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Norwegian Environmental Toxicology Symposium 
 
 
The biannual NETS symposium series is one of the primary arenas where the 
Norwegian scientific communities within eco- and environmental toxicology gather and 
discuss environmental issues. NETS is an interdisciplinary symposium with focus on 
research-based solutions to solve challenges related to protection of the environment, 
and in particular increasing knowledge on how anthropogenic stressors affect 
ecosystems alone and in combination with other stressors, including climate change. 
 
The overarching topic for NETS 2020 is the health of our oceans. Aquatic environments 
act as a major sink for anthropogenic waste, and each year millions of tons of trash and 
other pollutants enter the ocean. Alarmingly, coastal and marine environments harbor 
vulnerable ecosystems that are among the most threatened ones in our world today. 
Other major challenges in modern society is linked to energy use and climate. Climate-
induced changes in oceanographic parameters, including increased temperatures and 
ocean acidification, may also affect the environmental fate of pollutants, as well as how 
organisms, and ecosystems, respond to contaminants when they must cope with multi-
stress situations. The health of our oceans is of high societal concern and strongly linked 
to the Sustainable Development Goals adopted recently by the UN, which includes 
climate, oceanic and coastal matters. Furthermore, the UN proclaimed the Decade of 
Ocean Science for Sustainable Development (2021-2030), urging a better 
understanding of ocean stressors. Thus, the 8th NETS conference, targeting 
environmental concerns and ocean health, is perfectly aligned with these initiatives, and 
is one important mean for increasing our knowledge for future protection of invaluable 
ecosystem services that our modern society rely upon.  
 
Due to the ongoing Covid-19 pandemic, the 8th Norwegian Environmental Toxicology 
Symposium will be arranged digitally November 4-5, 2020. DIGITAL NETS 2020 follows 
in the successful path of seven previous meetings in Oslo (2004), Trondheim (2008), 
Bergen (2010), Tromsø (2012), Stavanger (2014), Oslo (2016) and Longyearbyen 
(2018). 
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Practical information 

The digital conference venue 
 
Digital NETS2020 will take place at the social platform Gather. 
Link: https://gather.town/app/hwBa7M9BTRJ7WPNl/DigitalNETS2020  
 
Gather in short: 
- Open link in Google chrome or Firefox 
- Sign in with your full name (first and last) 
- Move around using arrows 
- Socialize 
- Interact with Zoom webinar and posters by pressing x 

For more features, see: 
https://docs.google.com/document/d/1kngaWIQSHlSOfNq6S2s9Sly_o6GvLMmkxcpv4A
vuMrc/pub  
 
Map of the digital space:  
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Zoom webinar 
 
The keynote and platform presentations will be held in a Zoom webinar. “Hosts” and 
“Panelists” are able to share video and sound, whereas the rest of the “Attendees” are 
muted. 
 
Some of the presentations will be recorded for educational purposes. This will not 
happen unless the presenter has approved by filling out the decleration of consent in 
advance. 
 
 
For presenters: 
- Make sure that your full name is visible.  

- If you need to change it: Settings -> Profile -> Edit my profile 
- We prefer that you use your own computer and share screen 
- Remember to share desktop (not window) 
- If you want to, we can run a presentation test before the symposium, or in the 

break between sessions 
- Please practice to ensure that your presentation is kept within the given 

timeframe (10 + 2 min) 

 
 
How to ask questions: 
- Write your questions in the Q&A chat box 
- Raise your hand, and we will allow you to speak or promote you to panelist 

 
 
 
 
Poster session 
 
 
Poster session will be held in the Gather digital space – Poster room,  
Thursday November 5th 11:00-13:00. 
 
The posters are uploaded to the poster wall in the Gather poster room corresponding to 
the number assigned in this abstract book. The coloured circles around the posters 
shows that each have their own “private space”, where the poster presenter can interact 
with attendees. 
 
We ask the poster presenters to stay in the poster area during the poster session and be 
available for questions.  



Program 

Wednesday November 4th                 
                   
Welcome and practical information                 
                   
08:45-09:00  O. A. Karlsen, M. Eide UiB               

                   
Session 1: Plastic pollution: Fate and impacts from nano to macro, Chair: Bjørn Einar Grøsvik           
                   
09:00-09:30 Keynote Martin Wagner NTNU PLASTIC POLLUTION: FATE AND IMPACTS FROM MACRO TO PICO         

09:30-09:42  Tanja Kögel IMR/UiB UNCERTAINTIES IN MICROPLASTIC ANALYSIS IN SEAFOOD – TOXICOLOGICAL IMPLICATIONS AND CHALLENGES     

09:42-09:54  Ingrid H. Søbstad IMR/UiO NILE RED AND POLARISED LIGHT FOR VISUALIZATION OF MICROPLASTICS IN MUSSELS (MYTILUS SPP.)     

09:54-10:06  Isabel S. A. García NU MICROPLASTIC UPTAKE BY IMMUNE CELLS OF ATLANTIC SALMON         

                   

10:06-10:40 Break                  

                   

Session 2: Combined toxicity and multiple stressors / Interactions between pollutants and climate change, Chair: Bjørn Munro Jensen       
                   
10:40-11:10 Keynote Malin Celander UoG COMBINED TOXICITY AND MULTIPLE STRESSORS – TOXICOKINETIC INTERACTIONS ON FISH BIOMARKERS     

11:10-11:22  Jannicke Moe NIVA 
EFFECTS OF SALMON LICE TREATMENT (H2O2) ON SHRIMP: COMBINED EXPOSURE, EFFECT AND  
POPULATION MODELLING    

11:22-11:34  Linn H. Svendheim NU EFFECTS OF MARINE TAILING EXPOSURE ON THE DEVELOPMENT OF CALANUS FINMARCHICUS      

11:34-11:46  Anjali Gopakumar UiO INTERSPECIFIC AND SPATIAL VARIABILITY OF MERCURY IN FISHES IN THE BARENTS SEA, DURING THE POLAR NIGHT    

11:46-11:58  Heidi S. Konestabo UiO HOW DOES A WIDELY USED NEONICOTINOID AFFECT THE SOIL FAUNA UNDER NATURAL FIELD CONDITIONS?      

11:58-12:10  Linnea Cervin NRM 
A COMPARATIVE LIFE-HISTORY APPROACH SHEDS NEW LIGHT ON THE EXTINCTION RISK OF  
THE BALTIC HARBOUR PORPOISES   

                   

12:10-13:10 Break/Lunch/Social                 
                   
Session 3: Emerging contaminants, including E-waste, Chairs: Anders Goksøyr and Pål Olsvik           
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13:10-13:40 Keynote Katrine Borgå UiO 

E-WASTE AS A SOURCE TO CONTAMINANTS IN A GROWING ECONOMY, TANZANIA:  
COMBINING NATURAL AND SOCIAL SCIENCE   

13:40-13:52  Maja Nipen UiO SPATIAL TRENDS OF CHLORINATED PARAFFINS AND DECHLORANES IN SOIL AND AIR FROM TANZANIA     

13:52-14:04  Heli Routti                     NPI 
CONCENTRATIONS AND ENDOCRINE DISRUPTIVE POTENTIAL OF EMERGING AND LEGACY  
CONTAMINANTS IN WHALES    

14:04-14:16  Anna Lippold McGill/NPI 
OCCURANCE OF EMERGING BROMINATED FLAME RETARDANTS AND PHOSPHATE ESTERS IN 
MARINE WILDLIFE FROM SVALBARD   

14:16-14:28  Ida B. Øverjordet SINTEF EMERGING POLLUTANTS IN ARCTIC MARINE FAUNA          

                   

14:28-15:00 Break                  
                   

15:00-15:12  Stepan Boitsov IMR EMERGING ORGANIC CONTAMINANTS IN NORWEGIAN MARINE SEDIMENTS: THE MAREANO PROGRAM     

15:12-15:24  Ying Yi                          UiB MYCOTOXIN AND METABOLITE DETERMINATION IN NORWEGIAN FISH FEEDS USING LC-MS/MS INSTRUMENTATION    

15:24-15:36  Sofie Söderström UiB/ IMR 
TRANSCRIPTIONAL CHANGES IN ATLANTIC SALMON PRIMARY HEPATOCYTES INDUCED BY EMERGING  
MYCOTOXINS IN THE FEED   

15:36-15:48  Helene Thorstensen UiO LEGACY AND EMERGING CONTAMINANTS IN RELATION TO ECOLOGICAL NICHE IN TWO URBAN HERRING GULL COLONIES    

                   

15:48-16:10 Break                  
                   

16:10-16:22  Stefania Piarulli SINTEF 
ARE REE EMERGING CONTAMINANTS IN THE NORWEGIAN MARINE ENVIRONMENT? AN INSIGHT TO  
THE ELEMENTARY PROJECT    

16:22-16:34  Julia Farkas SINTEF AN OLD TOPIC OF EMERGING IMPORTANCE: IMPACTS OF MINERAL (MINING) PARTICLES ON EARLY LIFE STAGES OF FISH    

16:34-16:46  Sagnik Sengupta UiO SUBLETHAL TOXICITY OF IMIDACLOPRID TO THE WIDELY-DISTRIBUTED SPRINGTAIL FOLSOMIA QUADRIOCULATA    

                   
16:46- Digital social gathering                               
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Thursday November 5th 
                   
Session 4: Effects of petroleum related contaminants on species and ecosystems, Chairs: Jasmine Nahrgang and Bjørn Henrik Hansen       
                   
08:30-09:00 Keynote Daniel Schlenk UoC 

USE OF MICRO AND MESSENGER RNA SEQUENCING TO IDENTIFY UNIQUE MECHANISMS OF ACTION OF OIL  
IN EARLY LIFE STAGES OF FISH  

09:00-09:12  Carey Donald IMR CRUDE OIL TOXICITY IN FISH EARLY LIFE-STAGES: EFFECT-DIRECTED ANALYSIS REVEALS STRONG MIXTURE EFFECTS     

09:12-09:24  Lisbet Sørensen SINTEF NO INDIVIDUAL COMPOUND CLASS CAN FULLY EXPLAIN THE TOXICITY OF OFFSHORE PRODUCED WATER     

09:24-09:36  Matthieu Dussauze UBO 
CONTRIBUTION TO THE EXPERIMENTAL ASSESSMENT OF BIOLOGICAL IMPACTS OF OIL CHEMICAL  
DISPERSION ON MARINE ARCTIC AREAS    

                   

09:36-10:10 Break                  
                   

10:10-10:22  
Frederike Keitel-
Gröner NORCE 

CHEMICAL DISPERSION INCREASES ADVERSE EFFECTS OF OIL ON NORTHERN SHRIMP PELAGIC  
STAGES AFTER SIX-HOUR EXPOSURE   

10:22-10:34  Leah Strople UiB 
SPAWNING DURING AN OIL SPILL: HOW EXPOSURE TO THE WATER-ACCOMMODATED FRACTION OF  
CRUDE OIL MAY DISRUPT POLAR COD REPRODUCTION 

10:34-10:46  Fekadu Yadetie UiB 
ANTIESTROGENIC EFFECTS OF BENZO[a]PYRENE REVEALED BY TRANSCRIPTOME ANALYSIS  
IN POLAR COD LIVER SLICE CULTURE   

10:46-10:58  Giovanna Monticelli UiS CONNECTING MICROBIOME CHANGES AND FISH METABOLISM IN GUTS OF ORGANISMS EXPOSED TO OIL      

                   

10:58-13:00 
Poster 
session/Social/Lunch                

                   
Session 5: Alternative testing approaches in regulatory toxicology, Chair: Knut Erik Tollefsen           
                   
13:00-13:30 Keynote Adam David Lillicrap NIVA 

DEVELOPMENT OF A BAYESIAN NETWORK MODEL FOR PREDICTING FISH ACUTE TOXICITY FROM FISH  
EMBRYO TOXICITY DATA   

13:30-13:42  You Song                        NIVA 
DE NOVO CONSTRUCTION OF ADVERSE OUTCOME PATHWAY (AOP) NETWORKS USING  
HIGH-THROUGHPUT TESTS AND COMPUTATIONAL APPROACHES  

13:42-13:54  Raoul Wolf NIVA 
A PROBABILITY-BASED APPROACH TO ADRESS UNCERTANTIES OF MIXTURE TOXICITY IN  
ENVIRONMENTAL RISK ASSESSMENT   

13:54:14:06  Jan Heuschele UiO DRIVERS OF COPPER SENSITIVITY IN COPEPODS – A META-ANALYSIS OF LC50s       

14:06-14:18  Ana Almeida NIVA SPECIFIC EFFECTS OF ANTIBIOTIC AZITHROMYCIN TO RAPHIDOCELIS SUBCPITATA       
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14:18-14:50 Break                  
                   
Session 6: Systems biology approaches in environmental toxicology, Chair: Daniela Pampanin           
                   
14:50-15:20 Keynote Nancy Denslow UoF OMICS TECHNOLOGIES AS ENABLERS OF SYSTEMS BIOLOGY IN ENVIRONMENTAL TOXICOLOGY       

15:20-15:32  Anders Goksøyr UiB dCOD 1.0: DECODING OCEAN HEALTH THROUGH A SYSTEMS TOXICOLOGY APPROACH        

15:32-15:44  Eileen Maria Hanna UiB OVERCOMING CHALLENGES IN GENOME-SCALE METABOLIC RECONSTRUCTION OF A NON-MODEL SPECIES     

15:44-15:56  Marta Eide UiB 
A MULTI-OMICS APPROACH TO STUDY PPAR MEDIATED REGULATION OF LIPID  
METABOLISM IN ATLANTIC COD (GADUS MORHUA)   

15:56-16:08  Essa Ahsan Khan NTNU 
APPLICATION OF QUANTITATIVE TRANSCRIPTOMICS IN EVALUATING ALTERATIONS  
OF ATLANTIC COD OVARIAN DEVELOPMENT AFTER EXPOSURE TO PFASs   

                 

Closing                   
16:10-16:20  

O. A. Karlsen/J. 
Nahrgang UiB/UiT               
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Keynote speakers 
 
 
Ass. professor Martin Wagner from Norwegian University of Science and 
Technology (NTNU), Norway. Dr. Wagner is a biologist interested in 
studying what plastics and other synthetic agents (e.g., endocrine disrupting 
chemicals) do to human and ecosystem health. For that he uses state-of-
the-art in vitro and in vivo bioassays to characterize the total toxicity of 
complex samples (e.g., leachates of plastic materials). 

 
 
 
 
Professor Nancy Denslow from Univerity of Florida, USA. Dr. Denslow’s 
research involves developing and using molecular biomarkers to evaluate 
changes in gene expression depending on stress or exposure to 
contaminants. For environmental species, molecular approaches, including 
microarray analysis and proteomics, were developed for several non-
model species, including fish, gastropods, and coral. 
 
 
 
 
Professor Katrine Borgå from University of Oslo, Norway. Research in the 
Borgå research group is oriented towards understanding processes of 
bioaccumulation in Arctic, temperate and tropical marine food webs, and 
effects of multiple stressors on life history traits, both in field and in 
lab. Chemicals of interest include both legacy and emerging contaminants, 
including neonicotinoids and substances from electronic waste. 
 
 
 
 
 
Professor Daniel Schlenk from University of California Riverside, USA. Dr. 
Schlenk's research focuses on understanding the biochemical factors that 
influence susceptibility to environmental and natural chemicals. Four 
specific projects involve the impact of climate change on environmental 
factors that influence detoxification strategies in aquatic organisms; 
mechanistic investigations of the effects of salinity on pesticide toxicity in 
fish; the role of biotransformation as a mechanism of tolerance to natural 
and man-made toxic agents; impacts of endocrine disrupting chemicals on 
aquatic organisms; and mechanisms of PAH 
developmental toxicity in fish. 
 

Photo:	Martin	Wagner/NTNU 

Photo:	Nancy	Denslow/University	of	Florida 

Photo:	Katrine	Borgå/UiO 

Photo:	Daniel	Schlenk/University	of	California	
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Professor Malin Celander from University of Gothenburg, Sweden. Dr. 
Celander's main research area is effects of organic aromatic compounds, 
pharmaceuticals and steroid hormones on detoxification mechanisms in fish. Her 
lab focuses on how these chemicals alone and in mixtures interact with regulation 
and function of cytochrome P450 mediated biotransformation and on efflux and 
what consequences these interactions have on fish biomarker responses. 
 
 
 
 
 
Adam David Lillicrap from Norwegian Institute for Water Research (NIVA), 
Norway. Dr. Lillicrap's main interests involve understanding how chemicals are 
regulated within an environmental context, and how to influence policy making 
decisions for regulatory frameworks. He has been a project manager and study 
director of ecotoxicity tests performed according to regulatory test guidelines and 
according to Good Laboratory Practise (GLP) for nearly 20 years. He is involved in 
numerous international committees and expert working groups and is the 
Norwegian representative at OECD for the validation management group for 
ecotoxicity test methods (VMGEco). 
 
 

Photo:	Malin	Celander/University	of	Gothenburg	

Photo:	Adam	Lillicrap/NIVA 
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Keynote abstracts 

PLASTIC POLLUTION: FATE AND IMPACTS FROM MACRO TO PICO 

   

Martin Wagner 

 

Norges teknisk-naturvitenskapelige universitet (NTNU), 

Institutt for biologi, 7491 Trondheim, Norge 

 

In this keynote presentation, I will follow a degrading piece of plastic debris from the 
macro- to the picometer scale to discuss the environmental impacts of plastic pollution. I 
will take a brief trip through the vast research area the science of plastic pollution has 
become, focusing on the sources of macroplastics, the environmental toxicity of 
microplastics, and the human health effects of nanoplastics and plastic chemicals. 
Eventually, I will conclude with some reflections on the societal meaning of plastic 
pollution. 
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COMBINED TOXICITY AND MULTIPLE STRESSORS – TOXICOKINETIC 
INTERACTIONS ON FISH BIOMARERS 

 

Malin Charlotta Celander 

 

University of Gothenburg, Department of Biological and Environmental Sciences, 
Gothenburg, Sweden 

 

Fish are typically exposed to mixtures of environmental pollutants in their natural 
habitats. Combined toxicity of chemicals in mixtures can be either toxicodynamic or 
toxicokinetic, or a combination of both. Chemicals with the same of with different modes 
of action (MoA) can interfere with each other’s detoxification pathways. For example, 
receptor cross-talk and inhibition of key detoxification proteins can elicit antagonistic or 
synergistic mixture effects as a result of toxicokinetic interactions. We have shown that 
receptor cross-talks and inhibition of cytochrome P450 (CYP) enzymes in situations of 
combined exposures to chemicals in mixtures affect biomarkers, such as CYP1A and 
vitellogenesis. Thus, corticosteroids combined with aromatic hydrocarbons result in 
enhanced CYP1A biomarker response, due to a stimulating cross-talk between the 
glucocorticoid receptor and the aryl hydrocarbon receptor. Estrogens combined with 
aromatic hydrocarbons result in decreased vitellogenesis, due to an inhibiting cross-talk 
between the estrogen receptor and the aryl hydrocarbon receptor. Antifungal azoles 
mixed with aromatic hydrocarbons result in enhanced CYP1A biomarker response, due 
to azole mediated inhibition of clearance of aromatic hydrocarbons. Similarly, azoles 
mixed with estrogens result in enhanced vitellogenesis, due to azole mediated inhibition 
of clearance of estrogens. Azoles, estrogens and aromatic hydrocarbons have different 
MoA and yet they can cause synergistic (more than additive) mixture effects. The 
mechanism behind the synergistic mixture effect is that they share a common 
elimination pathway resulting in toxicokinetic interactions. There is a need for 
mathematical models that describe synergistic mixture effects. We hypothesize that by 
identifying how chemicals with the same or different MoA interact on key proteins 
(receptors, enzymes and transporters) in detoxification pathways we can create new 
mathematical models. A new conceptual toxicokinetic bottom-up model to assess 
synergistic mixture effects between an azole and an aromatic hydrocarbons has now 
been created, based on ordinary differential equations. 

  



Keynote abstracts	

	

E-WASTE AS A SOURCE TO CONTAMINANTS IN A GROWING ECONOMY, 
TANZANIA: COMBINING NATURAL AND SOCIAL SCIENCE 

 
PIs: Katrine Borgå1, Knut Breivik2, Rolf Vogt2, Susanne Bauer3, Ruth Prince4, Paul 

Wenzel Geissler5 
PhDs: Ane Haarr1, Maja Nipen2, Franziska Klaas5, Signe Mikkelsen5, Samwel Moses 

Ntapanta5, Christian Medaas5  
Main Collaborators: Aviti John Mmochi6, Peter Mangesho7, Anders Ruus1, Martin 

Schlabach8, Jan Ludwig Lyche9, Eliezer Mwakalapa10 

 
1Aquatic Biology and Toxicology, Dept. Biosciences, University of Oslo, 2Environmental 
Science, Dept. Chemistry, University of Oslo, 3Center for Technology, Innovation and 
Culture, University of Oslo, 4Institute of Health and Society, University of Oslo, 5Social 

Anthropology, University of Oslo, 6Institute of Marine Science, University of Dar es 
Salaam, Tanzania, 7National Institute for Medical Research (NIMR) Tanzania,  

8Norwegian Institute for Air Research (NILU), 9Veterinary Medicine, Norwegian 
University of Biosciences (NMBU) 10Mbeya University of Science and Technology, 

Tanzania 
 
Electronic and electrical equipment (EEE) contain flame retardants, that have followed a 
development from legacy contaminants such as polychlorinated biphenyls (PCBs) and 
polybrominated diphenyl ethers (PBDEs) to the more recent use of novel brominated 
flame retardants, chlorinated paraffins (CPs) and dechloranes. Beyond possible leaching, 
abrasion and evaporation during use, these persistent organic pollutants are released to 
the environment if poorly handled when the devices have reached their end of life. 
Countries in the tropics, for different social and political-economic reasons, attract large 
amounts of e-waste containing these hazardous substances. E-waste thus represents a 
growing environmental challenge in these countries that generally also have developing 
economies, due to increased use of EEE and poor handling of domestic waste and e-
waste. The convergence environment AnthroTox combine natural and social science to 
better understand and manage global anthropogenic toxicants such as e-waste related 
contaminants. We study e-waste as a source of contaminants in Tanzania by assessing 
spatial and temporal trends in contaminant exposure, accumulation in the marine and 
terrestrial food items, and social processes related to local practices for e-waste 
handling, activities leading to human exposure to contaminants, as well as local 
regulatory and monitoring efforts linked to international conventions. Results so far 
indicate  
 

• A temporal shift in the environmental presence from legacy PCBs and PBDE to novel 
flame retardants such as CPs 

• A large spatial variance in CP occurrence in the environment related to human activity 
• A difference in spatial occurrence of legacy flame retardants in marine food that might 

reflect local regulations and human activity 
• Local differences in waste and pollution regulations (Tanzania mainland vs Zanzibar) 
• Still, legacy pesticides by far dominate the contaminant pattern in the food web 
• Levels of legacy contaminants are well below thresholds of fish health effects and human 

consumption guidelines.  
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Use of Micro and Messenger RNA sequencing to Identify Unique 
Mechanisms of Action of Oil in Early life Stages of Fish  

 
Daniel Schlenk, Victoria McGruer, Jason Magnuson, Justin Greer, Le Qian, Rachel 

Leads, Aaron Roberts  
 

Department of Environmental Sciences 
University of California, Riverside, CA USA 92054  

 
Polycyclic aromatic hydrocarbons (PAHs) are pervasive pollutants in aquatic 
ecosystems, and developing fish embryos are especially sensitive to PAH exposure. 
Effects in early life stages of fish include gross morphological abnormalities in 
cardiac, eye, and spine development. Studies utilizing sequence analyses for 
messenger and micro RNA (miRNA) in oil-exposed fish embryos found significant 
changes in the abundance of transcripts involved in cholesterol biosynthesis, and 
altered regulation of at least 3 separate miRNAs (34, 133b, 203). Given the vital role 
of cholesterol availability in embryonic heart development, we hypothesized that 
cholesterol dysregulation in early development contributes to oil-induced 
cardiotoxicity. Within this study, we exposed zebrafish embryos to the model PAH, 
phenanthrene from 6 to 72 h post-fertilization (hpf) and demonstrated that, in 
conjunction with pericardial edema and bradycardia, several genes in the cholesterol 
biosynthetic pathway were altered. When embryos were pretreated with a cholesterol 
solution from 6 to 24 hpf followed by exposure to 20 or 25 µM phenanthrene from 24 
to 48 hpf, the effects of phenanthrene on heart rate were partially mitigated. Despite 
changes in gene expression, whole-mount in situ staining of cholesterol was not 
significantly affected in embryos ranging in stage from 24 to 72 hpf. However, two-
dimensional yolk area was significantly increased at 72 hpf, suggesting that lipid 
transport from the yolk to the developing embryo was impaired.  To assess the 
impacts of miRNAs, zebrafish embryos were injected with MiR34, MiR133b, and an 
anti-203RNA.  All three caused similar morphological changes with the exception of 
133b which failed to alter eye diameter, but did cause cardiac edema.  Zebrafish 
injected with anti-203 and grown out to 5 days had histologic lesions of the eye as 
well as impaired optokinetic responses.  These data indicate PAH toxicity may have 
multiple modes of action in early life stage fish that are species and age specific.  
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DEVELOPMENT OF A BAYESIAN NETWORK MODEL FOR PREDICTING 
FISH ACUTE TOXICITY FROM FISH EMBRYO TOXICITY DATA 

 
Adam Lillicrap 1 

 
1Norwegian Institute for Water Research, Gaustadaleen 21, 0349, Oslo, Norway 

 
Reduction of animal testing, wherever possible, is required by legislations such as the 
EU Directive 2010/63/EU. Fish Embryo Toxicity (FET- OECD TG236) testing has been 
proposed to be an alternative to the juvenile acute fish toxicity test (AFT- OECD 203). 
However, FET data are not yet accepted as a replacement to the AFT test for certain 
regulatory purposes such as REACH. The European Chemicals Agency (ECHA) 
recommended that a weight-of-evidence (WoE) approach was needed for FET data 
before it could possibly be used in place of AFT data. Therefore, a Bayesian network 
(BN) model has been developed to incorporate multiple lines of evidence, in combination 
with FET data, to predict AFT. Bayesian networks are increasingly being used in 
ecological risk assessment because they can integrate large amounts of data and other 
information sources to produce discrete probability distributions, and predict the 
probability of specified states. 
 
The objectives of this study were:  
 
1) To develop and evaluate a BN model for predicting toxicity of substances to juvenile 
fish from embryo toxicity data in combination with other relevant information; 
 
2) To apply the BN model in a WoE approach which can support replacing juvenile fish 
toxicity testing with embryo toxicity testing. 
 
The BN model correctly predicted the AFT toxicity level for 14 substances, and gave 
lower toxicity for 6 substances. For the 6 substances with an incorrect prediction, 5 
substances (2,4-Dichlorophenol, 4-Chlorophenol, Malathion, Naphthalene, Prochloraz) 
were less toxic to fish than to daphnids or algae, hence the AFT data would not drive the 
environmental risk assessment for those substances. In the case of 1 of the substances 
(Juglone), the AFT test was less sensitive than the FET data. 
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OMICS TECHNOLOGIES AS ENABLERS OF SYSTEMS BIOLOGY IN 
ENVIRONMENTAL TOXICOLOGY 

 
Nancy D. Denslow 

 
University of Florida, Gainesville, Florida, USA 

 
Technologies developed over the last two decades in biology and chemistry have 
revolutionized medical sciences and now environmental sciences. Dramatic results have 
now been obtained for a variety of non-model species, giving us the ability to quickly 
assess the effect of chemicals in aquatic organisms of importance.  The main step 
forward came with the development of massively parallel DNA sequencers, which are 
now able to sequence over 800 million DNAs in parallel and for some instruments, 
genomes of individual cells. The same approach has been used to better understand 
regulation of gene expression and how toxicants can alter programmed molecular 
pathways that lead to disease. We have learned that the genome is not mostly junk, as 
originally thought, but that there are multiple non-coding RNAs that are produced to 
control gene expression.  In addition, we have made technological advances in mass 
spectrometers that are used for proteomics, metabolomics and more recently for 
lipidomics.  These emerging molecular techniques are being complemented by a large 
array of cell-based assays that are also being developed and that can serve as specific 
measurable endpoints that link back to in vivo studies. The field of bioinformatics has 
developed in tandem with the OMICS technologies that enable investigators to analyze 
large datasets with appropriate statistical methods and to integrate information across all 
the technologies into a more holistic interpretation of the actual effects of contaminant 
exposures.  Development and understanding of adverse outcome pathways, using a 
systems biology approach with a finite number of biochemical perturbations, indicate 
how exposure to contaminants lead to higher order endpoints such as effects on 
individual organisms, populations and ecosystems.  
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Session 1 
Plastic pollution: Fate and impacts from nano to macro	

	
 

Uncertainties in microplastic analysis in seafood  
– toxicological implications and challenges 

 
Tanja Kögel1, 2, André Marcel Bienfait1, Ørjan Bjorøy1  
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Plastic production and pollution is increasing globally. Micro- and nanoplastic uptake 
into, and negative impacts on marine organisms and mammals have been 
demonstrated. Therefore, plastic pollution is of increasing concern for environmental and 
human health. 
However, the inhomogeneity and particularity of this substance group complicates 
toxicological assessments. Suspected factors determining toxicity are, amongst others, 
polymer type, size and shape. Currently, the experimental design often precludes 
depicting the main factors as, when compared at all, suspected factors are often 
changed simultaneously, without proper multifactorial design.  
Furthermore, toxicology and environmental analysis are only meaningful when 
corresponding. Toxicological tests should include environmentally relevant exposure 
regimes. Nevertheless, there is a mismatch between published toxicological exposure 
experiments and quantifications in the environment, with little orientation at realistic 
environmental concentrations in exposure regimes. For proper design, knowledge about 
environmentally relevant concentrations and polymer type, size and shape are essential, 
but there are large gaps in such knowledge and the underlying reasons for this need 
attention.  
Plastic particle analysis methods are both challenging and expensive, increasingly so 
with decreasing particle size. Recovery rates decrease with the particles size and are 
often not reported. Commercial standard material does not exist, opportunistic 
replacements, not quite reflecting environmental plastics, are employed. Measurement 
uncertainty is largely not reported. However, smaller particles occur in larger quantities, 
may be more toxic and impact different physiological pathways as compared to larger 
particles, and are therefore requisite to be part of quantification efforts. Also, both 
unequivocal chemical characterization and complete extraction are more difficult in biota 
matrices as compared to water, but necessary for toxicological assessment. 
These challenges will be discussed with examples of our recent results on the content of 
microplastics in salmon and haddock tissue, analysed by micro Fourier Transform 
Infrared Microscopy (µFTIR). 
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Blue mussels (Mytilus spp.) are widely used as bioindicators for monitoring 
environmental pollutants including microplastics (MP). To evaluate mussels as indicators 
for monitoring MP levels, methods that identify MPs in the organism and distinguish MPs 
from tissue are needed. Two histological methods based on paraffin embedded tissue 
were tested and compared: using polarised light microscopy on hematoxylin, erythrosine 
and saffron (HES) stained tissue and fluorescence microscopy on Nile Red stained 
samples. The methods were compared in an exposure study with weathered low-density 
polyethylene particles of 20-25 μm for 4 and 56 days. While when using polarised light 
microscopy for MP, alternating with studying the location and potential effects in tissues 
using bright field illumination is easy. Nile Red appeared to be more specific to MP 
detection than polarised light and should be preferred for validation in field studies. The 
tested methods were useful to investigate uptake and egestion of MP in mussels. We 
observed that mussels were able to egest and reject MP, and the highest number of MP 
was found in the intestinal lumen, followed by pseudofaeces.   
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The ubiquitous presence of microplastics and their ecotoxicity are major public 

concerns. Microplastics are ingested by the marine fauna or are taken up through the 
food chain. These particles can accumulate in cells and tissues and affect the normal 
biological functions of organisms. There is limited information available about the 
response of immune cells to microplastics; the degree of uptake by the cells, the 
response of different organs or the impact of environmental concentrations are matters 
that remain unclear. Moreover, very little is known about the toxicity of different polymer 
types. 

This study aimed to shed light on the physical impact of small microplastics on cells from 
Atlantic salmon. Immune cells from head kidney, blood and intestine were exposed to 
fluorescent polyethylene microplastic (PE-MP), polystyrene microplastic (PS-MP) and a 
mixture of both. High, medium and environmental concentrations were tested for 1, 24, 
48 and 72 hours to study cell mortality and microplastic uptake. Quantitative data of 
microplastic uptake by fish immune cells were obtained for the first time by imaging flow 
cytometry. Salmon immune cells showed a relatively low ability to phagocytose 
microplastics. Less than 10% of the cells ingested microplastics after 48 hours of 
exposure to high concentrations. Cells also phagocytosed microplastics at 
environmental concentrations although at low rates (<0.1%). PE-MPs were more 
phagocytosed than PS-MPs and tended to accumulate in time. However, the number of 
particles ingested (phagocytic capacity) was higher for PS-MPs than for PE-MPs in both 
head kidney and blood cells.  

This study shows that immune cells of Atlantic salmon can phagocytose microplastics at 
environmental concentrations. PE-MPs, one of the main polymers polluting the oceans 
and a widely used plastic in salmon aquaculture, was more easily taken up than PS-
MPs. Furthermore, the study demonstrates how imaging flow cytometry can be applied 
in microplastics research. 
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Hydrogen peroxide (H2O2) is used as anti-parasitic biocide in salmon farms worldwide. 
There are concerns about effects of H2O2 from the discharged treatment water on the 
coastal ecosystems. Our study focuses on the effects of H2O2 on populations of the 
Northern shrimp (Pandalus borealis), which is an economically and ecologically 
important species in Norwegian fjords. Shrimp may be exposed to multiple stressors 
including repeated exposure to salmon lice biocides from surrounding aquaculture 
farms, commercial harvest, and climate change. Laboratory experiments have 
demonstrated that even short pulses (3 x 2 h) of exposure to H2O2 in concentrations well 
below the prescribed treatment concentrations result in mortality of shrimp. The aim of 
this study is to make this information more applicable for risk assessment and 
management of shrimp populations. We apply a chain of three models. (1) An 
oceanographic model for the distribution of H2O2 in shrimp fields following salmon lice 
treatment in different locations and seasons. (2) A mechanistic effect model for 
individual survival probability (General Unified Threshold model of Survival). The GUTS 
model is calibrated to the experimental data and predicts survival probabilities under 
different scenarios of H2O2 exposure profiles in the field. (3) An age-structured 
population model to project the effects on shrimp population decline, under different 
scenarios of H2O2 treatment in different locations and seasons. The purpose of this 
model chain is to predict effects of H2O2 exposure in combination with other stressors on 
population-level endpoints such as long-term abundance, and to assess the risk of 
shrimp population decline below threshold abundances. With this combination of lab 
experiments and complementary modelling methods, we demonstrate how the risk from 
H2O2 exposure to shrimp populations can be affected by factors such as local 
oceanographic conditions, the season of the H2O2 treatment, and the degradation time 
of H2O2. 
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High mineral demands drive a worldwide increase in mining activity. In Norway, mine 
tailing disposal in fjords is practiced at several locations, raising environmental concern 
due to the spreading of particulate matter in the water column and the potential release 
of metals and process chemicals. In this study, Calanus finmarchicus nauplii stage 6 
were exposed to three different tailing types; pure calcium carbonate particles (Par), 
marble tailings (Marble) and copper mine tailings (Copper), in high (H; nominally 750 
000 particles/mL) and low (L; nominally 37500 particles/mL) concentrations on rotating 
wheels for 15 days. At each sampling point (six in total) one bottle from each treatment 
were sampled. Analysed endpoints included stage determination, biometry and 
respiration. Copepods in all treatment groups reached copepodite stage 4 by the last 
sampling, but with a lower proportion of stage 4 present in the high treatments and ParL. 
Biometric measurements at the last sampling point revealed a significant difference in 
body length (H(7) = 49.63, p < 0.0001) and lipid sac area (H(7) = 54.39), p < 0.0001), 
where the body length of ParL and MarbleH, and the lipid sac area of ParL and CopperH 
differed significantly from Control. In addition, respiration rates differed significantly 
(F(6,21) = 11.96, p < 0.0001), with ParL, MarbleH and CopperH having significantly 
lower respiration rates compared to Control. Our results show that developing C. 
finmarchicus are affected by the presence of tailings, generally with higher suspension 
concentrations having a stronger impact, with copepods in the treatment groups having 
a lower body length, lipid sac area and respiration rate at the end of the study. The 
absence of a flocculation agent is the most likely reason for the marked response of 
ParL, causing particles to be present in the water column for a longer time.  
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In this study, we quantified total mercury (Hg) concentrations and dietary descriptors in 
three Arctic and sub-Arctic fishes sampled during the polar night, to study their 
interspecific and spatial bioaccumulation patterns in the Barents Sea. Hg, carbon and 
nitrogen stable isotope ratios (δ13C and δ15N) were analyzed in the muscle tissue of 
polar cod (Boreogadus saida), Atlantic cod (Gadus morhua), and capelin (Mallotus 
villosus), sampled from the North-West and North-East Barents Sea. 
Hg concentrations varied considerably among individual fish, but were in general, well 
below the toxicity threshold for fish health and the EU-accepted threshold of fishes for 
human consumption, of 0.5 µg/g (wet weight). Hg concentration increased with δ15N and 
from pelagic to benthic fishes (i.e., enriched δ13C). Atlantic cod from the North-East 
Barents Sea had the highest Hg concentrations, reflecting its higher trophic position and 
benthopelagic feeding. When comparing polar cod between the two locations, 
individuals from the North-East had higher Hg concentrations. These variations were 
partly explained by the larger size of polar cod from the North-East resulting in slower 
elimination and higher bioaccumulation of Hg, and partly by their higher δ15N values. 
The variation in δ15N values could in turn most likely be due to the difference in 
ecosystem baseline δ15N values between the two locations. Different Hg inputs from 
long-range transport and local sources cannot be ruled out either.  
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The soil mesofauna community is an important contributor to decomposition and nutrient 
cycling processes. Agricultural soils are generally low in biodiversity and have a low 
organic matter content. The use of pesticides to protect crops from herbivory and 
disease often has side effects on non-target organisms vital to ecosystem functioning. 
The combined effect of climatic and toxic stress on the mesofauna community, with 
focus on springtails (Collembola), is investigated in the RCN-funded project MULTICLIM: 
“Effects of climate change in a multiple stress multispecies perspective”. In a field 
experiment, we applied the insecticide imidacloprid, a widely used neonicotinoid, to an 
agricultural soil ecosystem. Intact soil cores from the agricultural field were enclosed in 
small mesocosms to limit migration of soil mesofauna, and placed back in the field after 
dosing with imidacloprid. Concentrations equivalent to 0, 0.1, 1.0 and 10 mg 
imidacloprid/kg dry soil were applied to the soil surface. After 20 days, we collected the 
soil fauna from the mesocosms using a high gradient temperature-controlled extractor. 
Imidacloprid was shown to reduce the number of both surface-living and soil-living 
springtails in a dose-dependent manner, with a total reduction of ~80% in the highest 
concentration compared to controls. Surface-living springtails were most affected by 
imidacloprid exposure, while the effect was less pronounced in soil-living springtails. In 
contrast, neither predatory mites or saprotrophic mites showed a reduction in numbers 
with imidacloprid exposure. We show how soil fauna composition and abundance were 
affected by exposure to imidacloprid under natural conditions, and how relatively simple 
field studies can be of great value for extrapolation of results from laboratory studies.  
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Many endangered marine mammal populations are difficult to study, spread out over 
large areas, and capturing them for branding and research purposes would be unethical. 
Yet, they are in urgent need for assessment and conservation actions. We suggest 
collecting data from other more abundant populations of the same species, with careful 
consideration of body size, age at sexual maturity, and ecological conditions to produce 
scientifically sound best approximations of vital rates of data deficient endangered 
populations. The genetically distinct Baltic Sea harbour porpoise population amounts to 
about 500 animals and is classified as ‘Critically Endangered’ according to the IUCN red 
list. Data deficiency on nearly all demographic parameters have precluded systematic 
investigations of the relative importance of stressors affecting population viability. We 
took a comparative life history approach and investigated the phenotypic plasticity in 
somatic and demographic vital rates of seven larger, well studied North Atlantic harbour 
porpoise populations, enabling us to approximate the missing pieces of the life history of 
the Baltic population. We parameterized a stochastic, individual-based population 
model, and performed a population viability analysis for a range of biologically realistic 
parameter values and scenarios of environmental stressors. The baseline scenario was 
based on the most representative samples of healthy harbour porpoise populations and 
challenged with three different levels of bycatches. Due to high levels of endocrine 
disruptive contaminants observed in Baltic harbour porpoises, we also investigated the 
effect of a possible reduction in fecundity. Subsequently, the combined effects of 
bycatches and reduced fecundity were investigated in terms of population growth rate 
and quasi-extinction risk. The Baltic harbour porpoise population is viable in the baseline 
scenario without anthropogenic stressors. However, even the lowest estimated bycatch 
level of 7 individuals per year will lead to a population collapse to ≤50 animals with high 
probability (0.4–1.0) over the next century, assuming an intermediate or low (<73%) 
fecundity. Adult survival is of critical importance and mitigation of fishery impacts and 
reduction of anthropogenic disturbances in the identified main breeding areas are 
recommended. 
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Electronic and electrical equipment (EEE) contain flame retardants, such as chlorinated 
paraffins (CPs) and dechloranes. Beyond possible leaching, abrasion and evaporation 
during use, these chemicals are released to the environment when products reach their 
end of life. This may represent a growing environmental challenge in developing 
economies due to increasing use of EEE and poor handling of domestic waste and e-
waste. The aim of this study was to investigate spatial trends of CPs and dechloranes in 
a developing economy.  
Soil and passive air samples were collected in Dar es Salaam city, Tanzania, 
surrounding rural areas, and near an e-waste handler and a municipal waste dump. 
Samples were analyzed for short and medium chain CPs (SCCPs, MCCPs), dechlorane 
plus (DP), dechlorane 602 and dechlorane 603 using GC/ QTOF high-resolution mass 
spectrometry.  
Soil concentrations varied between <LOD and 5000 ng/g dry weight (dw) for SCCPs, 
and <LOD and 3000 ng/g dw for MCCPs. In air, the amounts were 230 to 28900 
ng/passive sampler (PS) and <LOD to 7140 ng/PS for SCCPs and MCCPs, respectively. 
Low levels of CPs in air and soil were found in rural areas, while high levels were found 
near the municipal waste dump, the e-waste handler, and in urban locations. Homologue 
group profiles of CPs in soil show differences between locations, indicating different 
sources. 
Concentrations of DP varied between <LOD and 6.8 ng/g dw, and <LOD and 2.8 ng/PS 
in soil and passive air samples, respectively. Locations associated with e-waste showed 
highest concentrations. Dechlorane 602 was generally <LOD or at low concentrations. 
Dechlorane 603 was found in soil (<LOD to 3.1 ng/g dw) but was generally <LOD in air.   
Overall, high, and variable levels of CPs in air and soil suggest multiple sources. 
Dechloranes were found at lower levels, and DP appeared to be largely associated with 
e-waste.    
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Contaminant levels and effects are poorly known for the largest animals on Earth, blue 
whales and fin whales. We studied concentrations of legacy and emerging contaminants 
in blubber biopsies of blue whales and fin whales sampled from Svalbard in 2014-2018 
(n=14-27). Legacy contaminants were dominated by DDTs, PCBs and toxaphenes, with 
median concentrations ranging from 120 to 340 ng/g lipid weight. Concentrations of 
PCBs and organochlorine pesticides were generally lower in blue whales and fin whales 
than in killer whales and white whales from the Barents Sea/Northern Norway. Bis(2-
ethylhexyl) phthalate (DEHP) was the only phthalate detected, with concentrations being 
similar to major legacy POPs. In vitro reporter gene assays were used to assess 
agonistic and antagonistic transcriptional activity of fin whale peroxisome proliferator-
activated receptor gamma (PPARG), glucocorticoid receptor (GR) and the thyroid 
hormone receptor beta (THRB) by PCBs, organochlorine pesticides, DEHP and di-iso-
nonyl phthalate (DiNP). Polychlorinated biphenyls (PCBs) had both agonistic and 
antagonistic effects on PPARG and GR, and mainly antagonistic effects on THRB. DDT 
and its metabolites had mainly antagonistic effects on all of the receptors. DEHP and 
DiNP to modulate the transcriptional activity of THRB. Due to the similarity of the ligand 
binding domain in the studied receptors among whales, polar bears and/or humans, the 
transactivation results also apply for these species. In conclusion, both legacy and 
emerging contaminants are present in the blubber of marine mammals from the 
Norwegian Arctic and they appear to have potential to modulate the transcriptional 
activity of whale nuclear receptors. Several legacy POPs modulated the transcriptional 
activity of tested nuclear receptors at environmentally relevant concentrations for 
whales.  
 
 
 
  



Session 3 
Emerging contaminants, including E-waste 

	

	

OCCURANCE OF EMERGING BROMINATED FLAME RETARDANTS AND 
PHOSPHATE ESTERS IN MARINE WILDLIFE FROM SVALBARD 

 
Anna Lippold1,3, Mikael Harju2, Jon Aars1, Geir Wing Gabrielsen1, Christian Lydersen1, 

Kit Kovacs1, and Heli Routti1 
 
 1Norwegian Polar Institute, Fram Centre, Tromsø, Norway; 2Norwegian Institute for Air 

Research, Fram Centre, Tromsø, Norway; 3McGill University, 845 Sherbrooke St W, 
Montreal, Canada 

 
Novel anthropogenic chemicals, such as brominated flame retardants (BFR) or 
organophosphate esters (OPE), have been introduced to replace those flame retardants 
that are regulated due to being toxic, persistent, and bioaccumulative. In addition to their 
employment as flame retardants, OPEs are also widely used as plasticisers. However, 
their environmental behaviour still needs to be determined, e.g. by screening biotic and 
abiotic samples from regions far away from sources. We analyzed BFRs in adipose 
tissue from blue whales, fin whales, white whales, walruses, ringed seals, polar bears, 
and glaucous gulls from the European part of the Barents Sea and the Svalbard 
Archipelago; and additionally OPEs in blue whales, fin whales, and white whales. Of all 
analyzed emerging BFRs we found γδ-1, 2-dibromo-4-(1, 2-dibromoethyl)-cyclohexane 
(γδ-TBECH) at a range of 2.99 to 21 ng/g lipid weight in glaucous gulls. The OPE tris(2-
ethylhexyl)phosphate (TEHP) in blue whales and fin whales and in two of 7 white whale 
samples ranged from <0.43 to 163.7 ng/g lipid weight. All other BRFs and OPEs we 
screened for were below the detection limit or detected at very low concentrations and 
frequencies. Only migratory species had considerable levels of either BRFs or OPEs, 
suggesting that they were potentially picked up closer to their source and do not travel 
long distances to remote Arctic regions. However, more studies are needed to confirm 
this. 
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The accumulation of persistent organic pollutants in Arctic food chains is by now well 
known. In addition to long-range transport, increased population, transport and tourism 
in the Arctic region causes concern for the potential effects of a wider range of 
chemicals on Arctic biota than previously addressed. Focus has recently been being 
given to "emerging contaminants", which are not necessarily "new", but their persistency 
(P), bioaccumulation (B) and toxicity (T) properties have not been given focus previously 
and thus they have typically gone under the radar of regulatory monitoring. Although 
increasing, there is still limited knowledge of the presence of emerging contaminants in 
Arctic marine biota, particularly in lower trophic species. One group of emerging 
pollutants that has received little attention in the Arctic is pharmaceuticals and personal 
care products (PPCPs).  
We have investigated the presence of contaminants in low trophic benthic and pelagic 
marine species. Samples collected from Kongsfjorden in Svalbard were subject to 
solvent extraction and two-dimensional gas chromatography coupled to high-resolution 
mass spectrometry (GCxGC-HRMS) for screening, or highly sensitive tandem mass 
spectrometry techniques for target analysis of persistent compounds (GC-MS/MS) and 
pharmaceuticals (LC-MS/MS). The amphipods and lipid-rich copepods contained the 
highest abundance both of persistent (PAHs, PCBs, PBDEs) and emerging 
contaminants in comparison to the other test species. Tentatively identified compounds 
included plasticizers and other plastic additives, flame retardants, precursors, production 
chemicals, food flavoring ingredients, UV-stabilizers, antioxidants, antifungal and 
antimicrobial chemicals and insecticides. Targeted and non-targeted screening for a 
wide range of pharmaceuticals including anti-depressants, antibiotics and analgesics 
were performed. The significance of the results is discussed in light of the potential 
effects on species and ecosystems, as well as suggested local and distant sources of 
the components to the Arctic environment. 
 
 
 
  



Session 3 
Emerging contaminants, including E-waste 

	

	

EMERGING ORGANIC CONTAMINANTS IN NORWEGIAN MARINE 
SEDIMENTS: THE MAREANO PROGRAM 

 
Stepan Boitsov1, Jarle Klungsøyr1, Henning K.B. Jensen2, Linda Hanssen3 

 
1Institute of Marine Research, Nordnesgaten 50, 5005 Bergen, Norway; 2 Geological 

Survey of Norway, Leif Eirikssons vei 39, 7491 Trondheim, Norway; 3Norwegian Institute 
for Air Research, Hjalmar Johansens gate 14, 9007 Tromsø, Norway 

 
The Norwegian national program of seabed mapping, MAREANO, has been carried out 
on a yearly basis for over a decade in eastern Norwegian Sea and western Barents Sea 
and Svalbard area. Several groups of emerging organic contaminants in recently 
deposited sediments  at the continental shelf, slope and deep-sea plains of the Barents 
and the Norwegian Seas have been mapped: per- and polyfluorinated alkylated 
substances (PFAS), phosphorus organic retardants (PFR), siloxanes, dechloranes, 
alkylphenols, alkylphenol ethoxylates and bisphenol A (BPA). The depositional settings 
vary significantly from deeper basins within the shelf, typically marine valleys between 
more shallow banks, to the deeper areas with fine-grained sediment accumulation. The 
results of the analyses indicate trace amounts of some of the compounds from each 
studied group of contaminants. The most consistent results are found for PFAS, seven 
of which were found at numerous locations throughout the studied area, and 
nonylphenol and nonylphenol ethoxylates. Dechloranes were mainly found in the 
southern part of the studied area while PFR, siloxanes and BPA were only found at a 
few locations. The geographical distribution of the contaminants shows some variations 
at low levels throughout the area, with somewhat higher levels found in more fine-
grained sediments with higher TOC contents. Methodological challenges due to the risk 
of contaminating the samples, particularly during sampling, are important to consider for 
some of these contaminant groups. The results demonstrate that manmade, persistent 
emerging contaminants are transported over long distances even to remote areas of the 
Arctic.  
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Mycotoxins are toxic compounds naturally produced by fungus and may cause health 
problems for both animals and humans after intake. Due to the climate changes and 
optimized conditions for the fungus, the presence of mycotoxins in food and feed are 
increasing. At present, the concentration levels of only a few mycotoxins are regulated in 
aquafeed internationally, and there is so far limited knowledge about the presence of 
mycotoxins in Norwegian aquafeed. In this study, a sensitive screening and a 
quantification method, using LC-MS/MS instruments for multi-mycotoxin determination 
(18 mycotoxins and 6 metabolites) in fish feeds, were developed.  

The screening method was developed with high resolution UHPLC-IMS-QTOF MS, with 
CCS (collision cross section) value as extra identification point, making it also possible 
to separate isomeric mycotoxins. The quantification method developed with low 
resolution UHPLC-QqQ-MS/MS, was validated in terms of linearity (R2>0.99), recovery 
(95%-111%), intra-day precision (RSD of 4%-18%) and preliminary LOQ (1.0 ng/g) for 
five of the most relevant mycotoxins known (enniatins including enniatin A, enniatin A1, 
enniatin B and enniatin B1 and beauvericin). Both methods were applied to measure 10 
commercial fish feed samples (including one fish feed ingredient), demonstrating the 
presence and co-occurrence of mycotoxins in all samples. Mycotoxins detected in fish 
feed samples were enniatins and beauvericin, no maximum value has been established 
for these mycotoxins in fish feed. Fumonisins (fumonisin B1 and fumonisin B3), a type of 
legistilated mycotoxins, were detected in the fish feed ingredient sample. All the 
mycotoxins detected in the study, are generated by Fusarium species, a field fungi. A 
chemical degradation experiment for beauvericin and enniatin B was also performed and 
their transformation products (15 for beauvericin and 20 for enniatin B) were tentatively 
identified by UHPLC-IMS-QTOF MS, but not detected in real fish feed samples. 
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The emerging mycotoxins enniatin B (ENN B) and beauvericin (BEA) in plant-based fish 
feeds have been shown to exhibit ionophoric properties and cytotoxicity in various 
mammalian cell models. Whether ENN B and BEA affects a fish-derived cell model has 
not been investigated. Toxicodynamics of ENN B and BEA was characterized using 
primary hepatocytes from Atlantic salmon (Salmo salar). The hepatocytes were exposed 
to ENN B and BEA (0.05, 0.5, 1.5, 2,5, and) for 48 hours, after which cell viability 
endpoints, microscopy, and non-targeted transcriptional endpoint analysis was carried 
out. An MTT-based cell viability assay showed only the highest concentration of ENN B 
to be cytotoxic to the salmon primary hepatocytes, further corroborated by testing RNA 
integrity; ENN B at 5 µM caused RNA degradation. Furthermore, morphological changes 
could be visually observed at the highest concentration of ENN B, where the 
hepatocytes showed signs of cell death onset. The highest concentration of both ENN B 
and BEA significantly reduced cellular ATP production, but whether the observed effect 
of ENN B is not a result of reduced cell viability cannot be excluded. No significant 
increase in ROS generation was detected, although a significant reduction was 
observed for both ENN B and BEA at the highest concentration. RNA sequence analysis 
revealed ENN B and BEA (0.05, 0.5, and 2.5 µM) to cause alteration in gene expression 
on a number of genes related to the oxidative phosphorylation, metabolic processes 
connected to cellular respiration, as well as amino acid and lipid metabolism. Concluding 
that ENN B is toxic to salmon primary hepatocytes already at 5 µM. Both mycotoxins 
alter gene expression, suggesting that there is a potential risk of alteration to signaling 
pathways and metabolic processes in farmed Atlantic salmon if the burden of 
mycotoxins in the feed becomes too high. 
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Herring gulls (Larus argentatus) are generalist predators. Urban gulls are exposed to 
contaminants from aquatic, terrestrial and anthropogenic sources, including legacy 
contaminants known to accumulate in aquatic food webs, and contaminants of emerging 
concern (CECs), currently in use. We assess if differences in urbanisation between the 
inner and outer Oslofjord affect ecological niche and contaminant concentrations in 
female herring gulls, and maternal transfer to eggs. 

Blood from 15 females and one corresponding egg were collected in two Oslofjord 
colonies. The Oslofjord is an urban area; however, urbanisation is higher around the 
inner than the outer fjord. Ecological nice was assessed using stable isotope (SI) ratios 
of carbon and nitrogen (δ13C and δ15N). The measured contaminants include 
persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs) and 
polybrominated diphenyl ethers (PBDEs), CECs like the lipophilic chlorinated paraffins 
(CPs), cyclic volatile methyl siloxanes (cVMSs), dechloranes, emerging brominated 
flame retardants (BRFs), non-lipophilic per-and polyfluorinated substances (PFASs) and 
metals.  

The SI ratios indicated a more marine ecological niche in the outer than the inner fjord 
colony, although overlapping. POP concentrations were similar in the colonies, 
indicating similar exposure. The CECs varied, with higher concentrations of a cVMS and 
short-chained CPs in blood and eggs of the inner fjord colony, showing that the gulls’ 
exposure to CECs differs from POP exposure. PFAS concentrations were higher in the 
outer fjord colony, likely linked to point-source releases from Rygge airport situated 
nearby. Dechloranes and BFRs were detected in few samples. Maternal transfer 
efficiencies of cVMSs were similar to the POPs, while it was lower for the CPs, which 
agrees with studies on other species.  Combined, these results indicate that individual 
specialisation and local sources are more important than between-colony feeding habits 
for contaminant occurrence in these gulls. 
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Rare earth elements (REE) comprise a total of 17 elements: the 15 lanthanides, 
scandium and yttrium. Despite their name, they are abundant in the earth`s crust. Due to 
their unique physical-chemical properties, REE are essential for a wide range of human 
applications including new and traditional industries (e.g. agriculture, renewal energies, 
automotive, metallurgy, nuclear, textiles) and medical diagnostic. Rising REE production 
leads to an increased release into the environment and represents a potential 
environmental concern. Current knowledge on anthropogenic REE contamination, 
potential hot-spots in coastal areas and their consequences at organismal and 
ecosystem levels are scarce, and no relevant data are available for the Norwegian 
coastal environment. The aims of the project are to investigate i) whether coastal 
anthropogenic activities causes REE contamination ii) which REE are most widely 
released and measuring the associated environmental levels and distribution patterns; 
iii) whether REE (anthropogenic and geogenic) are taken up and biologically affect key 
marine organisms. To determine potential hot-spots of anthropogenically released REE 
and their uptake, bioavailability and potential accumulation, seawater, sediments and a 
range of marine organisms (macroalgae, benthic invertebrates and fish) with different 
ecology and/or feeding modes are sampled at different stations with different degrees of 
anthropogenic pressure in Trondheim`s fjord. Samples are analysed with ICP-MS to 
obtain concentrations and quantities of geogenic and anthropogenic REE levels. 
Furthermore, specific embryotoxicity tests are carried out using zebrafish (Danio rerio) 
as a model organism. Observations of acute toxicity, hatching and mortality are 
monitored. In addition, biometric and gene-expression analyses will be performed. 
Results obtained from this project are expected to provide knowledge on the spatial 
distribution patterns of REE in Norwegian coastal areas, as well as on potential 
biological and ecological risk associated to anthropogenically released REE. Such 
knowledge is essential for future regulatory frameworks. 
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Several anthropogenic activities, such as dredging for marine navigation maintenance, 
subsea construction including the construction of offshore windfarms, urban 
development, and subsea and land-based mining activities can increase suspended 
particle loads in the pelagic environment. In Norway, tailings from land-based mining 
and processing facilities are in several locations placed in the marine environment, 
introducing high concentrations of suspended mineral particles into the water column. In 
this study we investigated the impacts of mineral particle tailings from a calcium 
carbonate (CaCO3) processing plant on early live stages of haddock (Melanogrammus 
aeglefinus) and Atlantic cod (Gadus morhua). Fish eggs (3 dpf) were exposed for 48 h to 
nominally 1 mg L-1 (low), 10 mg L-1 (medium), and 100 mg L-1 (high), with L and M being 
environmentally realistic concentrations at tailing release points. Results show that 
tailing particles rapidly adhered to eggs of both species, causing negative buoyancy 
(sinking of eggs) in M and H exposures. While tailings remained on egg surfaces also 
after exposure termination, adhesion seemed more effective in cod, leading to larger 
impacts on buoyancy even after exposure. Tailing exposure further induced early 
hatching and significantly reduced survival in M and H exposed embryos in both fish 
species, and L exposure in cod. Larvae were followed up until 4 days post hatch, 
revealing that tailing exposure also caused increased incidences of larvae malformation, 
such as tail, spine and marginal finfold deformation.  
This study shows that mineral particles can adhere to pelagic fish eggs, affecting egg 
buoyancy, survival, and development. While the number of countries currently practicing 
submarine mine tailing placement is limited, the findings of this study are also relevant 
for areas subjected to anthropogenic activities introducing enhanced suspended particle 
loads into the water column, and areas receiving increased terrigenous runoff due to 
changing climatic conditions.  
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Life-history traits determine individual fitness and the fate of populations. Therefore, 
detailed analyses of life-history traits, such as reproduction and survival, are essential 
for a comprehensive understanding of the implications of sublethal toxicant exposure for 
natural populations. Imidacloprid, a widely used neonicotinoid insecticide, persists in soil 
for >100 d. This increases the chances of exposure of collembolans (springtails), which 
are ubiquitous, ecologically important soil arthropods. However, detailed analyses of the 
life-history traits of naturally abundant collembolan species are rarely included in risk 
assessments. We aimed to understand the sublethal effects of imidacloprid exposure on 
Folsomia quadrioculata, which dominates many habitat types throughout the northern 
hemisphere. In two studies, the collembolans were exposed to imidacloprid (0–290 mg 
kg-1 dry food) through the diet at 15°C. In the first study, randomly-selected adults were 
exposed for 14 d, followed by a post-exposure period of 28 d for evaluating the 
possibility of recovery. The second study exposed hatchlings continuously for 30 d to 
address the effects of exposing the presumably most sensitive juvenile life stages. We 
registered survival in both the studies and reproduction (egg laying and hatching 
success) in the first study. Egg production stopped during the exposure phase, but 
resumed during the post-exposure phase with a concentration-dependent delay. 
However, adult survival and hatching success remained high throughout the first study. 
The second study revealed high mortality of the imidacloprid-exposed juveniles at 
concentrations >3.7 mg kg-1 dry food within 20 d. Thus, adult collembolans recovered 
partially from short-term exposure to imidacloprid, whereas the exposure of juveniles to 
the same concentration range led to greater mortality risks. We conclude that low 
concentrations of imidacloprid would likely have severe long-term effects on population 
growth and persistence. Evidently, ecological risk assessments should last long enough 
and consider the population-level effects of life stage-specific sensitivities. 
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Polycyclic aromatic hydrocarbons (PAHs) have long been targeted as the causative 
toxicants in exposures to petroleum products. Recently, this suspicion has been 
questioned, as neither the concentrations of PAHs nor the proposed 
mechanisms/modes of action can explain the toxicity observed in developing fish. Here, 
we aimed to use effect-directed analysis to fractionate a petroleum mixture and expose 
eggs of Atlantic haddock, a species that spawns in offshore oil-producing areas, to the 
resulting fractions. The toxic fraction(s) can then be characterized and further 
fractionated to determine the causative toxicant. 
The water-soluble fraction of North Sea crude oil (WSF) was obtained by dispersing oil 
into water, filtering, and extracting with dichloromethane. The WSF was separated into 
12 discrete fractions using cation exchange, anion exchange, and silica solid phase 
extraction cartridges. The WSF, the 12 fractions, and the recombined WSF were 
dissolved back into seawater for static renewal exposures with eggs lasting 72 hours. 
Water samples were collected daily, and eggs were collected at the end of exposure to 
measure PAH body burden and cyp1a expression. Remaining eggs were moved to 
clean seawater for hatching. Survival, morphological condition, and heart function were 
assessed using microscopy three days after hatching. 
Severe effects were observed in WSF and recombined WSF exposures: increased 
mortality, reduced body and eye size, decreased heart function, and numerous 
craniofacial, eye, and body axis deformities. These effects were seen only sparingly in 
the 12 individual fractions. Notably, effects were mostly absent in the PAH-containing 
fraction. Expression of cyp1a was highest in WSF, WSF combined, and in the silica-
column-separated fractions (but approximately 5-fold lower than WSF). Instead of 
identifying a fraction that contains the causative toxicant, we observed strong mixture 
effects. PAHs may indeed contribute to toxicity in oil, but this experiment adds to 
evidence that they cannot be acting alone. 
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The toxicity of produced water (PW) discharges has been repeatedly demonstrated. 
However, the causative mechanisms of toxicity remain poorly understood. While PW 
composition is very complex, regular monitoring of effluent composition still only focuses 
on a limited set of chemical classes, most of them petrogenic compounds. Early life 
stages (ELS) of fish have been shown to be particularly sensitive to pollution and are 
expected to be vulnerable also to PW compounds. In the current study, we apply a novel 
functionality-based fractionation method to separate twelve discrete fractions of a PW 
collected at the point-of-release from a North Sea oil production facility. A battery of 
standard, non-standard and high-resolution chemical characterization techniques are 
applied to each fraction to allow the to date most comprehensive investigation of PW 
composition described. The toxicity of the PW and its fractions to ELS of the model fish 
species zebrafish (Danio rerio), as well as to Atlantic cod (Gadus morhua) is seen in 
light of the chemical composition of each fraction. The bulk composition of the PW in 
question comprised aliphatic and aromatic hydrocarbons, while phenols and organic 
acids also constituted a significant part of the total. A range of production chemicals 
were identified in separate fractions of the PW. In terms of toxicity, the produced water 
extract caused effects on hatching success, cardiac function and development of the 
embryos. No individual fraction was able to provoke the same level of effects as the total 
PW, but the 'hydrocarbon' fractions in combinations (oil constituents) were considered 
the most potent mixture. The potential for synergistic and antagonistic effects between 
different produced water fractions is currently being investigated.  
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The increase of oil demand, associated with the depletion of easily exploitable oil 

deposits, led the oil industry to intensify the search for new oil areas in deep waters and 
in the Arctic. Thus, due to an augmentation of human activity in these cold-water areas, 
the probability of accident such oil spills will undoubtedly increase. To limit the impact of 
an oil spill, dispersant is currently used as a technical response, however, questioning 
about the biological impact of the dispersant use is still debated. We investigated this 
question by assessing the potential biological synergistic effects of oil and dispersant 
use in polar area with data coupling both a high response sensitivity and an ecological 
relevance. These investigations were mainly focused on metabolism of polar fish 
species (the polar cod Boreogadus saida and the North-East Atlantic Cod Gadus 
morhua) and cold-water coral (Lophelia pertusa). Studies were performed at different 
levels of biological organizations, from mitochondria to whole organisms. The study on 
cods demonstrates that short-term reported impacts of oil compounds on low integration 
levels are not lasting at an integrative level, thus, highlighting effective compensation 
phenomena and plasticity of cods’ fitness.  

Using the adaptation of an innovative methodology allowing to directly reach the 
mitochondria metabolism, the potential impact of oil and dispersant on respiratory chain 
complexes of Lophelia was assessed. In our conditions, we reported for corals exposed 
to dispersant an increase of the proton leak, i.e. protons that migrate into the 
mitochondrial matrix without producing ATP. This result demonstrates an effect of 
dispersant on Lophelia bioenergetic and therefore could lead to a fitness decrease.  

In the aim to conduct a relevant Spill Impact Mitigation Assessment, our results 
constitute a valuable input to the knowledge base of biological impact assessment of an 
oil spill in the Arctic ecosystems. 
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The application of chemical dispersants is one oil spill response (OSR) option and 
substantial information exists on the acute toxicity of mechanically dispersed oil (MDO) 
and chemically dispersed oil (CDO) on different aquatic species generated from 
standard toxicity studies. These studies typically use exposure durations of 24 to 
96 hours, although shorter exposure times (1 to 8 hours) are considered most realistic 
for actual oil spill scenarios. Furthermore, standard tests do not include a recovery 
period or consider the possible long-term impacts. Here, Northern shrimp (Pandalus 
borealis) larvae were exposed for 6 hours and 1 hour to field-realistic concentrations of 
CDO (~ 10 mg L-1 THC), MDO (~ 7 mg L-1 THC), and dispersant only (D; 4%). A control 
with clean seawater served as reference. Both acute as well as chronic effects were 
measured at the end of the exposure and for 30 days post-exposure. The short 
exposure to oil had long lasting effects on the fitness of shrimp larvae. However, there 
were differences with exposure time and between endpoints. Feeding was reduced after 
oil exposure, while all other endpoints (survival, development, growth) were affected 
post-exposure. After 1-hour exposure to oil, only minor effects on survival and feeding 
were found, whereas 6-hour exposure affected all endpoints. Overall, the data indicated 
a greater sensitivity of Northern shrimp larvae to CDO than MDO and no effect from D 
only. Differences in oil droplets size and fractions of dissolved oil components in the 
water potentially explain the greater sensitivity of shrimp larvae to CDO. The data are 
relevant for the Net Environmental Benefit Approach (NEBA) approach and for spill 
responders in taking the best OSR decision i.e. with the best net environmental benefit. 
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Declining sea-ice abundance in the Arctic provides increased opportunities for oil 
exploration and with this the associated risk of an oil spill, especially during the polar 
night. During this period, polar cod (Boreogadus saida), a key arctic fish species, 
spawns and experiences potentially lower food availability. Exposure to crude oil at this 
time could have unknown consequences for their reproduction and concurrent lower 
food availability could impact polar cod’s sensitivity to exposure. In the present study, 
wild-caught polar cod were exposed to the water-accommodated fraction (WAF) of 
crude oil or control conditions over their spawning period. Both exposed and control 
groups were further subdivided into low and high-food rations to assess the combined 
effect of exposure and food availability. Samples were taken at three timepoints (pre-
spawning, spawning window, and post-spawning) and used to assess changes in 
reproductive endpoints. Exposure to the WAF was associated with the induction of 
hepatic biotransformation, shown by increased cyp1a gene expression and PAH 
metabolites in the liver. Samples taken during the spawning window indicated spawning 
was advanced for female polar cod exposed to the WAF of crude oil, with 90% of 
exposed females compared to 56% of the control females having already spawned. 
Moreover, there was a significant change in female gene expression, including the 
differential regulation of 947 hepatic genes. Unlike females, exposure did not lead to 
changes in any of the reproductive endpoints measured in males. Similarly, food ration 
did not have a consistent effect on polar cod´s response to exposure. The results from 
this work indicate that spawning may be a sensitive life event to crude oil exposure in 
polar cod. 
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Fish in the Arctic region are susceptible to effects of pollution from accidental oil spill 
from the expanding petroleum related activities. Investigations toxicological mechanisms 
development of methodologies for future environmental monitoring of key Arctic fish are 
therefore warranted. In this study, liver slice culture was used to investigate 
transcriptome responses to Benzo[a]pyrene (BaP) in a key Arctic fish species, polar cod 
onboard Nanasen Legacy research cruise ship in the Arctic region. Ex vivo liver slice 
culture exposure was performed to BaP-alone or in combination with low concentrations 
of ethynylestradiol (EE2), to simulate physiological levels in early vitellogenic female 
fish. Transcriptome analysis (RNA-seq) was performed after 72 h exposure to map the 
genes and cellular pathways affected by the treatments.  The results provide a global 
view of transcriptome responses to BaP and EE2, which resulted in the enrichment the 
aryl hydrocarbon (Ahr) and estrogen receptor (Er) pathways, respectively. The mixture 
treatment of liver slices by BaP (0.1, 1 and 10 µM) in the absence or presence of 5nM 
EE2 resulted in attenuation of EE2 activated transcription of many genes known to be 
estrogen responsive in the liver of fish. The results from this ex vivo experiment 
demonstrate that Ahr activation by PAHs such as BaP results in anti-estrogenic effects, 
suggesting possible endocrine disruption. Thus, BaP and some other PAHs in crude oil 
contaminating the marine environment from accidental oil spill may have the potential to 
elicit endocrine disrupting effects in fish and need to be further investigated in vivo.  
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The gut microbiome is considered a key factor in the health status of organisms. 
Exposure to contaminants, such as PAHs, could significantly affect physiology, structure, 
and gene expression of the gut microbiome. In our study, we aimed to link changes in 
bacterial identities and activities with fish metabolism following oil exposure. Juvenile 
Atlantic cod (Gadus morhua) were exposed to dispersed crude oil (0.05 ppm) for 1, 3, 7 
and 28 days. Metagenomic analyses (16S rRNA) were performed to characterize the 
species composition, richness and diversity of the gut microbial community. mRNA-
sequencing was also conducted to provide gene expression information within the gut 
microbiome. An Illumina MiSeq platform was used for metabarcoding (V4-V5 region of 
the 16S rRNA gene) and for mRNA sequencing. Diversity indices denoted a decrease in 
gut microbiota richness in oil exposed fish with Vibrionales, Mycoplasmatales, 
Actinobacteridae and Alteromonadale the most abundant orders. The most abundant 
genera were Photobacterium, Aliivibrio and Mycoplasma. A significant increase of those 
genera was observed over time during oil exposure. Evaluation of mRNA indicated the 
occurrence of xenobiotic-responsive genes across multiple bacterial phyla. 
This approach is considered an important step forward to better understand the 
functional relevance of microbiome alteration in the guts of fish exposed to xenobiotics. 
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The adverse outcome pathway (AOP) framework has been introduced to better organize 
(eco)toxicological information, utilize new approach methodologies (NAMs), enhance 
mechanistic understanding, increase cross-species and cross-stressor extrapolations, 
and ultimately bridge research and regulation. Although many research groups have 
started to engage in the AOP framework, some of them are struggling with finding a 
good strategy for developing new AOPs from scratch. This presentation will use two 
case studies to illustrate how networks of AOPs, with weight of evidence (WoE) 
considerations, can be efficiently constructed using a combination of experimental and 
computational approaches. In case 1, high-throughput epigenetic and functional 
analyses were conducted to generate concentration-response, temporal-response and 
multigenerational data in the model crustacean Daphnia magna, after parental exposure 
to a DNA methylation modulator 5-azacytidine. Conceptual toxicity pathways were 
assembled based on the data and biological plausibility. The most sensitive toxicity 
pathways were identified using Gaussian Bayesian network analysis and further 
developed into two AOP networks. The WoE of the AOPs was assessed according to 
the Bradford-Hill considerations and taxonomic applicability domain defined by multiple 
protein sequence alignment using US EPA’s SeqAPASS tool. In case 2, a conceptual 
toxicity pathway network was assembled first based on the known effects and 
mechanisms of a natural stressor, UVB radiation, in planktonic crustaceans. The 
conceptual model was used to guide the selection of endpoints for targeted high-
throughput tests at multiple levels of biological organization in the prototypical species D. 
magna. Quantitative response-response relationships were obtained by fitting the 
experimental data to five predefined mathematical models and used to construct a 
quantitative AOP (qAOP) network. The WoE assessment of the AOP network was 
performed based on the information extracted by automated data mining using a custom 
tool. On the basis of the case demonstrations, an optimized workflow for AOP 
development and evaluation will be suggested. 
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One of the current challenges of environmental risk assessment (ERA) is the 
incorporation of uncertainty in predicted environmental concentration (PEC) and 
predicted no-effect concentration (PNEC). Especially in the context of mixture effects, 
reasonable handling of propagated uncertainties becomes crucial to derive realistic risk 
proxies, such as the risk quotient (RQ; PEC divided by PNEC). Based on three 
Norwegian fjord monitoring case studies stored in NIVA’s Risk Assessment database 
(RAdb), we demonstrate a highly customizable modelling framework in statistical open-
source programming language R to derive RQs and use them together with their 
uncertainties in subsequent mixture toxicity assessment.  
By addressing PEC and PNEC as Bayesian distributional regression models, we can 
directly quantify uncertainties during modelling. PEC models include spatiotemporal 
information and incorporate information on limits of quantification (LOQ) and detection 
(LOD), respectively. PNEC models are based on the species sensitivity distribution 
(SSD) principle (i.e., chronic NOECs as desired endpoint), extended to include all 
possible effect concentrations, include additional information on the species (e.g., 
taxonomy and habitat), and use chemical fingerprinting to identify nearest neighbour 
chemicals for chemicals without effect data.  
Exposure data sets covered 8–137 chemicals, spread across 4–6 sites and 1–14 dates 
per monitoring campaign. Effect data was extracted from the EnviroTox database and 
covered 650–873 species with 11,217–25,408 effect data points for each exposure 
scenario. PEC and PNEC were successfully expressed as distributions and RQs were 
subsequently expressed as distributions for each chemical. Each chemical’s risk 
probability was used to calculate a combined risk, based on the addition principle of 
independent action (IA).  
Our results highlight an important and undervalued aspect of ERA, namely the 
incorporation and propagation of uncertainties during the assessment procedures. We 
provide a flexible methodology to generalize available information in Bayesian ERA 
modelling and quantify uncertainties along the way. 
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Copper is both an essential trace element and a potent pesticide, which in aquatic 
environments also affects non-target species, such as copepods one of the critical links 
in marine food webs. 
The Lethal Concentration 50 (LC50) is the exposure concentration where 50% of the 
test organisms are dead after a specific exposure time. The LC50 is a traditional 
endpoint for toxicity testing, to rank chemicals, and to compare species sensitivity. It is 
used in standardised toxicity testing, but is also an endpoint in many ecological studies. 
Here, we combine literature data from 32 peer-reviewed studies recording LC50 for 
copper in copepods and the respective environmental, developmental, and taxonomic 
parameters during the experiments. The variability in the metadata allowed for a general 
analysis of the drivers of copper sensitivity in copepods. 
Using a generalised additive modelling (GAM) approach, we found that temperature 
affected copper sensitivity only at higher temperatures by increasing toxicity. As 
expected, increasing salinity reduces copper sensitivity, but only to a threshold level 
beyond which a further rise in salinity led to increased sensitivity. Unsurprisingly, nauplii 
are more susceptible to copper exposure than adult copepods.  
The resulting model can be used to predict copper concentration ranges for future 
experiments, but also to generalise findings from one species or compare copper 
sensitivity between phylogenetic orders of copepods. Our approach can easily be 
applied to other toxicants and taxa, and might reveal underlying patterns that are 
otherwise obscured by taxonomic and experimental variability. This way we can have an 
informed analytical approach to range testing in future dose-response experiments.  
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In the past decade, concerns have been growing on the adverse effects of antibiotics 
towards non-target organisms. Besides being designed to stimulate a physiological 
response in organisms, these substances are only partially metabolized after 
administration, being a large amount excreted unaltered or as active metabolites. These 
can then reach the aquatic environment. Moreover, there is still insufficient 
ecotoxicological data on antibiotics such as for azithromycin, that has already been 
detected at high concentrations in the aquatic environment. Therefore, it can constitute a 
threat to organisms as microalgae that are at the basis of the aquatic food chain. 
Raphidocelis subcapitata is one of the freshwater species recommended for 
ecotoxicological bioassays, with a short generation time and high growth rate. In this 
study, a combination of flow cytometry and PAM fluorometry were used as diagnostic 
tools for detecting the toxic mode of action (MoA) of azithromycin in R. subcapitata. 
Endpoints as growth rate, natural pigments content, cell size, cell complexity, cell 
viability, cell cycle and DNA content, formation of reactive oxygen species (ROS), 
mitochondrial and cytoplasmatic membrane potential, lipid peroxidation (LPO) and 
photosystem II (PSII) performance were analysed after 72 hours exposure. Results 
showed that azithromycin negatively impacted the regulation of energy dissipation at 
PSII centers, that in combination with an insufficient protection by regulatory 
mechanisms lead to photodamage in exposed microalgae. The blockage of 
photosynthetic electron flow seen in R. subcapitata led to the formation of ROS and 
consequent oxidative damage and ultimately affected membranes and DNA integrity. 
Overall, the used methodology showed a great potential for detecting the toxic MoA of 
compounds in microalgae and should be considered for future risk assessment of 
antibiotics. 
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The Ocean is a fundamental contributor to human health and well-being. However, the marine 
ecosystems are under substantial and continual anthropogenic pressure. Direct effects of human 
activities, such as overfishing, waste disposal, and unsustainable aquaculture, are now coupled with 
global trends of climate change and ocean acidification. Furthermore, the Ocean serves as a sink for 
anthropogenic chemicals and microplastics that, in many cases, originate from negative side effects 
of legal offshore and coastal activities, urban run-offs and agriculture. Many of the contaminants 
released since the 1930s have later shown to be extremely persistent even after being banned, 
leaving a legacy of adverse effects on reproduction and growth in wildlife also at remote and pristine 
areas, such as the Arctic.  
 
The Atlantic cod (Gadus morhua) is an important species in North Atlantic fisheries, as well as 
coastal and pelagic ecosystems. It is also a widely used indicator species in European monitoring 
programs. The goal of the dCod 1.0-project has been to integrate competencies in environmental 
toxicology, biology, bioinformatics and mathematics across the traditional department boundaries 
and within a Responsible Research and Innovation framework, to create a deeper understanding of 
the Atlantic cod's adaptations and reactions to stressors in the environment. Building on thorough 
studies and mapping of the cod genome and long research traditions on the physiology, toxicology 
and reproduction biology of cod, the dCod 1.0 project will expand our knowledge with genomics-
based methods, with studies of how the cod genome responds under different environmental 
conditions. Through this approach, we hope to be able to develop methods that can be useful in 
assessing the health of the Ocean in various contexts, e.g. as a tool for environmental monitoring 
and risk assessment. 
 
In dCod 1.0 we have generated large amounts of experimental samples and data using in silico 
(defensome modelling and metabolic reconstruction), in vitro (luciferase reporter assays with cod 
nuclear receptors and aryl hydrocarbon receptors), ex vivo (precision-cut liver slices), and in vivo 
aquaria and field studies, as data sets for bioinformatics analyses and mathematical models that can 
describe responses based on different scenarios. These can be important tools in search for tipping 
points and in designing new experiments. 
 
Here we will highlight some results and experiences from the project involving lab and field studies, 
omics analyses, and transdisciplinary activities. How these results can translate into understanding 
environmental change and new practices for marine environmental monitoring will be discussed. 
 
The dCod 1.0 project is funded under the Digital Life Norway initiative of the BIOTEK 2021 program, and 
the iCod 2.0 project under the ECOSYSTEM program of the Research Council of Norway (project no. 
248840 & 244564). 
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The availability of genome sequences, annotations and knowledge of the biochemistry 
underlying metabolic transformations has led to the generation of metabolic network 
reconstructions for a wide range of organisms in bacteria, archaea, and eukaryotes. 
When modeled using mathematical representations, a reconstruction can simulate 
underlying genotype-phenotype relationships. Accordingly, genome-scale metabolic 
models (GEMs) can be used to predict the response of organisms to genetic and 
environmental variations. A bottom-up reconstruction procedure typically starts by 
generating a draft model from existing annotation data on a target organism. For non-
model less-annotated species, this part of the process becomes complicated due to the 
less abundant organism-specific biochemical data. In this paper, we present a draft liver 
reconstruction, ReCodLiver0.9, of Atlantic cod (Gadus morhua), as a practicable guide 
for cases with comparably few resources. We also show its utility in elucidating 
metabolic response mechanisms to environmental toxicants by mapping gene 
expression data of exposure experiments to the resulting model.  
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In vertebrates, a group of nuclear receptor transcription factors named peroxisome 
proliferator-activated receptors (PPARs, NR1C) regulate the expression of many genes 
involved in lipid metabolism. We have recently cloned the four Ppars in Atlantic cod 
(Gadus morhua), including Ppara1 and Ppara2, Pparb/d, and Pparg, and studied their 
tissue specific expression and ligand activation characteristics. However, the 
downstream regulative role of Ppars in cod lipid metabolism is not well understood or 
described.   
In this study, activation of Atlantic cod Ppars by the model agonists WY-14,643 (WY) 
and GW501516 (GW) were studied using ligand-binding luciferase reporter assays in 
vitro. The results showed that whereas WY activated Ppara1 and Ppara2 specifically, 
GW activated both Ppara1, Ppara2, and Pparb/d. GW was also ten-fold more potent for 
Ppara1 and Ppara2, compared to WY. Based on the agonistic activities found in vitro, 
juvenile Atlantic cod was injected twice over four days with either WY or GW in vivo, and 
sampled seven days after the last injection. Using multiple omics methods, including 
RNA sequencing, quantitative proteomics, and lipidomics, liver and plasma samples 
from male cod were analyzed. We found that activation of Ppara1 and Ppara2 by 
WY resulted in an increased transcription of fatty acid transporters and a downregulation 
of lipid receptors and transporters, leading to a shift in the lipid composition in plasma 
and liver cells. In contrast, treatment with GW increased transcription of genes involved 
in lipid transport and downregulated fatty acid oxidation. The lipidomic effects found 
in hepatic microsomes following treatment with GW were similar to that 
seen with WY, but opposite in plasma.   
By combining all omics datasets, we show a separation of fish treated with high dose 
GW that was not seen in the individual datasets. Based on this, we present a list of 
potential biomarkers of Ppar activation. In summary, the resulting multi-omics dataset 
provides a novel insight into the systemic regulation of lipid metabolism in Atlantic cod in 
vivo.  
 
Acknowledgements: The dCod 1.0-project (project no. 248840) and the Centre for Digital Life 
Norway (project no. 248810), financed by the Norwegian Research Council.  
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In the present study, we have employed an ex vivo organ culture technique, based on 
the floating agarose method, of ovarian tissue to investigate the effects of three different 
concentrations of PFOS and PFOA (both at 1, 5 and 25 µM), PFNA (0.5, 5 and 50 µM), 
used singly and also in combination. To investigate the detailed underlying biological 
processes, transcriptome sequencing (Illumina HiSeq 4000) was performed on exposed 
ovarian tissue. We observed that the number of differentially expressed genes (DEGs)  
having at least 0.75 log2-fold change in expression were elevated at high PFOA, PFOS 
and PFNA concentrations, and their mixture, compared to low and medium exposure 
groups and their respective mixtures. At high exposure concentration of PFNA, PFOA, 
PFOS or their mixture, a respective 40, 68, 1295 and 802 DEGs were observed. The 
latter two exposure groups shared a maximum of 438 DEGs. In addition, both PFOS and 
mixture groups, at high dose shared the majority of significantly affected pathways, gene 
ontology biological processes, and molecular functions. The gene ontology analysis 
identified biological functions belonging to cell adhesion, cytoskeleton remodelling, cell 
cycle, apoptosis, lipid metabolism, protein modification, development, immunological 
responses, signalling pathways and cancer. Further, two pathways related to ovarian 
functions, steroid hormone biosynthesis and progesterone mediated oocyte maturation 
pathways were significantly affected by high PFOS and high mixture exposure, 
respectively. Overall, PFOS was shown as a unique compound that alters the biological 
functioning of female gonads, and possibly leading to serious reproductive 
consequences in teleost.  
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Although antibiotics are supposed to specifically target bacteria, several studies have 
shown that they can also be toxic to non-target organisms as microalgae. Therefore, 
their presence in the aquatic environment can be a threat to these photosynthetic 
organisms that are at the basis of aquatic food chain and thus have a key role in 
ecosystem functioning. To date, very few studies addressed the specific effects of 
antibiotics towards microalgae species. An example is doxycycline, a widely used 
tetracycline in human and animal medicine, for which insufficient ecotoxicological data 
exists. This antibiotic has been detected in aquatic ecosystems, as well as wastewater, 
and is known to induce toxicity on primary producers at concentrations in the ppm range 
or lower. Raphidocelis subcapitata is one of the freshwater species commonly used in 
standard ecotoxicity guidelines (e.g. OECD), characterized by a short generation time 
and a high growth rate. The objective of this study was to develop a high-throughput 
method for detecting the toxic mode of action (MoA) of doxycycline in R. subcapitata 
using flow cytometry and PAM fluorometry. Several physiological and biochemical 
parameters were determined in microalgae, namely growth rate, natural pigments 
content, photosystem II performance, cell size, cell complexity, cell viability, cell cycle 
and DNA content, formation of reactive oxygen species (ROS), mitochondrial and 
cytoplasmatic membrane potential and lipid peroxidation (LPO). Results showed 
significant toxicity of doxycycline to key components of microalgal cells, in particular 
impairment of photosynthesis and oxidative stress, therefore revealing its specific MoA. 
Overall, the combination of both diagnostic tools showed a great potential for being 
incorporated into future toxicity bioassays using microalgae, and thus improve the 
currently used strategies for hazard assessment of antibiotics. 
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Ocean acidification (OA) is of critical interest in the Arctic, as the negative trend in 
surface water pH is stronger and faster in colder high latitude waters. Little is known of 
the molecular processes of stress responses to ocean acidification (OA) in zooplankton. 
OA can induce oxidative stress potentially leading to DNA damage, which can impact 
organismal functioning and population stability. This is the first study to investigate OA-
induced DNA damage in an Arctic marine copepod. Acartia longiremis were collected 
from Sandnessund, Tromsø, Norway and three exposures were carried out in summers 
2018 and 2019 at present-day pH 8.1, and reduced pH 7.1, 7.5, 
and 7.7, respectively. The exposures lasted 21-28 days, and mortality and DNA damage 
were analysed weekly. The fast micromethod was used to quantify total DNA strand 
breaks and alkali-labile sites. The early summer exposures (2018 pH 7.1 and 2019 pH 
7.5) resulted in increased mortality at low pH and a non-significant trend of increased 
DNA damage in the pH 7.5 sample. The late summer exposure (2019 pH 7.7) resulted in 
increased mortality and significant DNA damage after 14 days (one-way ANOVA 
p<0.05), possibly due to age-related increase in oxidative damage and the onset of 
senescence. Results indicate that pH regimes predicted for Arctic waters can induce 
mortality and DNA damage in a key pelagic species, with indications 
of seasonal variability. The comparative susceptibility in genetic integrity across 
populations and species is still unknown. The mechanistic capacity to compensate and 
adapt to changing environmental conditions in the Arctic requires further analyses which 
should include assessment of genotoxicity susceptibility and response systems.  
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The impact of petroleum activities on the marine environment and, in particular, the 
consequences on fish stocks and fisheries have been a central issue in Norway since 
the 1970s. One of the key questions is to understand how exposure to petroleum 
compounds affects different life stages of fish. Considering the scarcity of data existing 
on transgenerational impacts of crude oil exposure, the present study aims to fill this 
knowledge gap using Atlantic cod, an important commercial fish species. This project 
investigates the transfer of crude oil compounds from maternal exposure to oocytes and 
the effect of parental exposure on gamete quality as well as embryo development. In 
particular, the individual contaminant accumulation in oocytes is determined and 
subsequent effects on embryo development are investigated. Additional focus is given to 
study effects of altered gamete quality on later developmental stages. Therefore, mature 
fish were exposed to the water soluble fraction of crude oil prior to spawning using a 
standard oiled gravel column set up. In the following, fish were stripped and in vitro 
fertilized eggs were reared under control conditions. Bioaccumulation of crude oil 
compounds in oocytes as well as sperm quality and fertilization success are determined. 
In addition, biotransformation capacity, epigenetic alteration, and genotoxicity will be 
characterized in embryos and larvae using molecular analyses. Furthermore, hatching 
success and apical endpoints in larvae, including malformations and cardiotoxicity, will 
be studied. This work will provide insight into the thus far little researched field of 
transgenerational effects of crude oil exposure in fish. Determining the potential risk of 
parental transfer to offspring and the effects on subsequent generations is of great 
importance for a holistic understanding of the risk from accidental oil spills. 
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Rapid development, increasing demands and short lifespans of electronic equipment 
causes high generation of electronic waste (e-waste). In 2019 alone, approximately 1.5 
billion smartphones were sold world-wide, with around 1.7 million smartphones sold in 
Norway. Mobile phones, especially smartphones are composed of different materials, 
including toxic metals such as nickel, copper, zinc, silver, cadmium and lead, several of 
the rare earth elements (praseodymium, gadolinium, terbium, dysprosium) and organic 
chemicals, e.g. flame retardants and perfluorinated chemicals. E-waste can thus pose 
an environmental threat, when not properly handled. In this study we determine which 
potential toxicants leach from smartphones into seawater, and further study effects of 
leachates on lower trophic marine organisms. Mobile phones of the same brand and 
type were shattered and incubated in natural, unfiltered seawater under gentle agitation 
(20 °C, darkness). Water samples are taken after 1 week, 1 month and 2 month and are 
analysed for elemental concentrations (including toxic metals) with ICP-MS and 
screened for organic contaminants using targeted LC-MS/MS approaches. Incubation in 
seawater resulted in a rapid release/formation of large amounts of fine particles. 
Preliminary results showed that both the dissolved (particles removed with 
centrifugation) and total (particulate and dissolved) fraction of the 1-week leachate 
inhibited the growth of the marine algae Skeletonema pseudocostatum, with the total 
fraction causing larger effects. Further, the total fraction increased mortality in the 
marine copepod Acartia tonsa. Elemental and chemical analyses, as well as additional 
toxicological investigations of the longer-term leachates are currently in progress.   
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INGESTION AND TRANSFER OF MICROPLASTICS PRE-INCUBATED 
WITH AND WITHOUT CRUDE OIL IN THE PLANKTONIC FOOD WEB 

Alessio Gomiero 1,*, Maj Arnberg 1,2, Renee K Beckmann1, Shaw Bamber1 
 

1NORCE - Norwegian Research Centre – Environment dep. Mekjarvik 12, 4070 
Randaberg; 2Akvaplan-niva, Havnegata 9, 7010 Trondheim, Norway. 

 
Marine debris is a growing problem to which plastic makes a major contribution. Recent 
studies have identified several different adverse effect mechanisms. Plastic fragments 
can significantly alter the ecophysiology of marine organisms by clogging the gut and 
digestive system, inducing starvation as well as histological alteration of organs. In 
addition, there is growing evidence of the ability of microplastics to adsorb and act as 
carriers for organic contaminants. The combined effect of microplastic and absorbed 
contaminants on aquatic food webs is still poorly understood. To address this, food web 
transfer experiments were performed by exposing brine shrimp, A. salina, to mixtures of 
artificial and natural particles. The first hypothesis tested was that brine shrimp were 
unable to discriminate between particle types [hypothesis 1]. The chlorophyceae algae, 
D. salina, and Texas red stained fluorescent microbeads were used to test this 
hypothesis. A second line of research tested the hypothesis that microplastic particles 
were able to transfer adsorbed organic pollutants from microplastic to target organisms 
as well as promote the transfer of chemicals from one food level to another [hypothesis 
2]. Northern shrimp (P. borealis) larvae were fed with brine shrimps pre-incubated with 
microplastics spiked with oil. Results from microscopy observations of both artemia and 
shrimp larvae intestines, showed the potential microplastic particles may play as vectors, 
of organic pollutants, transferring from one trophic level to another. Microplastics and 
crude oil were found in the intestine of shrimp larvae after consumption of brine shrimp 
which had ingested microplastic particles spiked with crude oil. Additionally, harmful 
effects were observed in shrimp larvae fed with spiked microplastics that included a 
tendency to swollen intestines and increased mortality rate when compared to the other 
treatments. The impacts of microplastics transfer and possible accumulation of 
pollutants in the food web needs further investigation with exposures more closely 
aligned to natural conditions. 
 
 
 



Poster abstracts 
Poster no.6 

USING FISH EMBRYOS FOR IN SITU EXPOSURE AND EFFECTS 
ASSESSMENT OF MULTIPLE STRESSORS IN THE ENVIRONMENT  

  
Bjørn Henrik Hansen1, Trond Nordtug1, Ida B. Øverjordet1, Lisbet Sørensen1, Bjarne 

Kvæstad1, Emlyn Davies1 and Julia Farkas1  
  

1SINTEF Ocean, Environment and New Resources, 7010 Trondheim, Norway  
  
Low concentrations of organic pollutants cause deleterious effects on early life stages of 
marine fish. Short-term embryonic exposure causes a range of effects like pericardial 
oedema, jaw and craniofacial deformations, yolk sac oedema, lack of pigmentation, 
small eyes and spinal curvatures. Such effects have been observed primarily in 
controlled laboratory studies, however, the potential for such effects to occur in native 
populations following exposure to complex chemical load from anthropogenic and 
industrial effluents remains unknown.  
This project developed technologies to enable the use of lumpsucker (Cyclopterus 
lumpus) eggs for the purpose of environmental monitoring of multiple stressors in the 
marine environment. A prototype container for housing fish eggs in the sea over several 
weeks have been designed, built and successfully implemented. A field survey was 
conducted exposing eggs at seven sites in the Trøndelag area; two in contaminated 
harbour areas, three close to aquaculture facilities and two reference locations. After 
field deployment for three weeks, eggs were collected for extraction and analyses of 
a  range of legacy and emerging pollutants. In addition, live eggs were transferred to 
clean water in the laboratory  to assess embryo and larvae for toxicity endpoints. Distict 
pollutant accumulation patterns were observed in eggs from the different sites. Survival 
and hatching success was comparable between stations. An automated analyses tool 
for heart rate and biometry were developed and tailored for lumpsucker to assess 
potential cardiotoxicity and larvae deformation. Preliminary results suggest that there 
were morphological differences in hatched larvae after embryonic exposure at the 
different locations.  
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MICROPLASTIC IN THE CITIES - WHERE DOES IT COME FROM, WHERE 
DOES IT GO?  

  
Taran Henriksen1, Alessio Gomiero2, Kjell Birger Øysæd2, Marte Haave1,3  

  
1University of Bergen, Allégaten 41, 5007 Bergen, 

Norway; 2NORCE Environment, Mekjarvik 12, 4070 Randaberg, 
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Microplastic (MP) pollution is an issue of emerging public concern. Despite the recent 
advances, there is still a substantial lack of knowledge regarding the sources, 
concentrations, and distribution of MP in urban areas, which are likely important sources 
of MP dispersal to the ocean. MP (here defined as <1mm) were extracted from 21 
samples of sediment from roadside sweepings and sand traps, collected from nine 
locations in the urban and suburban area of Bergen, Norway. The extraction was 
performed by density separation with ZnCl2 (1.7 g/cm3) with a MicroPlastic Sediment 
Separator. Obtained samples were purified by enzymatic 
and strong oxidative treatments and size fractionated. Large MP (LMP:500-1000 μm) 
were identified by ATR-FTIR. Small MP (SMP:50-500 μm) were identified by Pyrolysis 
GC-MS. Both SMP and LMP were found in all samples (LMP:611.7 to 1.792 mg/kg dw, 
SMP:597.7 to 1.127 mg/kg dw). Polymer identification showed that tire wear particles 
(TWP) were dominant in both size classes. However, the quantification by this method is 
uncertain as TWP are qualitatively extracted from the matrix since TWP resulting density 
varies according to the extent of incorporated minerals. The roadside sweepings from 
urban areas had an average MP concentration of 192.9 mg/ kg dw, while the suburban 
areas had 24.77 mg/kg dw. The MP concentrations from the sand traps were, on 
average, 432.2 mg/kg dw from the urban areas and 607.7 mg/kg dw from the suburban 
areas. MP concentrations were 36.2% higher in summer than in the fall, possibly due to 
less surface run-off and more traffic. This study is the first to report MP concentrations 
from both sand traps and roadside sweepings in an urban area. The study adds valuable 
insight into levels and distribution of MP in urban areas as hotspots, where MP are 
generated and may be accumulating or dispersed at high levels.   
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SPECIATION, UPTAKE AND TOXICITY OF Al, Ni, Zn & Cu MIXTURES IN 
COPEPOD TISBE BATTAGLIAI – KALDVELFJORD CASE STUDY  

  
Emil Jarosz1, Chloe Lucy Eastabrook3,4, Raoul Wolf3, Knut Erik Tollefsen1,2,3,   

Hans-Christian Teien1,2  
1NMBU-Norwegian University of Life Science (NMBU), Faculty of Environmental 

Sciences and Natural Resource Management, Universitetstunet 3, 1432 Ås, Norway  
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Norway  
3Norwegian Institute for Water Research (NIVA), Gaustadalléen 21, 0349 Oslo,   

Norway  
4 Newcastle University, Newcastle upon Tyne, NE1 7RU, United Kingdom  

  
Metal rich runoff as a result of deposited iron sulphide-containing bedrock after 
construction E18 highway in southern Norway entering coastal water in Kaldvellfjord. 
Thus, aquatic organisms were exposed to several trace metals. The focus of this study 
was 1) to characterize metal speciation, 2) determine the associated concentration 
(uptake) and 3) to link then to observed effect (mortality) in marine 
copepods Tisbe battagliai.   
Among many metals found at elevated levels in Kaldvellfjord, copper, nickel, zinc and 
aluminium were assumed to significant contribution to cumulative risk. Toxicity test (48h) 
were performed for adults in age of 12±2 days in fixed conditions (20±2 °C, pH = 8,1±1, 
salinity 30‰). Determination of uptake was performed in concentrations of LC5, LC10 
and LC25. In mixtures, the second metal was added in conc. of LC10(48h). Quantitative 
and qualitative analysis of metals in both, water and digested tissues were obtained 
using inductively coupled plasma – mass spectrometry (ICP-MS) method. For the 
determination of metal size distribution, 0.45µm membrane filters, <10kDa hollow-fibre 
ultrafilter, as well as Chelex resin were used.  
Among examined metals copper and zinc was determined as the most toxic with the 
LC50(48h) value of 1,1 and 3,5 µmol/L respectively. Mixture toxicity test resulted with 
conclusion that the most toxic mixture is a combination of Cu and Al with LC50(48h) equal 
to 0,2 µmol/L. Water fractionation showed that selected metals are present in different 
forms dependently on exposure concentration. Al and Ni are present in LMM, while Zn 
and Cu have tendency to form particles. Results of “uptake” tests show that Zn 
associated to the body burden is significantly higher when present in each selected 
mixture. For instance, the percentage of Zn and Cu particles increases when both 
metals present in mixtures. This form of the metal seems to be more bioavailable for 
copepods and leads to higher accumulation which potentially leads to hypothesis that 
observed increased mortality is a result of joint effect of these two metals. Speciation will 
affect the uptake and accumulation in organisms and thus potentially influence the 
toxicity of the metals to aquatic organisms as uptake is correlated to toxic effects.  
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TEMPORAL TRENDS OF PERSISTENT ORGANIC POLLUTANTS IN ARCTIC 
FOXES (VULPES LAGOPUS) FROM SVALBARD   

  
Gabriel A. Méndez-Collí1, Eva Fuglei2, Jan L. Lyche3, Åshild Ø. Pedersen2, Nigel G. 

Yoccoz1, Heli Routti2  
  

1Department of Arctic and Marine Biology, UiT The Arctic University of Norway, Tromsø 
9019, Norway; 2Norwegian Polar Institute, Fram Centre, Tromsø 9296, 

Norway; 3Norwegian University of Life Sciences (NMBU), Oslo 0454, Norway  
  
Recent evidence shows that temporal changes of persistent organic pollutants (POPs) in 
Arctic ecosystems are not only due to emission patterns and regulations; weather-
related changes in prey availability and long-range transport may also influence 
concentrations of these compounds in tissues of Arctic predators. Arctic foxes (Vulpes 
lagopus) in Svalbard, Norway, scavenge opportunistically for variable diet items 
throughout the year. In this study, we will update temporal trends of POPs in Arctic foxes 
from Svalbard. Organochlorinated pesticides (OCPs), polychlorinated byphenyls (PCBs) 
and brominated flame retardants (polybrominated diphenyl ethers [PDBEs] and 
hexabromocyclododecane [HBCDD]) will be analysed in total 221 liver samples from 
1997 to 2019. Stable isotope values (�13C, �15N) in muscle tissue will be used as proxies 
for feeding on marine versus terrestrial diets and trophic level respectively. Reindeer 
carcasses, size of geese population and sea ice cover will be used as proxies for food 
availability. Additive models will be used to analyze temporal trends of POPs in relation 
to variation in feeding habits, food availability and body condition. Measured POP trends 
will be compared to trends corrected for temporal variation in diet and food availability, to 
investigate the potential effect of direct or indirect weather-related changes on POP 
trends.  
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Flow cytometry in ecotoxicology assessment using Mytilus 
edulis haemocytes   

  
Michelangeli M.E. and Gomes T.  
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Mussels have been globally recognized as bioindicators in environmental pollution and 
model organisms in ecotoxicology studies. Mussel heamocytes play a key role in 
immunotoxicty covering a wide array of processes resulting in a primary role against 
xenobiotic substances. In most of in vivo methodologies, haemocytes are considered as 
a single battery of cells as they consist of different subpopulations with different 
sensitivity against toxic substances. The aims of this study were to (i) categorize 
mussels haemocytes subpopulations with a combination of light microscopy and flow 
cytometry and (ii) develop an accurate and reliable methodology to employ 
mussel haemocytes as model targets in ecotoxicology assessment. In confirmity with 
their morphological characteristics haemocytes have been classified in three 
subpopulations: granulocytes (23.64 ± 7.37 µm) containing numerous granules of 
various size, agranular hyalinocytes (17.14 ± 5.71 µm) and homogeneous blast-like cells 
(8.8 ± 2.85 µm). According to flow cytometry results, based on light and forward scatter 
characteristics, granulocytes and hyalinocytes were recorded as the main populations 
composed by cells with a high and intermedia internal complexity and larger size. On the 
other hand, blast-like cells were smaller and less complex.The physiological, 
biochemical and immunological status of mussel haemocytes were also assessed by 
flow cytometry, namely mortality, cell viability, reactive oxygen species (ROS) formation, 
cellular and mitochondrial membrane potential and lipid peroxidation (LPO). In general, 
hyalinocytes exhibited higher oxidative (ROS formation and LPO), metabolic and 
membrane activities (cellular and mitochondrial), followed by granulocytes and blast-like 
cells. Using the methodolgy developed, mussels will be exposed to nanoplastics to 
evaluate their ecotoxicological impact for further use in environmental hazard 
assessment of plastic pollution.  
  
Acknowledgement – This work was supported by NIVA’s strategic research 
programme and the project MicroLEACH funded by the Norwegian Research Council 
(grant number: 295174).  
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CHARACTERISATION OF CUMULATIVE RISK OF POLLUTANTS TO MARINA 
ORGANISMS IN SØRFJORDEN, NORWAY  

  
Karina Petersen1, Raoul Wolf1, Anders Ruus1,2, and Knut Erik Tollefsen1,3,4   

   
1Norwegian Institute for Water Research (NIVA), Gaustadalléen 21, 0349 Oslo, 

Norway, 2University of Oslo, Department of Biosciences, PB 1066 Blindern, 0316 Oslo, 
Norway, 3Norwegian University of Life Sciences (NMBU), Universitetstunet 3, 1432 Ås, 

Norway, 4Centre for Environmental Radioactivity (CERAD), Universitetstunet 3, 1432 Ås, 
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Sørfjorden 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 ton of mercury, 
1835 tonnes of zinc, 773 tonnes of lead, and 24 tonnes of cadmium occurred in 1985. 
The condition of Sørfjorden have been monitored by several monitoring programs 
measuring concentrations of a wide range of contaminants (incl. metals) in biota, water 
and/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 and identify 
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 retrospective 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 the CRQ. The study shows that there is a predicted risk for 
biological effects in organisms in Sørfjorden due to water-borne exposure to pollutant 
mixtures.   
 
Acknowledgements: Financing-RCN268294 “Cumulative hazard and risk assessment of 
complex mixtures and multiple stressors (MixRisk)” and NCTP: NIVA’s Computational 
Toxicology Program (www.niva.no/nctp).  
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Oslo, the capital of Norway, is situated by the Inner Oslofjord. The fjord is affected by 
municipal discharges, industry and boats/ships. Furthermore, various environmental 
contaminants enter the fjord by rivers and streams, and through stormwater. The 
conditions of the Inner 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 sediment samples [1,2]. The objective of the present study 
was to use data gathered through the “Urban fjord” monitoring programme (administered 
by the Norwegian Environment Agency and carried out by NIVA) to perform a 
retrospective cumulative environmental risk assessment (CRA), identify species groups 
of highest risk for toxicological effects and identify the main contributing stressors to the 
predicted environmental risk.   
  
“Urban fjord”-data from 2016 [2] was imported into the NIVA Risk Assessment database 
(NIVA RAdb, www.niva.no/radb). Concentrations in stormwater were used to perform a 
retrospective 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. 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. The study shows 
that there is a predicted risk for biological effects in organisms exposed to stormwater 
entering the Inner Oslofjord.   
  
Acknowledgement: Financing-RCN268294 “Cumulative hazard and risk assessment of 
complex mixtures and multiple stressors (MixRisk)” and NCTP: NIVA’s Computational 
Toxicology Program, NCTP (www.niva.no/nctp).  
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Rural emission to Kaldvellfjorden in Norway and characterization of 
cumulative risk of metals 
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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 sulfide-bearing bedrocks. Exposure 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 constructed. 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 component-based Cumulative 
Risk Assessment (CRA) using the NIVA Risk Assessment database (NIVA RAdb, 
www.niva.no/radb) to predict site-specific impacts. The resulting CRA demonstrated that 
fish had the 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 of caged 
Atlantic 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 organisms. The 
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 assessments 
of complex exposure scenarios.  

 
Acknowledgement: This project was supported by the Research Council of Norway 
through project 268294: Cumulative hazard and risk assessment of complex mixtures 
and multiple stressors (MixRisk), Centre of Excellence funding scheme, project number 
223268/F50 and NIVAs Computational Toxicology Program (www.niva.no/nctp). 



Poster abstracts 
Poster no. 14 
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Knowledge of how single chemicals and their complex mixtures affect organisms, e.g., 
their mode of action (MoA) and how these perturbations project to adverse effects 
(outcomes), is continuously increasing due to extensive bioassay testing activity 
worldwide. However, generation of such effect data, typically by bioassays ranging from 
classical (eco)toxicological tests to New Approach Methodologies (NAMs), is rapidly 
generating  disparate data sets that are not easily integrated. Efforts to link MoAs to 
adverse outcomes at individual and population levels using Adverse Outcome Pathways 
(AOP) lends a great promise to facilitate such integration, and developing computational 
approaches to harvest AOP-informed data and conduct quantitative evaluations for 
mechanisticaly oriented hazard and risk assessment are thus highly warranted. Efforts 
to develop new AOPs, quantitate the relationships of events across the AOP continuum 
(quantitative AOPs) and interpret these in terms of ecological relevance are thus quickly 
becoming bottlenecks in successful use of an ever increasing amount of effect data. 
This applies in particular to the transition from single chemical assessment to cumulative 
hazard (CHA) and cumulative risk (CRA) assessments of “real world” exposure 
scenarios, where a high degree of complexity reigns and standardised approaches are 
lacking.   
The present work demonstrates how AOP-informed exploitation of effect data from 
different bioassays and exposure information from monitoring studies can be used to 
identify suitable bioassays, toxicity pathways and endpoints, and predict the hazard 
potential of single chemicals, complex mixtures and multiple stressors. It also 
presents how site-specific exposure data can be used to characterise “risk” profiles and 
identify “risk” hot spots, susceptible species groups (taxa), risk drivers, and MoA of 
relevance for a given exposure scenario using bioassay data from different levels of 
biological organisation.   
 
Acknowledgements: Financing-RCN268294 “Cumulative hazard and risk assessment of 
complex mixtures and multiple stressors (MixRisk)” and NCTP: NIVA’s Computational 
Toxicology Program, NCTP (www.niva.no/nctp).  
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Triclosan is a broad-spectrum antimicrobial and disinfectant agent that has been used 
for almost 30 years in a vast array of personal care and consumer products. Triclosan 
has been identified as an endocrine disruptor (EDC) and, more recently, evidences 
emerged regarding its ability to interfere with lipid homeostasis. Precision-cut tissue 
slices (PCTS) represent an ex vivo approach, largely used in mammalian research, 
whose application in the area of aquatic toxicology is still limited to fish. We evaluate 
here the effects of triclosan in the lipidome of the digestive gland of the 
mussel Mytilus galloprovincialis, a sentinel species widely used in environmental 
biomonitoring programs. To this end, PCTS sectioned from the digestive gland (400 um 
thickness) were exposed to environmentally relevant concentrations of triclosan (10, 100 
and 500 nM) for 24 h. Lipids extracted from both, PCTS and culture medium, were 
analyzed by Flow Injection Analysis coupled to High Resolution Mass Spectrometry 
(FIA-HRMS) and evaluated under targeted and untargeted approaches. A tendency 
towards an increase of triacylglyerols (TG) and a decrease in phospholipids, including 
phosphatidylcholines (PC), phosphatidylethanolamines (PE), phosphatidylinositols (PI) 
and phospatidylglycerols (PG), was observed in the exposed PCTS. The analysis of 
culture medium evidenced a statistically significant decrease of cholesteryl esters (CE) 
and other sterols, sphingomyelins (SM), PCs and PEs, after exposure to 
triclosan. These results indicate that triclosan alters the lipid composition of the digestive 
gland of mussels, and possibly downregulates the excretion of extracellular vesicles and 
modifies its lipid composition. These alterations can affect lipid dynamics in mussels, 
including lipid synthesis and distribution to other organs (i.e. 
gonads), with possible consequences in reproduction.   
  
Acknowledgements – LipidPrint PGC2018-097513-B-I00 (MCIU/AEI/FEDER, UE)  
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Nowadays, the increasing atmosphere CO2 concentration associated with anthropogenic 
CO2 emissions is causing the average pH of oceans declining at a rate of about 0,002 
per year, which could lead to a potential drop of 0,3 to 0.4 units by 2100. The typical 
changes linked to ocean acidification (OA) are increased partial pressure of carbon 
dioxide (pCO2), H+ and HCO3−, decreased concentrations of CO32− and decreases in the 
CaCO3 saturation state. In addition, in the marine environment, organisms are exposed 
to OA and other stressors, such as UVB radiation (UVB) simultaneously. However, there 
is still a lack of knowledge about how the combined effect of UVB and OA will impact 
primary producers. The objective of the present study was to investigate the effects of 
CO2 and UV radiation on the diatom Skeletonema costatum using a combination of 
genomic, functional and apical (adverse) toxicity endpoints. Small-scale 
CO2 experimental systems (multiple stress chambers) were constructed to provide 
CO2 levels of ~ 350-1000 ppm pCO2 (pre-industrial, present day and future oceanic 
CO2) and placed into UV exposure chamber (0.25 w/m2). 72h exposure to elevated 
CO2 caused an increase in S. costatum reproduction rate. At the cellular level, increased 
CO2 reduced ROS formation, lipid peroxidation, carotenoids and increased chlorophyll 
(Chl a and Chl b) accumulation in S. costatum. There was no significant change in 
photosystem II performance after single CO2 exposures. However, single UVR induced 
strong ROS formation, LPO and also reduced PSII efficiency and chlorophyll content 
after 72h exposure. When exposed in combination, enhanced effects on chlorophylls 
accumulation was observed. Additive effects were observed for oxidative stress, PSII 
performance and growth responses, which indicated OA and UVR have independent 
modes of action in diatoms and there is no interaction between them under the present 
exposure scenarios.    
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