicals and highlights the value of interdisciplinary research.



Immunotoxicity of plastic leachates on Mytilus edulis haemocytes

Michelangeli M.E. ", Sgrensen L. 2, Booth A.M.? & Gomes T.!

*|lead presenter

lelisabetta.michelangeli@niva.no, Norwegian Institute for Water Research (NIVA), Section
of Ecotoxicology and Risk Assessment, Oslo, Norway

2 Department of Environment and New Resources, SINTEF Ocean, Trondheim, Norway

Plastics can contain a mixture of hazardous chemical additives incorporated during production
and processing to modify or enhance their properties. Plastic additives (e.g., flame retardants,
plasticizers, antioxidants, UV stabilizers, pigments, metals and organic substances) are not
covalently bound to polymers and, under environmental conditions and digestion processes,
can leach out and be available to aquatic organisms. Previous studies have identified additives
belonging to different classes of persistent organic pollutants, several with carcinogenic,
mutagenic and reprotoxic characteristics. For this reason, plastic leachates constitute an
emerging environmental threat and there is still a critical lack of information concerning their
impact to marine life. Bivalve haemocytes represent an important level of biological
organization, constituting the first line of immune defense against xenobiotic substances. In
this context, this study aims to assess the ecotoxicological effects of leachates derived from
car tires and balloons to Mytilus edulishaemocytes by using a reliable, reproducible and close
to an in vivo state methodology developed using flow cytometry. Leachates were generated in
seawater under shaking at 125 rpm and 20°C for 14 days in the dark. Haemocytes were then
exposed for 24 h and 48 h to different dilutions, after which the following biological
endpoints were assessed: mortality, cell viability, reactive oxygen species (ROS) formation,
cytoplasmatic and mitochondrial membrane potential, lipid peroxidation (LPO), neutral lipid
content, esterase activity, lysosome presence and DNA damage. Preliminary data indicate a
significant adverse effect of both leachates in haemocytes at low concentrations. This study
will contribute to addressing the current gaps in this emerging area of research by providing a
relevant and accurate understanding of the toxicity and mechanisms of toxicity of plastic
additives towards marine organisms. Moreover, it will help promote more focused
experimental design studies on the effects of plastic particles and the leaching of their
chemical additives.

Acknowledgment + This work was supported by the Stipendiatstilling program (grant
number: 321173) and the project MicroLEACH (grant number: 295174), funded by the
Norwegian Research Council.
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Plastic are a widespreadand pervasive pollutaniaffecting several ecosystems and wild
animals Birds are among the most highly exposed groups of anirdalsever,very little is
known about the effects that ingegmicroplasticscancause in birdsin particular, here are

no studies thus far that hawevestigated theeffects of smalle microplastics (< 1 mm)
althoughthey haverepeatety been reported to causelverse effects imthertaxa such as
fish and invertebrate$Ve thereforeinvestigated the effesf both large (3 mm) and small
(< 125 m) microplasticsin a well-establishedaboratorybird mode} the Japanese quail
(Coturnix japonicd. We proposea tentativemechanisticpathway for the two microplastic
size classe and evaluated different endpoints in the quails, ranging from buisto
physiological parameter®§., blood biochemical parameters, reproductive hormones), lipid
metabolism €g., fatty acid composition) and cellular parametegg.( oxidative stress,
inflammatory responses).o this purpose 56 growing quails were ranaaly distributed in
four groups, including one control angrée treatment groups that were orally exposed to 3
mm particles (treatment 1), powder ¢f125 m (treatment 2), and a mixture bbth
(treatment 3). Plastic used for the experiment was cellebiom the Norwegian marine
environment (Mausundarchipelagd and the polymer type was analysed using Raman
spectroscopyMicroplastics were produced fromhree items made of polyethylene and
polypropylene The doses omicroplasticexposure were the same for all treant groups
and increased three times with the aiehe quais, reaching 0.6 g in total per quail. After
five weeks ofexposure, quails werauthanised and samples (blood, liver) weolected and
stored for furbher analysesResults showed thattabugh body massias not affected by
microplastic treatmentsome physiologicaleg., liver parametersl7 -estradol), metabolic
(e.g.,fatty acidg and cellular (e.gantioxidantenzyme activity)parametersvereaffected to
different dgrees andvere influenced by the microplastic siZEhis is the firstintegrative
study in birds exploring different endpats affected byingestionof both small and large
microplastics resultingin the first understanding of the toxicity wiicroplastics in birds.
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Change in microplastic concentrations on the seabed after treatment of
sewage discharges
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Plastic pollution occurs globally, and microplastics have been detected in all parts of the

environment, from deep seabeds to high mountain peaks. Urban environments are important
discharge points for both plastic and microplastics. Once released into the environment, the

microplastis areimpossible to remove.

Previously published studies hasteown high concentrations of microplastics in Byfjorden in
Bergen.The highest concentration of microplastics was observed at the discharge point for
untreated sewage which spread with the ocean currents to the surroundingHagkas.
concentrations coinded with deposition sites fororganic matter and environmental
contaminantsUntreated sewage discharges took place dumadernization of the treatment
plants In the period after thigrst study(2015), secondary treatment has been installed, so that
organic particles and microplastics are now precipitated and removed from the wastewater as

sewage sludge.

With sample material from 2016 and 2019, hee’ecompare the amounts of microplastic on

the surface of the seabed before and after secondary ¢ledmrastewaterin addition, the
thesis will compare precision in two methods for analysis of microplastics from sediments, to
make monitoring more cosfffective. This will be important for implementing microplastic

monitoring as &ontaminant.

The project will use sensitive chemical analysis methodsstdation and quantification of
microplastics in sediments from the seabBado methodsof analysiswill be used: Fourier
Transform Infrared Spectroscopitowsthe size, shapef the particles, and identifies a wide
range of polymersin addition, pyrolysis Gas Chromatography Mass Spectrometry provides

direct measures of the concentration sekectionof common polymers.



Sedimentation rates, remobilization of sediments with o@earents and bioturbation by
benthic organisms may mask effectsaofy reductionafter sewage treatmenf mandatory
monitoring for chemical and ecological status (following the Water Framework Directive,
WFD) would include MP guantification, this opetie possibility to observe changes in MP
pollution over time. At this stage, MP are not included for monitoring in the WFD. However,
in order to know whether the requirements of SDG14.1 to reduce marine debris is met,

monitoring is a necessity, either hetoutlets or at the recipient



The effect of shape and polymer type on the  toxicity of microplastics in
Daphnia magna
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The impact of microplastics on the environment has been extensively studied in the past
decade. A common crdism is that the polyethyhe (PE) and polystyrene (PS) microbeads

used in these studies do not reflect the secondary microplastics (fibers or fragments, other
polymers) commonly found in the environment. Hence, existing literature might

underestimate thienpact of microplastics otihe environment. This study aims at providing a
comparative assessment of the toxicity of microplastics in freshwater invertebrates by
investigating the reproductive effects of the different polymers and shapes on Daphnia magna.

Daphnids were exposed fot & to polyamide (PA) and polyethylene terephthalate (PET)

fibers and fragments. PS beads and wool fibers were used as reference material for other
studies and as a natural reference, respectively. Animals were exposed toéemtretions

ranging from 2o 250 mg/L with 10 replicates for each treatment and 20 negative controls. A
deviation from the standard OECD test setup was the use of plankton wheels to keep the
microplastics in suspension and maintain a consistent expasurentration. The numbef o
neonates produced during the experiment was recorded during every water exchange (thrice a
week).

The reproductive toxicity of microplastics in daphnids varied with polymer type and particle
shape. This shows that the commoprapch of using a singlefg of microplastic cannot
sufficiently predict the impacts of microplastics in general. Furthermore, the data show that
the dose metric (e.g., massimber,or volume per liter) used to present the plastic
concentration can hawggnificant impact on the selts and conclusion. Lastly, the
concentration of PS beads in the test medium decreased over time, demonstrating the
importance of determining the actual exposure concentrations throughout the experiment.

This abstract hassd been submitted to the SETAC 2022 conference



Chronic exposure to pharmaceuticals  reveals metabolic and physiological
responses in  Daphnia magna
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In recentyears pharmaceuticals have been recognised as emerging contaminants of significant
concern as via several pathways of entry, pharmaceuticals eventuate into freshwater systems
where they pose sdbthal effects to aquatic organisnixacerbated by their ineased
consumption and poor removal rates from waste water treatment plants, pharmaceutical
compounds have been classed as pseedsistent in the aquatic environment and their
monitoring is imperative. In some cases, their environmental levels coutdibteatable, thus,
highlighting the need for sensitive tools to monitor the aquatic environment.

In this study, molecular and phenotypic endpoint®&bhnia magnavere measured following
chronic exposure to five frequently detected pharmaceuticals iacsuwaters. Markers of
enzyme activities were combined with metabolic perturbations to assess the impact of
diclofenac, metformin, gabapentin, carbamazepine, gemfibrozil and their mixtures on
daphniids. Physiological markers of enzyme activities includédrpv S K D \yalastbésidase,
peptidase, lipase, lactate dehydrogenase, glutathbtransferase and glutathione reductase
activities and revealed significant trends upon different exposure. These observations were also
accompanied by metabolic pertuiibat in glycolysis, the pentose pathway and the TCA cycle
which revealed distinct groups and metabolic fingerprints for each pharmaceutical and their
mixture.
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Rubberbased materials aremnipresentin aquatic environments, where weatheriagd
degradatiorprocessesandrive the leachingf their associatedhemicals.The current study
assessdand comparethe effectsof i) chemcal leachate®f rubbermicroparticles RMP, <1
mm) from different consumerproductsand ii) some specificsingle component®f the
leachates ofoxicologicalconcernon early life stages of Atlantic coGadus morhup

RMP derived fom common consumerrpducts balloons(BAL), car tire rubber (CTR) and
dishwashing gloves (DG).eachatestocksolutions(100g/L) were produced andiluted with
seawater to 5 different leachate exposure conderisa(from the highest to the lowest: -C1
C5 whereC1=100% and C5=6.3%). In addition 2 chemical componentsccurringin CTR
leachatesnamelybenzothiazoldBT) and 6PPEquinone(6PPDBQq), wereassessedimilarly
to theproducedeachatesthey weretestedat 5 concemations rangingfrom 15 mg/L C1) to
0.2 mg/L (&) for BT, and from50! g/L (C1) t00.08! g/L (C5) for 6PPDq. Investigates
toxicological endpoints weresurvival and mortality, hatching success addvelopmental
alterations assessbg morphometrianeaswements

Non-targetGC-MS analysesombined withmass spectral library matching (>80% similarity
revealed a numbepf organic compounds in the leachates, representing antioxidants,
antimicrobids and plasticizers. CTR and DG leachatesl the highst content obrganic
additives.The DG and CTR leachatexposure led to lower hatching success ancased
mortality from C3 to Clcompared to BAL leachatewhich did not case any significant
effect Thehatching success and surviwdlembryoswas ggnificantly reduced after exposure
to CTR leachates anblenzothiazolewhile no significant effect wasbserved in 6PPQ
treatments. Embryonic development was impacte@iposure to CTR and 6PRpat the
highest concentrations for both treatmentssuting in smaller larvae at hatch Larvae
exposed to theiphest 6PPBy concentratiorexhibited ahigh degee of spinal deformation
(scoliosis).

This studyindicatesthat RMP leachates can affect survival and developmerseasitive life
stages in codwhere different chemicalsan be responsible fatifferent effects. Further
research should be directedwlrds mechanistiassessmentof the toxicity driving
components iRMP leachates
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The growing human population has led to an increasenand and use ofietals and other
technology critical Ements.In this study we assessl spatial and temporaioncentration
patternsof 30 elemants of potential environmeat concernin the sugar kelpSacharina
latissimg, a keyorganismproviding important ecosystem ses&s for the Norwegian marine
environment.

S. latissimaseedings were transplanteat different locations alanthe Norwegiarcoast and
samplescollectedthereafterat dfferenttime pointsduring the growing seasoSamples were
taken from2 depths (22 m and m) in 4 locationsat 4 timepoints May to August)
Elementconcentrationsvere determinedin freeze dried samplegachcomprisinga pool of
10 specimensusing ICP-MS. Element accumulationwas evaluatedin relationto different
local abiotic and biotic conditions

The results showed a high location and sampling time dependentvariability for
concentrations ainost elementand element groupQverall,seaweesthat werenot affected
by freshwater inputexhibitedhigher growth over time, accompanied by increaslggnent
concentrationsn sites wth high freshwater inpugandinfluencel by anthropogenic activities
we found atime- and depth dependertoncentation increaseof several elementsuch as
cobalt (Co) and mercury (Hgpimilarly, but not depthdependent copper(Cu) and nickel
(Ni) concentrations strongly increasedsipecimensrbm areasboth affected byfreshwater
inputs and anthropogenic acties, with also a clear increaseoin nathem to southern sites.
Furthermorethe groupof rare earth Eements(the 15 lanthanoidglus yttium) in seaweeds
from locations affeted high freshwater inputsexhibited highy variable and ndaime- and
depthdependentoncentrations.

The esultsfrom this studyincrease our understandiog theuptakeof elements of concern at
lower trophic levelsand indicate that seaweedgould actas bioremediatordn the marine
environment.



Environmental DNA as a tool for marine biodiversity monitoring in a
global change context: The ABOVe -DNA project
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Maintaining bodiversity iscritical to sustainhealthy ecosystemand the loss abiodiversity
has ecological, economic, and societal consequer@asate changeand athropogenic
stressorssuch as pollution threaten the maintenance of biodiversity glob@hg. fast
progressingeffects of human disturbances necessitate the establghiof ecosystem
monitoring programs to establish the diversity and distributiospaicies.Comprehensive
biodiversity assessmesdf vulnerable marine ecosystems are imperdtveinderstanding the
impact ofanthropogenicstressordo inform policymalers on the developing state of ocean
systems.

While there is a great need to characterize marine biodiversity for understanding the impact of
climate change and anthropogenic stressors, traditional taxonomic approaches which rely on
eucaryoticspeciesidentificationthrough morphological featurese very time consuming and
require considerable researdffort and funding The evaluation of biodiversity using
environmental DNA (eDNA)is a more costeffective wayto monitor vast areas through
repeated samplingn addition to identification at species levehadysisof eDNA fragments

will facilitate monitoring of both eucarymt and procaryat organismsresulting ina larger

portion ofthe total biodiversityo be recordedeDNA analysis can be used to detect common,
endangered, invasive, or rare species, from single populations to communities, which are
considered direct proxies to assess the ecological health of ecasystem

The ABOVeDNA project aims to developnaoperationatoolbox to observe and describe
changes in the marine organismal community structurégokbrprocaryotes and eukaryotes by
eDNA analysesThe outcoms can be useful for assessing fihgacs of various single or
combined natural and anthropogenic stressors, including habitat artificialization (eamd in
off-shore artificial structures instalment), economic important species exploitation (e.g., fishing
and aquaculture activities), polluticand changes in climatic conditions (e.g., temperature
increase, sediment load3)he expected outcomes calsohelp improving management and
conservation strategies of aquatic ecosystan®th thdocal and global level
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Rare earth elements and yttrium (REY) are increasingly mined for a variety eteblgland

renewable energy products, medical uses, metallurgy and even agricultural apgliéatimainly

particle associatedhetals, REYcan enter the aquatic environment via mining, agricultural, industrial
and urban rwoff; via dust and wastewater. While the evidence is growing that REY are contaminants
of emerging concern in aquatic ecosystedue to their enrichment in sediments, bioaccumulation and
toxicity, their risk to the marine environment remains largely unknown.

1RUZD\ DV WKH ZRUOGYV OHDGL Gan®dyaapiKdpehUn&Ricubee@B QWLF VDO
to reduce the marine pollution to a minimulmtensive salmon farming is a local source for organic

pollutants, parasites and diseases, (heavy) metals and excess nutrients, which pose a threat to the
adjacent ecosystem. Analyses of fish feed have/shibattrace amounts dREY may add to the

existing problempossiblyoriginaing from mineral supplementndbr terrestrial plant ingredients in

the feed With 1.3 metric tons salmon produced annually and ca. 0.5 kg of faeces and uneaten feed
pelletsemitted per kg salmoin Norway, we expect salmon farms to be a source for excess REY in

themarine environmen

Here,we aim tounveilwhether REY add to the environmental footprint of salmguacultureén

Norway. We are currently screenisgimon farms foREY emissions, usingativeblue mussel

(Mytilus eduli$ and sugar kelpSaccharina latissimjaas biomonitoring organisms. Badbivalvesand
algaeare known to enrich metals, including REY, which makes them ideal monitoring organisms for
metal pollution We transplanted the mussels and kelpanuary/February 2022 threeproximities
(stations)o threesalmonfarms in Nordland and Tr¢ ndelafyt each station, we deployédaur
anchoredopescarrying 50 caged blue mussels and twinme seeded witfuvenile sugar kelp
sporophytesat5 to 10 mfrom the surfaceSampling will take placen April/May 2022 for subsequent
REY analysis using IGIIS. The outcomes of this study will provide novel and important data aiding
a first risk assssment of REY in coastal Norway.
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The aquaculture industry is important in Norway, being the second largest export income to
the country economy. Within the species farmed, salmon represented 94% of the total
production in 2019. Salmon culture can be affected by different diseases igchatasite
infestations, mainly from sea lice. To prevent this, industry has developed veterinary
medicinal products (VMP) such as emamectin benzoate (EMA) and teflubenzuron (TEF) to
treat fish. These substances are persistent in marine sediments (>1207/CGarahys,
respectively), so it is important to know their effects on -tavget organisms such as
keystone species that contribute to processes such as bioturbation and bioengineering. In the
North Sea, the brittle st&mphiura filiformisplays a major eological role as an ecosystem
engineer The main objective of this study was to assess the effects of EMA and TEF on the
brittlestar A. filiformis. Organisms were collected near the Kristineberg Marine Station
(Sweden) in August 2021 using a trawl (60. Mhe spawning was induced by photoperiod

and subsequently the gametes were collected for the fertilization process. Different quality
verifications were made prior to the experiments, including egg quality, sperm mobility and
finally gamete compatibilityAfter checking the fertilization success, fertilized eggs (1300
eggs per bottle) were exposed for 5 days. For both substances, 6 concentrations, plus a
negative (seawater) and a solvent control (0.01 % methanol) were used. For the daily
sampling, a 5 mlréplicate) sample was extracted from each bottle. Abnormalities and
morphometric analyses were performed using a microscope. For the first 3 days of exposure,
only body length was measured, and on days 4 and 5, body rod length and arm length were
also recoded in addition to body length. Effects on survival, growth, skeletal development
and body symmetry were analyzed for both substances. Data analysis is ongoing but
preliminary results indicate effects on growth and body symmetry at the highest
concentrabns for both compounds. These results are part of the ANTIVENOM project which

is assessing the effects of antifoulants and VMPs used in the salmon fishing industry in
Norway.

Keywords: aquaculture, veterinary medicines, emamectin benzoate, teflubenzuron, embryo
toxicity
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There is a general assumption tipddstics inthe oceans to a largextent will end upin
sediments.This study aimed to clarify whethersedimentdwelling organisns at different
trophic levels will accumulate micrdpstics (MPs) and also whether the presence of
microplastcs will affectthe species compositiofhe exgriment was condicted using 24
mesocosmiith sediment collected in the outer Oslofjord

Continwus water supply and air pump were supplied to eachmesa@osm througout
stabilization and exposure$he measowmsms werdalivided in four treatment groups addsed
with 1 Pand6 m fluorescent polystyrene beadswell asbeach plastics from th&driatic
Sea (00200 P). Fluorescentmicroscopywould reveal accumulateffuorescentMPs in
tissues, while tissue analysis using dissection could dteach plastics them.

Following termination, sediment core samplewsere taken for microfauna and meofauna
analysis The renaining sedimenin the boxeswas sievedin cold seawateto extract all
visible organismsTheextracted organisms wekeptin contairers wth seavateron ice.

Samples werdept at 2°C to keep them alive untilurther analysisand the sediment for
barcoding were keptin freezer(-80°C). Fluorescene microscopyalong with dissections

used tovisually identify and semiquantitatively asses®IP accumulation in organismat

different trophic levels Preliminary results indae that organisms in meiofauna viea
accumulated micrdastics.
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Occurrence of per - and polyfluoroalkyl substances (PFAS) in Norwegian grey
seals
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The genetically isolated population gfey sealsHalichoerus grypusin Mid-Norway has
declined over the last 20 years, without any specific causes being identified. In contrast, other
grey sealpopulations in the Nortast Atlantic, including the Baltic Sea, are increasing in
numbes. As atop predator, the grey seal can be vulnerable to low concentrations of organic
contaminantsespecially grey seal pups which undergo a fasting periodafter being weaned
I[URP P RW K HRé#S ahdPoblludroalkyl substances (PFAS) have been showibeo
bioaccumulative and associated with immunotoxic effédtseover PFAS have been shown
to undergo efficienin-uterotransfer from mother to offspring in pinnipedasmarom 153
grey sealspups collected over &8year period(1992 1993 2000, 2005 an@020 was
analysed fo6 PFAS using a rapid HybridSPEextraction technique followed by ultregh
performance liquid chromatography tandem mass spectromad®l(O-MS/MS) analysisA

total of 12 different PFAS were quantified in plasméth a detection rate above 50%
&RQFHQWUDWLRQV Rgre@9ehfpup Bgsprtr wer® in the range 252 - 509.5
ng/mL with perfluorooctane sulfonic aci@PFOS, Perfluorohexane sulfonatePKixS),
perfluoraundeconoic acidRFUnA) andPerfluorotridecanoic aci(PFTriDA) as the dominant
PFAS with median concentration$ 112.9,9.5, 2,6 and 3.1 ng/mL, respectivelylncreasing
concentratios were observed between 1992 to 2005 whighest medianconcentration
observedor perfluoroalkane sulfonic aciq®FSAgS and perfluorocarboxylic acid¢PFCAS)

in 2000and2005 respectivelyWhile the majority of PFAS showed a downward trend between
2005 and 2020, some remained stabléncluding: perfluorononanoic acid PFNA),
perfluorotetradecanoic acidPFTDA), perfluoropentane sulfonic acidPFPe$ and
perfluoroethylcyclohexane sulfonafeFECHS). This can bedue to their continoususe and
releasento the environmentPFAS profilesn grey seal pupappearsimilarto thoseobserved

in other pinniped however,plasmaPFOS concentratiagnin this studywere higher than
observed in otheseals To our knowledge, this is the first study to quanBfyECHSIn seal
plasma



A comparison of the effect of terrestrial and aquatic dissolved organic matter
on uptake rates of Teflubenzuron in mussels (M. edulis ) and ascidians ( C.
intestinalis )!

Sabrina SchultZé, Hilde K. Langvé, Nina Knudtzof, Jan Thomas RundbergeMarios
Chatzigeorgiot} Steven J. BrooRsAmanda PosteDag O. HessénAnders Ruus?, Tom Anderseh
Katrine Borg@&

1University of Oslo
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Coastal darkening events have been described in several recent studies for both Europt
North AmericaThese darkening events can be traced back to increased inpudeniularly larger
and darker terrestrially derived (allochthonous) dissolved organic matter (DOM) into coa
areas previously dominated by autochthonous DOM, which is lighter and molecularly sn

Allochthonous DOM is overall comprised of larger molecules and strong amphipathic
properties and thus has a more favorable adsorption ffiafiipophilic contaminants. It was

shown in previous studies that the presence of terrestrial DOM leads to reduced concer
of contaminants in the open water column and less uptake directly from the water
(bioconcentration), thus indicating that some contaminants adsorb well to allochthonous
DOM. However, the very same properties may lead to an increased contaminant uptake
feeding processes, especially in filter feeding organisms, and may subsequently increas
concentrations in apex predators through food web biomagnification. This may however
depend on the type of filtration mechanism.

To test our hypothesis with two mechanistically different filtration types (cirri-trapping vs.
mucus feeding), we exposed musskigt{lus eduli3 and later ascidian€{ona intestinali¥

to Teflubenzuron under four different DOM conditions in a factorial design that was
comprised of 24 aquaria. Teflubenzuron is a lipophilic (leg/¥5.39) veterinary drug
commonly used in aquaculture against sea lice infestations. The different DOM types us
include DOM derived from phytoplankton (autochthonous DOM), DOM derived from fore
leaves (allochthonous DOM), a mix of the two (mix DOM), and seawater with low naturg
background DOM as control. All seawater was filtered to 0.2 um before potential DOM
addition.

Results showed that in both experiments higher in tissue concentrations were reached t
DOM treatment than in seawater only treatment, although with large uncertainties. How:
contrary to expectation, higher concentrations were reached in both taxa in the autochtt
DOM and mix DOM treatments than the allochthonous DOM treatment.



Can age and synchronization affect Daphnia magna ecotoxicity testing of

substances interfering with endocrine processes ?
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Acute adverse effects of chemicals on aquatic invertebaiedesgssessed using the
standardized@ECD Daphnia spacute immobilization testt stipulates an exposure period of
48h andrequiresthe use ofess than 24h olBaphnia spneonaés However Jethal effects
induced by endocrine disrupting chemicals (EDCsjarnpound interferirg with endocrine
controlled processdhat affect moltingnightonly become apparent during or after molting
of the organismDue to the periodical mare of moltingthe absolute agas well as the
synchronization of animals might be important factorgeroutcome of toxicity tests.

We illustrate thigssuewith the example ofeflubenzuronan arthropodyrowth regulatar

from thecompoundclass of benzoylphenyluae As teflubenzuron interferes withitin
synthesisan endocrine controlled procdsst occurgeriodicallyand is essential for
completion of moltingwe hypothesized thageand synchronization windoare
determining facta for the sensitivityof neonataDaphniamagnato thecompound.

Therefore weexposedD. magnaneonates of different agerd synchronizatiorwindows (G

4h, 48 h, 812h, 012h and €24h) to different concentrations of teflutmuron 0.512! g/L)

for 48h and monitored molting arslirvival after 24, 36 and 4&f exposure

Our resultgevealedhatyounger D. magnaneonatesre more sensitive to teflubenzuron than
older onedor both endpointsFurther,narrower synchronizatiorwindows(e.g. 612h)led to
asignificantincreasen susceptibity to teflubenzurortompared t@nimals synchronized
according tahe OECDDaphnia spacute immobilization tegjuideline

Together, ar resultsdemonstrate thienportance okynchronizationn acuteD. magna
toxicity testswith substances interfering with chitin synthe€sir results might have
implications inthe developnentand refinemenof testing strategies f@ubstances interfering
with chitin synthesis in arthropods
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Modelling the influence of climate change on contaminant exposure in three
key seabird species in the European Arctic
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The combined impact of climate change and exposure tamamants on Arctic seabirds
remains poorly understood. A mechanistic understanding of the link between persistent
organic pollutant (POP) emissions and exposure in seabirds seems vital to advance our
knowledge in light of climate projections. The oveddijective of this study is to develop and
evaluate a bioaccumulation model and utilize it to predict the impact of climate scenarios on
the POP exposure in Arctic seabirds.

For this purpose, we further developed the Nested Exposure Model (NEM), a dynamic
gpatially resolved environmental fate and bioaccumulation model that simulates the link
between contaminant emissions and exposure in Arctic species. Here, NEM is expanded to
include three marine seabird species with contrasting feeding ecology: the [éeadic
legged kittiwake (Rissa tridactyla), the omnivorous scavenging glaucous gull (Larus
hyperboreus) and the bentieeding common eider (Somateria mollissima).

While NEM already accommodates pelagic species that are key prey for thdebigeé
kittiwake and glaucous gull, the model was expanded to now also include benthic species that
are key prey of the common eider. All seabird species were parameterized based on detailed
ecological data, including seasonal lipid dynamics, energy needs and reedthetavior.

To evaluate the model, global historical emission inventories and physicochemical properties
of polychlorinated biphenyl (PGB 153 are used to predict its concentrations in the three
seabird species from 19362050. Predicted concentrat®mre then compared to empirical

time series of PCHA53 concentrations in the study species sampled in Kongsfjorden,
Svalbard.

An overview of the NEM model framework, parameterization, and preliminary evaluation
will be presented. The model will be used nwechanistically understand and predict
contaminant exposure in the study seabirds in different future climate scenarios, e.g. changing
primary emissions, changes in the physical environment, or changes in dietary preferences or
availability. Ultimately, his study will expand our understanding of the impact of climate
change on longange transported contaminants in Arctic seabirds



Morphology of tunnelling particles was not affected by geochemical occurrence,
although were more elongated and fibrous than natural eroded particles
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Globdly, road and tunnel networks aegpanding to maintain a functioningfriastructure In
addtion to its benefits for soci@conomic developmenthe production of roads and tunnels
release variougontaminants including particles to surroundingecosystens potentially
causingenvironmentahazardsParticles released into nature from drilling and blasting during
tunnel construction (tunnelling particles) are assumed to dawerphologyi) dependent on
geochemical occurrence, anigl different fom natual eroded particles and iii) due the
difference in morphologyhypothesizedand on many occasions assumed, to cause greater
mechanically abrasion to aquatic biota than natural particles. Howevergéoshemical
properties affectsmorphology and how tunnding paticles differ from naturally eroded
particles andhe potential toxicity, are poorly studied.

The objectives of the current study were to investigate how mineral and element occurrence
affected mophology of tunnelling particles collected from riaus tunnellig locations
around Norway Furthermore,examineif tunnelling and naturally eroded particles were
morphologically different.Natural eroded particles were collected fromwer water and a
stream bed in Norway, unaffected by constructelaed work.Different methods wereused

to characterize geochemical occurrence of particles, including inductively coupled plasma
massspectrometry (ICRMS), energy dispsive X-ray (EDX) and Xray diffraction (XRD)

Size and morphologywere determined usingeving, coulter counter, microscopy (stereo
microscope and scanning electron microscopy), and dynamic image analysis (DIA)

In the presenstudy, despite different mineral and element occurrence between locations,
tunnelling particles §1-91% <63 m) were morphologically similar. Mineral, nor element
occurrences, explained the morphological variation of tunnelling partidies.sliggestshiat
drilling and blasting activities are more influential of morphology than minerology.
Furthermore,tunnelling paicles were more elongated and fibro{(86%) than naturally
eroded particles, howeveadsimilar angulaity. Thus, f elongation andibers causegreater
abrasion this could suggesthat tunneling particlesaremore harmful to biota than naturally
erodel particles However, more research is needed on this topic, inclusampleswith
greaterdifferencesof minerology natural eroded particles frometlsame underlying geology
and various marmack particles and an effort should be made to investigate whni
instruments, methadand standards are amendatdeuse for particles from road and tunnel
production.



Plastic associated chemicals in an endangered raptor species Cinereous
vulture (Aegypius Monachus) in Spain
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Plasticis apersistert pollutantthat can be found everywhefasticcanharm wildlife in
many wayseitherdirectly by entanglemerdr indirectlythrough ingestiomndby leaching
plasticasseiatedchemicals Contributing to thigollution arelandfills wheretrash & coverel
with soil but still avéable to wildlife. Seveal wildlife speciedeedon the or@nic wasten
the landills, among them the endanger@ohereous vulturéAegypius Monachyswhich are
thereforeexposedo the gasticadhered to the organic wasln this study, waimed to
analyze plastic associated eheals(bisphenols antlVV benzophenonésn blood from
vulturechicksthat have beeaxposed to plastic by diet. In addition, esaluated
corticosterone levels feathersas a proxy of stresdatusand we studied the relationship
with chemicalconcentréions. During the breeding season 202% sampled blood ardbwn
feathers fron®2 wilture chicks froma populationin Madrid, Sain These chicksvere fed by
adultsthathad repeatedlybeenobseved to feedplasticin a nearlg landfill. In addition, we
monitoredchick developnentalparametersuch aatchingandfledgingdate durationof
chick developmenas wel ashatchingweight and we investigate@thether these paramete
are affected byisphenolsandUV benzophenoneasnd have aelationship withcorticosterone
leves. The results of thisngoingstudywill be presented at the conferenBg.performing
this study, weprovide new information of how plastiand associated cherais affectan
endangered birdpecies.
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Besides thephysical characteristicof plastic particlessuch as size@r shape the chemical
compositionof the plasticparticlecancontributeto itstoxicity. Plastcsare chemically highly
complex productsFor instance, more than D00 substances are intentionally used in the
production of plastic¢e.g., plasticizers, antioxidantahd even more neimtentionally added
substances (e.g., reaction byproducts, impurities) are associated withVitingisn.there is
abundant scientific eslence that some chemicals used in plassach as bisphenoknd
phthalatesare endocrine disrup®ilittle is known about the composition and the toxicity of
these complex mixtures @hemical Therefore this study aims at characterizing both using
plastic food contact articles (FCA) as relevant sourcegxgfosureto humans and the
environment Thirty-nine plastic FCAscovering the seven polymer types with the highest
globalwasteshare were extracted and analyzed with reporter gene assays fof awsdear
receptorsrelevant for human healthncluding pregnane X receptor XR), peroxisome
SUROLIHUDWRU UHFHSWRU JDPPD 33%5 HVWURJHQ UHFH:
(AR). Further, these plastic extracts were analyzed usingtarget gh-resolution mass
spectrometry to quantify the number of chemical features tanthtively identify the
chemicals present in the FCAs. The chemicals extracted from 36 out of 39 FCAs activated or
inhibited one or more receptors with activities up to 100% of the respeetieeence
compoundsThe PXR was activated by 36y KH 33 $Z, WK H (518 &mples, while
the AR was inhibited by 14 of 39 samplés total, we detectedt16 000unique chemical
features with the number of features per sample ranging from B7,@00. Only ¥% of the
chemical features were tentatively idemifiusing spectral libraries aind silico tools. This
research highlights the importance of analyzing whole mixtangscontributes to improve
our understanding of plastics as a source of exposure to endocrine disrupting chemicals.

We submitted aimilar version of this abstract to ti 8= TAC EU2022 conference
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Reproductive development in polar cod ( Boreogadus saida ) exposed to crude
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Polar cod Boreogadus saida a key arctic fish species, spawns during the polar night and
may experience lower fooavailability during this periodDue to theharsh environmental
conditionsduring the polar night, themmay be an increased risk of oil spills from industrial
activities Little is known about the impacts of crude oil exposure durBRlRODU FRGTV
spawningperiod and how lower food availability may furthénpact their sensitivity to oil
exposureln the present study, wiHdaught polar cod were exposed to crude(Adueous
concentrationgotal PAH, ™ PAHSs; Ji/ to Ji/) or control conditias (no

oil) from prespawning to posspawning.Both oilexposed and control groups were further
subdivided into low and higfood rations to assess the combined effect of oil exposure and
food availability.Samples were taken at three thp@nts (prespavning, spawning window,

and postspawning) and used to evaluate changes in reproductive end@nirggposure was
associated with the induction of hepatic biotransformation in both sexes, shown by
increasectyplagene expression and PAH metabolit€be second sample taken indicated
spawning was advanced for -ekposed femaledAt this time, 90% of oHexposed females

had already spawned compared to 56% of the control femilessover, there was a
significant change in hepatic gene expression, incluthegdifferential regulation of 947
hepatic genes in eéxposed females. In males, oil exposure did not cause significant changes
in the reproductive endpoints measured. In addition, food ration did not consistently affect
polar cods“response to oil exgure for the endpoints measured. These results indicate that
crude oil exposure over polar cod«s spawning period may affect female polar cod through the
timing of spawning and the expression of genes involved in reproductive develophment.
variations okerved between male and female polar cod could indicate gpseKic response

to oil exposure during the period of reproductive development examieerall, our
ILQGLQJYV VXJIJHVW WKDW SRODU FRGYV VSDZQLQJISHULRG
exposure.
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Mineral demand drives ancrease in mining activity worldwiddeposition of mine tailing
in fjords aresome placesonsidered an alternative to traditionahd-baseddeposition The
associated eleaseof particles and chemicalmay posea potential lireat to marine life
surroundingdeposition sites.

In this studyCalanusfinmarchicusstageCV wereexposed for 96 {10 ¢ ) to pure calcium
carbonate particlem low and highconcentations andcdcium cabonate mine tailingsand
copper tailingsin low, medium and high concentratignsith five replicatesper group. h
addition five replicates otontrol (cleanseawater wth food) and starved conbl (cleansea
waterwith no food added wereincluded After 96 h, respiraton measurementandbiometry
imageswere taken as well as sampldsr metabolomicanalysiscollecte.

Respirationratesin animals fromlow exposureswvere higher than respiration rates ithe
control group, while medium and tigexposuregienerallyexhibited lower respirationrates
compared to controlMoreover, he lowest respiration rates were found in animals from the
starved control.

Biometric analysis showed a significadifferencein lipid sac areawith animat from the
control grouphavng the largest lipid resve Results furtherevealedthat animals from the
starved controlJow and high calciuntarbonate tailing groups and the higtre calcium
particle group differed significantly frotte control.

The global meabdic profiling resultsreveaéd changes across broadrange ofpathways,
including mechanisms linked tenergy metabolismand growth One of the most striking
changesccurredin the glutathionepathway which is highly consistent with previos work
demonstratingthe role of ROSReactive Oxygen Species)and reda imbalance instaned
animals

Our resultsshow thatC. finmarchicusstageCV are affectedby shortterm exposurgo mine
tailings and thatingestion oftailing particlesimpair metabolism and induce a response that
resemble starvation.
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Abstract
Knowledge of how single chemicals and their complex mixtures affect organisms and how
these perturbations translate into adverse effects, is continuously increasing due to extensive
bioassay testing activity. However, generation of such effect data, typicallgdsshys
ranging from classical (eco)toxicological tests to New Approach Methodologies (NAMS), is
rapidly generating disparate data sets that are not easily integrated. Effortstehrdata
using Adverse Outcome Pathways (AOP) facilitate such irtiegraand develomentof
guantitative evaluations fanoremechanistically informed hazard and risk assessment are
thus highly warranted. Integration of AOP knowledge, quantitation of the event relationships
across the AOP continuum (quantitative AOPsYyettepingin vitro to In Vivo Extrapolations
(IVIVE) and interpretation of these in terms of ecological exposure relevance are thus
quickly becoming a bottleneck for successful use of an ever increasing amount of data. This
applies in particular to the transition from single chemasalessment to cumulative hazard
&+$ DQG FXPXODWLYH ULVN &5% DVVHVVPHQWYV RI 3UHDO

high degree of complexity reigns and standardised approaches are still lacking

The present work aim to demonstrate how a Selice®utcome Pathway
(STOP) framework, taking advantage of the Aggregated Exposure Pathway (AEP) to address
complex exposures and AOPs to provide wemfhevidencebased definition of causal
relationships between stressors and adverse outcomes can be suppbigxieGeneration
Risk Assessment (NGRA). The chosen approach takes advantage of the AOP knowledgebase
to identify relevant AOPs for a given exposure scenario and use this to select relevant
bioassays and toxicity data from different levels of biologicghnisation for subsequent use
in hazard and risk assessment. A case study representing typical assemblies of priority
pollutants and compounds of emerging concern was used to demonstrate the utility of the
approach anslisulalisehow an eneluser friendly Graphical &er Interfac€GUI), the Source
to Outcome Predictor (STGBUI) can be useth NGRA.
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Abstract
Oslo, the capital of Norway, is situated by the Inner Oslofjord. The fjord is affected by mu-
nicipal discharges, industry and boats/ships. Furthermore, various environmental contami-
nants enter the fjord by rivers and streams, and through stormwater. Thgoosrof the In-
ner Oslofjord have been monitored by several different monitoring programs, and data for
concentrations of a wide range of contaminants have been reported in biota, water and sedi-
ment samples. The objective of the present study was t&u3&VD JDWKHUHG WKURXJK
IMRUG” PRQLWRULQJ SURJUDPPH DGPLQLVWHUHG E\ WKH 1
ried out by NIVA) to perform a retrospective cumulative environmental risk assessment
(CRA), identify species groups of highest risk faxitological effects and identify the main
contributing stressors to the predicted environmental risk.

38 UE D Q -didMaRrdrs 2016 was imported into the NIVA Risk Assessment database
(NIVA RAdDb, www.niva.no/radb). Concentrations in stormwater were us@eiform a ret-
rospective CRA for different species groups (taxa) including molluscs, algae, invertebrates,
worms, crustaceans, and fish. Effect data for the pollutants were compiled by, and processed
in, NIVA RAdb. NIVA RAdb was used to calculate cumwatirisk quotients (CRQ) for the
different species groups for acute and chronic effects. Metals were in most cases the main
contributors to the CRQ in fish, crustaceans and molluscs, and molluscs was the taxon with
the highest CRQ for chronic effects. Thedy showedhhat there is a predicted risk for bio-
logical effects in organisms exposed to stormwater entering the Inner Osl|Gfporitolled
acute exposure studies with a synthetic ecologically relevant mixture of 12 pollutants verified
CRA predictions irthe marine copepotiisbe battagliai
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Abstract
Kaldvellfjorden is located in the Lillesand area situated near the border of the Skagerrak Rift
south in Norway and the fjord are impacted by acid rock drainage (ARD) due to construction
work in the nearby sulfidbearing bedrock€xposure of rock surfaces to air and
precipitation have occurred over a long time, however the oxidation of the rock increased
especially after the E18 road construction in 2006 and 2008, when also three large landfills of
waste rock material were constted. Especially landfill close to Kaldvellfjorden has
contributed to high ARD and one treatment plant has been constructed to reduce the metal
concentration in the ARD.

Trace elements monitored in the fjord was subjected to a comploased
Cumulative Risk Assessment (CRA) using the NIVA Risk Assessment database (NIVA
RAdb, www.niva.no/radb) to predict sigpecific impacts. The resulting CRA demonstrated
that fish hadhe highest risk (i.e. risk quotient) for acute effects in Kaldvellfjord, followed by
molluscs and algae. For fish several elements were estimated to contribute significantly to the
acute risk and in the following order Fe>Zn>Cu>Cd. Analyses of gills afccadjantic
Salmon smolt exposed to the fjordwater showed significant accumulation of several of the
elements identified to cause risk, but also accumulation of other elements not identified to
cause risk due to lack of toxicity data for marine organidihe.observed data suggest that
several of the trace metals including rear earth elements contribute to risk in Kaldvellfjord,
and studies combining computational and experimental efforts presented herein may provide
complementary information to impact ass@ents of complex exposure scenarios.
Controlled acute exposure studies with a synthetic ecologically relevant mixture of 12
pollutants verified CRA predictions in the marine copepmie battagliai
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Abstract

S¢rfjorden is located at the south west coast of Norway and is a freshwater influenced,
protected fjord. The area has a long industrial history, with metal industries that started in the
early 1900s being the main one. Peak emissions of approx. 1 tomapfryned 835 tonnes of

zinc, 773 tonnes of lead, and 24 tonnes of cadmium occurred in 1985. The condition of
S¢rfjorden have been monitored by several monitoring programs measuring concentrations of
a wide range of contaminants (incl. metals) in biota, matel/or sediment samples [1,2].

The objective of the present study was to use historical monitoring data to perform a
retrospective cumulative environmental risk assessment (CRA), identify species groups (taxa)
of highest risk for toxicological effects @mdentify the main contributing stressors to the
predicted environmental risk.

Monitoring data from 2015 were imported to the NIVA Risk Assessment
database (NIVA RAdb, www.niva.no/radb). Water concentrations of pollutants were used to
perform a retrospéive CRA for different species groups (taxa) including molluscs, algae,
invertebrates, worms, crustaceans, and fish. Effect data for the pollutants were compiled by,
and processed in, NIVA RAdb. NIVA RAdb was used to calculate cumulative risk quotients
(CRQ) for the different species groups for acute and chronic effects. Fish had the highest
CRQ for acute effects, whereas molluscs had the highest CRQ for chronic effects. For both
species groups, Zn and Cu were in most cases the main contributors to thEheRQ.
predictionsdemonstrateg@redicted risk for biological effects in organisms in S¢ rfjorden due
to waterborne exposure to pollutant mixtur€ontrolledacuteexposurestudieswith a
syntheticecologically relevaninixture of metals verified CRA predions in the marine
copepodrisbe battagliai
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TheArctic environments facingevidert changesuch asemperature increase and consequent
rapid decline in the sea ice. d¢e conditionswill favour the development of industrial
activities e.g, oil andgas explorationaquaculturend tourism thatcollectivelywill increase
expected pollutiommissiamsto theArctic. In order toassess thpotentialenvironmentatisks
from the anticipated industrial development in the Aratiew methods and approaches that
elucidatethe pollution pathway from theenvironmentalemission toimpact onbiota are
urgentlyneecd The EXPECT projectwill developin silico, in vitro andin vivo approaches
for an integratedssessentof Arctic pollutiononrelevantmarineorganisns and populatioa

A combination of experimental and computatiomedthodswill be used to develofource
To-OutcomePathways (STORs) that describe thecausal sourcexposureeffectimpact
relationships for pollutants and their mixturéle primary objectie is to charactese the most
relevant Arctic STOPd0 supportCumulative Risk Assessmen{CRA) and sustainable
management of existing and future industrial and anthropogeaticities in the Arctic.
EXPECTis a 4 y projectthatincludes researctgroupsfrom Norway (NIVA, Akvaplanniva
and SINTEPF), UK (Newcastle University) and USA (Clemsomidersity). Specific work
packages includel) development ofAggregated Exposure Pathway&EP) for linking
betweenemission sourceto internal exposurein organisms 2) development ofAdverse
Outcome Pathway@OPs) for identifying priority toxicity drivers, endpoints anslisceptible
taxa 3) hazardassessmentsf single pollutants and their mixtured) development and
evaluation oSTORiInformedCRA. The autcomesf EXPECTareanticipated to support more
mechanisticallyinformedenvironmentahealth assessment aminagement
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project proposalThe project iSunded by the Research Council of Norwayofect #315969
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Anthropogenic dischargeof environmental pollutants likelastic litter persistent organic
pollutants and heavy metalsan have detrimental effects on the aquatic ecosystem
Nanoplastichaverecentlybeenidentifiedasubiquitous environmental pollutasdffectingthe
growth anddevelopmenbf living organismsThese particleésize<100 nn) canact as vectors
by adsorbing persistent organic pollutants like P@BEDDT leading to increased toxicity
The primary byproduct of DDT isS ®PE (2,2his(4-chlorophenyh1,1-dichloroethylene).
AlthoughDDT has been banned for use sitioe 1,\ts metaboliteS IPE is still found
at low levelsn aquafeed and fillet darmed Atlantic salmon and rainbow troliherefore, the
aim of this study was to investigate the individual and combined toxicological effects of
polystyrene nanoplastics (P53V VL]H QP P J DE (DOQ Qy/NSusty
zebrafishas a modelOur studyincluded waterborne exposure of zebrafish embryas 4
treatmentombinatios: a control group,S ®PDE group,PSNP group andPSNP+S BDE
groupat environmentally relevant concentratioddée found nasignificant mortality in any of
the reatmentgroups However,significant developmental deformities like pericardial edema,
reduced yolk resorption and lordogisre inducedn larvae exposed {o,p §DDE andPSNPs

S -PPE. Furthermorecardiac deformities like cardiac ballooning and slow heartwvate
observedn larvae exposed t& SODE andPSNPs S -PPDE. A significantincreasen
oxygen consumption rat@as seenn larvae exposed téSNPs S -SJDE. Locomotor
behaviour assessmeot parameters such aglocity, distance movednovement and stasis
also showed a significant differencmly in larvae exposed tthe PS 13V SDBE
combinationin conclusion, R XU VW XG\ VKRZV WKDW FRBEdAnQPENP$H[SRV XU
has a significantlynoredetrimentaimpactonthezebrafish larvae compared to wlibe larvae
are exposed to the pollutarsisparately
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Due to climate change (CC), rising ocean awmdifon (OA) by increased dissolution of
atmospheric CO2 is impacting marine life and ecosystems. Additionally, changes in ultraviolet
B (UVB) radiation may directly or indirectly affect marine organisms. However, the responses
to climate change are stippoorly understood in many marine species, especially when
considering multiple stressors that may act in combination. To better assess the effects of
climate change on aquatic organisms, a labordiased, highhroughput and micrgcale

sized exposure syem (the MicroClimate Screen, MCS) were developed to simulate CC and
multiple stressor effects in marine microbiota. The exposure system consisted of a micro
climate unit and a lighéxposure unit, enabling accurate regulation of pCO2, temperature, UVR
ard photosynthetic active radiation (PAR). After demonstrating the utility of the rolcnaite
exposure system by a standardized Skeletonema pseudocostatum growth test, a 72h multiple
stressors exposure with a single UVB irradiance (0.5 ¥y amd differentCO2 levels (350,

500, 1000 ppm) was conducted to characterize the interactions of these fundamental stressors
at multiple levels of biological organization (i.e. oxidative stress, photosynthesis, pigments,
oxidative phosphorylation (OXPHOS), and growit)e results demonstrated that the exposure
system successfully simulated ocean acidification, and could maintain stable temperature and
light (UVB+PAR) conditions. 72h exposure to elevated CO2 enhanced photosynthesis
performance and growth of S. pseudoatgn, but had no significant effects on oxidative stress
and OPXHOS. UVB induced significant oxidative stress, and suppressed photosynthesis,
OXPHOS and growth. When exposed in combination, interactions observed as antagonism
were observed in pigment chasy while neenhancement effects (no interaction or additive)
were observed in other endpoints. The results suggested that OA and UVB may have target
specific and irradianedependent effects in diatoms. Future work will focus on deploying the
MCS system p a larger array of phytoplankton and abiotic stressors related to pollution and
CC exposure scenarios

Acknowledgementdhis study was supported by the NonagMinistry of the Environment
through the Norwegian Institute for Water Research basic fundingp{®tam on Ocean
Acidification), and funding from the Research Council of Norway through the Centres of
Excellence (CoE) funding scheme, project numbe3283, and the NIVA Computational
Toxicology Program, NCTP (www.niva.no/nctp).



Development of an Autonomous Microplastics S ampler for repeatable and
scalable micro plastics sampling in surface waters

Zolich, A. Pt andFaltynkova A.Y", Wagner, M%, Johnsen, G& Johansen, T.A

*lead presenter
landrea.faltynkova@ntnu.ndorwegian Uriversity of Science and Technolpgrrondheim
Norway

Microplastics(MP) samplingin surface waters, botineshand maine, is a important part of
environmentatesearch focusingroplastic pollutionTypically surface water trawls are taken
with a net towed éhinda boat with demands both persoel and access to vesséhas
increasing cosfThis work presentsaan autonomous unmanned surface vehicle (USV) for the
purpose of collecting MP in diace waers. The prototype is equippedwith electric
propulsion and autpilot features,meaningit does not require c@tant supeafision by
researcherResearchers caperatehe vehicle directly fronshore or a large research vessel,
precluding theneed for asmall, motorizedvessel for towingThe vehicle isdesignedo be
simple to use and relatively inexpensise that esearchers can deplayultiple units to
surveylarger areashan posdile with a sigle boat and neandto enablethe simultaneous
collection of replicatesThe unit is also equippewith a custoncod-end made from stainless
steel to reduce contamination and facilita@mple treament andprocessing.The first
prototype of the USV has beéield tested in two locations (Hap(EgerSletvik field station
and MausundNorway) and has demonstrated sassful collection oMP samplesThe USV

can make MP sampling in surface waters more scalabledditian to decreasg costs
associated with power vesselsr foesearch supportWe believe theaubnomous USV
developecherepresents a mode approach to MP sampling, which has up to now relied on
adaping equipmentrom otherdisciplines such as marine biology and oceanography.



