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Welcome Letter 

 
Dear colleagues, 

 

It is with great pleasure that the members of the Organising Committee welcome you to the 

Norwegian Environmental Chemistry Symposium (NECS-2020) in Loen. It is certainly not easy 

to organise a conference in these days when most meetings are held as virtual video meetings. We 

believe it is most relevant than ever for scientists to meet face-to-face, of course under strict 

coronavirus rules, to discuss research and inform each other on advances in the field of 

environmental chemistry.   

 

This symposium builds upon a long lasting national tradition of Norwegian conferences on 

environmental chemistry dating back to the annual Norwegian environmental chemistry winter 

meetings (1998 – 2013). In this tradition, NECS will be developed as a continuous meeting series 

for a Norwegian professional network on all aspects of environmental chemistry. The NECS 2020 

will provide an inspiring platform for interdisciplinary knowledge transfer and scientific 

discussions among Norwegian and international specialists. The NECS symposium is organized 

under the auspices of Norwegian Chemical Society’s Division for Analytical Chemistry (NKS-

FAK) as an independent organization. 

  

When we started planning this symposium a year ago, nobody thought about the challenges that 

would come with the coronavirus pandemic. We had plans to invite colleagues from other Nordic 

countries and beyond. Travel restrictions made this impossible. However, the response to the call 

of papers from Norwegian colleagues was impressive, and we are proud to present a bouquet of 

about 40 highly interesting lectures.   

 

We can assure you that we during the symposium will strictly follow the regulations given by the 

health authorities and, together with the professional help from Hotel Alexandra, take necessary 

measures to ensure the safety of all participants. 

 

We know that the natural beauty of the area will captivate you and complement the scientific 

endeavour, and we hope you all will have an exciting and memorable conference and stay in Loen. 

 

On behalf of the Organising Committee 

 

Yngvar Thomassen 

Symposium Chair 
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Organising Committee 

Yngvar Thomassen 

National Institute of Occupational Health, Oslo and 

Norwegian University of Life Sciences, Ås, Norway 

 

Oddvar Røyset 

Norwegian Chemical Society 

Røyset AS, Oslo, Norway 

 

Georg Becher 

University of Oslo, Norway 

 

Roland Kallenborn 

Norwegian University of Life Sciences, Ås, Norway 

 

Rolf D. Vogt 

University of Oslo, Norway 

 

Elin Gjengedal 

Norwegian University of Life Sciences, Ås, Norway 

 

Lindis Skipperud 

Norwegian University of Life Sciences, Ås, Norway 

 

 

General Information 

 

Conference Desk 

 
The conference desk is located in the conference foyer of Hotel Alexandra. It will operate as 

follows: 

 

Sunday  September 13  15:00 – 18:00 

Monday September 14   07:30 – 10:00 

 

Participants are requested to register as soon as possible upon arrival to Hotel Alexandra, Loen. 

 

Conference Venue 

 
All oral and poster sessions will be held in Loensalen of Hotel Alexandra. 

 

Tel: +47 57 87 50 00  Fax: +47 57 87 50 51  Email: alex@alexandra.no 

Homepage: www.alexandra.no 

 

Meals 

 
Participants staying at Hotel Alexandra are served breakfast, lunch and dinner (all included in 

their accommodation package). 

 

 

mailto:alex@alexandra.no
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Social Programme 

 
Sunday, September 13, 17:00 - 19:00: Informal get-together in the Hotel Alexandra Bath & 

                                                                 Spa 

 

All delegates and accompanying persons are invited to enjoy the heated outdoor swimming pool 

and refreshments.   

 

 

Scientific Programme 

 
Oral presentations 

Invited lectures and submitted oral contributions will be 30 and 20 minutes in length, 

respectively (including discussion). 

 

Posters 

The posters should be mounted in the early morning on Monday, September 14, in the poster 

area located next to the lecture room. Materials for poster mounting are available either from the 

conference desk or in the poster mounting area. 

 

Language 

The official language of the conference is English. 

 

 

Liability  
 

The Organising Committee declines any responsibility whatsoever for injuries or damages to 

persons or their property during the conference. 

 

 

Sponsors and exhibitors 
 

The conference is sponsored by the Research Council of Norway 

 

 

The following company has registered for display and demonstration: 

 

 

 

 

 

 

 

Correspondence after the symposium 
 

Yngvar Thomassen 

National Institute of Occupational Health 

Oslo, Norway 

Tel: +47 23 10 53 20/+47 99510521 

E-mail: Yngvar.Thomassen@stami.no 

mailto:Yngvar.Thomassen@stami.no
https://www.chemsupport.no/
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Scientific Programme: 

 

Monday, September 14, 2020 
 

Time Abstract  

08:30- 

09:00 
 Welcome/Opening remarks 

Yngvar Thomassen, Conference chairman 

 

Session I: Climate change 
Chairman: Oddvar Røyset 

 
09:00- 

09:30 

O-1 Climate change and the oxidation capacity of the atmosphere 
Terje Berntsen  

Department of Geosciences, University of Oslo, Norway 

 
09:30- 

10:00 

O-2 Emissions of NO and N2O from N-saturated, subtropical forest and their 

response to climate-change induced effects on C, N and water cycles 
Jan Mulder 

Faculty of Environmental Sciences and Natural Resource Management, Norwegian 

University of Life Sciences, Ås, Norway 

 
10:30- 

11:00 

O-3 Hydrogen as a zero carbon energy carrier ï The role of hydrogen for 

decarbonising the society and the potential for value creation in Norway 
Magnus Skinlo Thomassen, Department of Sustainable Energy Technology, 

SINTEF, Oslo, Norway 

 
11:00- 

11:20 

O-4 Pressures governing dissolved natural organic matter 
Rolf David Vogt and Camille Marie Crapart, Centre of Biogeochemistry in the 

Anthropocene, Faculty of Mathematics and Natural Sciences, University of Oslo, 

Norway, and Section of Environmental Chemistry, Department of Chemistry, 

University of Oslo 

 
11:20- 

11:50 
 Coffee break, exhibition and poster viewing 

 

Session II: Inorganic pollution 
Chairman: Elin Gjengedal 

 
11:50-

12:20 

O-5 Distinguished Speakers Lecture: 

Atmospheric transport of metals to Norway over the last 40 years 
Eiliv Steinnes 

Department of Chemistry, Norwegian University of Science and Technology, 

 Trondheim, Norway 

 
 

12:20-

12:50 

O-6 Traceability, the new SI and environmental radiochemical analysis 
Simon Jerome 

Faculty of Environmental Sciences and Natural Resource Management, Norwegian 

University of Life Sciences, Ås, Norway 
 

13:00- 

14:00 

 Lunch  
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Session II continues: Inorganic pollution 
Chairman: Rolf Vogt 

 
14:00- 

14:30 

O-7 Heavy metal pollution of Sørfjorden and Hardangerfjorden, Norway ï 

Temporal and spatial development of distribution and new insights based 

on stable mercury isotope measurements 
Amund Maage, Atabak Azad, Sylvia Frantzen, Kåre Julshamn, Michael S. Bank, 

Ingrid A. Johnsen, Lise Madsen, Monica Sanden – Institute of Marine Research 

Bergen/University of Bergen, Norway 

Emmanuel Tessier, David Amouroux – CNRS/University of Pau & Pays, France 

Ana Rua-Ibarz, Eduardo Bolea-Fernandes, Frank Vanhaecke – Atomic & Mass 

Spectrometry Research Group, Department of Chemistry, Ghent University, Belgium 

 
14:30-

14:50 

O-8 Process Industries in the Circular Economy ï PRICE  - a competence 

building project  
Dag Øistein Eriksen, 

Department of Chemistry, University of Oslo, Norway 
 

14:50-

15:10 

O-9 Chromium speciation in high acidic and saline industrial solutions  
Deniz Avsar  

Department of Chemistry, University of Oslo, Norway 

 

15:10-

15:30 

O-10 Heavy metal concentration of municipal solid waste incineration fly ashes 

ï Recycling and recovery of materials and metals 

Eirik Nøst Nedkvitne, 

Department of Chemistry, University of Oslo, Norway 

 

15:30-

15:50 

O-11 Exposure effect and risk of norm and metals ï Case road and tunnel 

construction in alum shale areas 
1Lindis Skipperud, 1Frøydis M. Wærsted, 1Hans-Christian. Teien, 2Knut Erik 

Tollefsen. 
1Center of Environmental Radioactivity (CoE), Norwegian University of Life 

Sciences, ÅS, Norway, 2Norwegian Institute for Water Research, Oslo, Norway 
 

15:50 

16:10 

 

O-12 Spatial trends of heavy metals in soil from a tropic region 
Susanne Jøntvedt Jørgensen, Maja Nipen and Rolf Vogt 

Centre of Biogeochemistry in the Anthropocene, Faculty of Mathematics and Natural 

Sciences, and Section of Environmental Chemistry, Department of Chemistry, 

University of Oslo, Norway 

 

16:10- 

16:40 

 Coffee break, exhibition and poster viewing 

 

 

Session III : Artic Environment  
Chairman: Roland Kallenborn 

 
16:40- 

17:10 

O-13 Contaminants in the Arctic ï identification of new candidates and 

influences of climate change 
Katrin Vorkamp, 

Aarhus University, Department of Environmental Science, Roskilde, Denmark 
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17:10-

17:40 

O-14 Modelling environmental behaviour and bioaccumulation of organic 

contaminants in the Arctic ï Combining modelling and empirical surveys 
Ingjerd Sunde Krogseth, NILU – Norwegian Institute for Air Research,  

Fram Centre, Tromsø, Norway  

 

17:40-

18:10 

O-15 Arctic Monitoring and Assessment Program (AMAP) - areas of activities 

and outlook for the future  

Rolf Rødven 

AMAP secretariat, Tromsø, Norway 
 

18:10-

18:30 

O-16 Svalbard local air contamination by PAHs and nitro- and oxy- PAHs 
Tatiana Drotikova1,2, Alexandre Albinet3, Anne Karine Halse4, Helena C. Reinardy1,5, 

Aasim M. Ali6, and Roland Kallenborn1,2  
1University Centre in Svalbard (UNIS),  Longyearbyen, Norway, 2Norwegian 

University of Life Sciences (NMBU), Ås, Norway; 3Institut National de 

l’Environnement Industriel et des Risques (INERIS), Verneuil en Halatte, France; 

4Norwegian Institute for Air Research (NILU), Kjeller, Norway; 5Scottish 

Association for Marine Science (SAMS), Oban, Argyll, United Kingdom; 6Institute 

of Marine Research (IMR), Bergen, Norway 
 

From 

19:00 
 Dinner 

 

 

Tuesday, September 15, 2020 
 
Time Abstract  

 Session IV: Environment and Health 
Chairman: Georg Becher 

 

08:30- 

09:00 

O-17 Human health impact of airborne particulate matter and adhered 

components 
Marit Låg, Tonje Skuland, Vegard S. Grytting, Magne Refsnes, Anette K. Bølling, 

Jørn A. Holme and Johan Øvrevik 

Section of Air Pollution and Noise, Department of Environment and Health, 

Norwegian Institute of Public Health, Oslo, Norway 

 
09:00-

09:30 

 

O-18 Characterization of ultrafine particles collected in workroom air  
Torunn Ervik  

National Institute of Occupational Health, Oslo, Norway 

 

09:50-

10:10 

O-19 Human exposure to airborne ultrafine particulate matter 
Yngvar Thomassen 

National Institute of Occupational Health, Oslo 

Faculty of Environmental and Natural Resource Management, Norwegian University 

of Life Sciences, Ås, Norway 
 

10:10-

10:30 

O-20 Characterization and bio-accessibility of manganese in particulates from 

workroom air in silico- and ferromanganese smelters 
Stine Eriksen Hammer1, Torunn Ervik1, Dag G. Ellingsen1, Yngvar Thomassen1, 

Stephan Weinbruch1,2, Nathalie Benker2 and Balazs Berlinger1 
1National Institute of Occupational Health, Oslo, Norway, 2Technical University of 

Darmstadt, Institute of Applied Geosciences, Darmstadt, Germany 
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10:30- 

10:50 

O-21 Asbestos fibres in building materials mobilized by weathering 
Torunn Ervik, Stine Eriksen Hammer and Pål Graff  

National Institute of Occupational Health, Oslo, Norway 

 
10:50-

11:20 

 Coffee break, exhibition and poster viewing 

 
  

Session IV continues: Environment and Health 
Chairman: Yngvar Thomassen 

 

11:20- 

11:50 

O-22 Childrenôs toxic environmental exposures and brain health in a global 

context 
Kam Sripada, Centre for Global Health Inequalities Research (CHAIN), Norwegian 

University of Science & Technology (NTNU), Trondheim, Norway 

 
11:50-

12:20 

O-23 HELIX: The human early -life exposome project: Results from 

biomonitoring and impact on health 
Cathrine Thomsen and Line Småstuen Haug, Norwegian Institute of Public Health, 

Oslo, Norway 
 

 

12:20- 

12:40 

 

 

O-24 
The Norwegian Environmental Biobank ï An important resource for the 

future    
Line Småstuen Haug and Cathrine Thomsen, Norwegian Institute of Public Health, 

Oslo, Norway 

 
13:00-

14:00 

 Lunch 

 
 

Session V: Marine Environment  
Chairman: Lindis Skipperud 

 

14:00- 

14:30 

O-25 Source tracking of oil contamination by mass spectrometry 
Magne O. Sydnes and Daniela M. Pampanin 

Department of Chemistry, Bioscience and Environmental Engineering, 

University of Stavanger, Norway 
 

14:30- 

14:50 

O-26 Development of a battery of Atlantic  cod receptor-based reporter  

bioassays for  assessing environmental toxicity:  Results from the dCod 1.0 

and PW-exposed projects 

Anders Goksøyr, Siri Øfsthus Goksøyr, Christine Tveiten Johansen, Helene 

Sørensen, Alexander Klevedal Madsen, Fekadu Yadetie and Odd André Karlsen. 

Department of Biological Sciences, University of Bergen, Norway 

 

14:50- 

15:10 

O-27 Crude oil toxicity in fish early life -stages: Effect-directed analysis reveals 

strong mixture effects 
Carey E. Donald1, Elin Sørhus1, Charlotte Langeland Nakken1,2, Prescilla Perrichon3, 

Lisbet Sørensen4, Bjørn Henrik Hansen4, Sonnich Meier1 
1Institute of Marine Research, Marine Toxicology, Bergen, Norway,  
2University of Bergen, Department of Chemistry, Norway,3Institute of Marine 

 Research, Reproduction and Developmental Biology, Storebø, Norway,  
4SINTEF Ocean AS, Environment and New Resources, Trondheim, Norway 
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15:30- 

16:00 

 Coffee break, exhibition and poster viewing 

 

 

Session VI : Plastics in the Environment 
Chairman: Marit Låg 

 

16:00- 

16:30 

O-28 Should plastic additive chemicals be considered in micro-plastic effects 

assessment 
Andy M. Booth, SINTEF Ocean, Trondheim, Norway 

 
16:30- 

16:50 

O-29 Plastic materials in biogas digestate used as soil amendment 
Claire Coutris, Pierre-Adrien Rivier, Monica Fongen, Erik J. Joner 

Norwegian Institute of Bioeconomy Research (NIBIO), Ås, Norway 

 

16:50- 

17:10 

O-30 How degradable are biodegradable plastics during composting? 
Pierre-Adrien Rivier, Andreas Brilke, Erik J. Joner, Claire Coutris 

Norwegian Institute of Bioeconomy Research (NIBIO), Ås, Norway 

 
17:10-

17:30 

O-31 Detection and quantification of tire wear particles in gully pot sediments 
1Demmelash Mengistu and 2Claire Coutris, 
1Norwegian University of Life Sciences (NMBU), Faculty of Science and 

Technology, Ås, Norway, 2Norwegian Institute of Bioeconomy Research (NIBIO), 

Ås, Norway 

   
17:30-

18:00 
 Periodesystemet for Dummies 

Eivind Torgersen 

University of Oslo, Norway 

 
From 

19:00 
 Dinner 

 

 

Wednesday, September 16, 2020 
Session VII: Atmospher ic Environment 

Chairman: Rolf Rødven 

 
Time Abstract  

08:30-

09:00 

O-32 Amine-based CO2 capture and its impact on air quality 

Armin Wisthaler, Claus J. Nielsen, Alexander Håland, Baptiste Languille, Tomas 

Mikoviny, Wen Tan, Erika Zardin, Liang Zhu,  

Department of Chemistry, University of Oslo, P.O. Box 1033, N-0315 Oslo, Norway 

 
09:00-

09:20 

O-33 Amine emissions from agricultural and industrial sources 
1Alexander Håland, 1Tomas Mikoviny, 1Armin Wisthaler, 2Audun Drageset, 3Irma 

Caroline Oskam   
1Department of Chemistry, University of Oslo , 2Technology Centre Mongstad,  
3 Livestock Production Research Center, NMBU, Ås, Norway 
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09:20-

09:40 

O-34 Spatial distribution of dechlorane plus and analogs in European 

background air 
 Lovise P. Skogeng1,3, Claudia Möckel2, Helene L. Halvorsen2,4, Ingjerd S. 

Krogseth1, Sabine Eckhardt2, Knut Breivik2,4 

 1NILU – Norwegian Institute for Air Research, Tromsø, Norway, 2NILU – 

Norwegian Institute for Air Research, Kjeller, Norway, 3Arctic University of 

Norway, Tromsø, 4University of Oslo, Norway 

 

09:40-

10:00 

 

O-35 
 

Main sources controlling atmospheric burdens of persistant organic 

pollutants across Norway 
 Helene Lunder Halvorsen1, Pernilla Bohlin-Nizzetto1, Sabine Eckhardt1, Alexey 

Gusev2, Ingjerd Sunde Krogseth1, Claudia Moeckel1,3, Victor Shatalov2, Lovise 

Pedersen Skogeng1, Knut Breivik1,4  

 1Norwegian Institute of Air Research, Kjeller, Norway, 2Meteorological Synthesizing 

Centre-East, Moscow, Russian Federation, 3Stockholm University,  Sweden, 
4University of Oslo, Norway  

 

10:00- 

10:20 

 Coffee break 
 

 

Session VIII : Agriculture and Environment  
Chairman: Jan Mulder 

 
10:20- 

10:50 

O-36 Determining uptake of elements via isotope dilution of enriched stable 

isotopes and ICP-QQQ 

Karl Andreas Jensen, Norges miljø- og biovitenskapelige universitet, Fakultet for 

miljøvitenskap og naturforvaltning, Ås, Norway 

 
10:50-

11:10 

 

O-37 Organic environmental pollutants as quality indicators for circular 

bioeconomy and their impact on urban agricultural strategies 
Roland Kallenborn, Norwegian University of Life Sciences (NMBU), Faculty of 

Chemistry Biotechnology and Food Sciences (KBM), Ås, Norway 

 

11:10-

11:30 

O-38 Establishing maximum limits for hazardous organic contaminants in 

fertilisers and soil products in secondary raw materials used in fertilisers 

and soil products 
Trine Eggen1, Eldbjørg S. Heimstad2, Vladimir Nikiforov2, Christian Vogelsang3,  
1Norwegian Institute of Bioeconomy Research (NIBIO), Ås, Norway, 2Norwegian 

Institute for Air Research (NILU), Kjeller, Norway, 3Norwegian Institute for Water 

Research (NIVA), Oslo, Norway 

 

11:30-

11:50 

O-39 Organic pollutants as quality indicators in agricultural application of 

biogas digestates 
1I. Havranek, 1A.M. Ali, 2S. Eich-Greatorex , 2T. Aulstad-Sogn and 
1R. Kallenborn 

1Faculty of Chemistry, Biotechnology and Food Science (NMBU), 2Faculty of 

Environmental Sciences and Natural Resource Management (NMBU), Ås, Norway 
 

11:50-

12:00 

 Closing remarks and farewell 
 

 

12:00  Lunch 
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Poster Presentations 

Abstr.  
P-1 Vibrational Spectroscopies for Studies of Speciation in Solution ï Some 

Considerations on the Chloroplumbate(II) Case  
Niels Højmark Andersen  

Environmental Sciences, Department of Chemistry, University of Oslo, Norway 
 

P-2 Passive dosing for determining the toxicity of alkyl-phenanthrenes to early life 

stages of haddock 
Charlotte Langeland Nakken1, Carey Elisabeth Donald1, Elin Sørhus1, Prescilla Perrichon2, 

Kåre Bredeli Jørgensen3, Philipp Mayer4, John Incardona5, Sonnich Meier1 

 
1Institute of Marine Research, Bergen, Norway; 2Institute of Marine Research, Austevoll 

Research Station, Norway; 3Department of Mathematics and Natural Science, Faculty of 

Science and Technology, University of Stavanger, Norway; 4Department of Environmental 

Engineering, Technical University of Denmark, Lyngby, Denmark; 5Environmental and 

Fisheries Science Division, Northwest Fisheries Science Center, National Marine Fisheries 

Service, NOAA Fisheries, Seattle, WA, USA 

 

P-3 Biodegradability of DNOM: Characterization and governing factors 
Camille Crapart1,2, Eline Mosleth Færgestad1,2, Tom Andersen1,3, Cathrine Gundersen4, Rolf D. 

Vogt1,2  

1 Centre of Biogeochemistry in the Anthropocene, Faculty of Mathematics and Natural 

Sciences, University of Oslo, Norway  

2 Section of Environmental Chemistry, Department of Chemistry, University of Oslo  

3 Department of Biosciences, University of Oslo, Norway  

4 Norwegian Institute of Water Research, Oslo, Norway 

 

P-4 Determination of metal oxide nanoparticles in the marine environment 
André Coetzee Kjærvik*,†, André Marcel Bienfait†, Stig Valdersnes*,† 

* University of Bergen, Department of Chemistry, Bergen, Norway 
† Institute of Marine Research, Bergen, Norwa 

 

P-5 Method development for the screening and determination of silver nanoparticles 

in blue mussels by DLS, sp-ICP-MS and SEM 
Anders Grødem*,†, Stig Valdersnes*,†, Kristine Spildo* 

* University of Bergen, Department of Chemistry, Norway 
† Institute of Marine Research, Bergen, Norway 

 
P-6 Screening for nanoparticles in marine organisms 

Are Sæle Bruvold*,†, Katrin Loeschner‡, Janja Vidmar‡, André Marcel Bienfait †, Monica 

Sanden†, Stig Valdernes*,† 

* University of Bergen, Department of Chemistry, Norway 
† Institute of Marine Research, Bergen, Norway 
‡ National Food Institute, Technical University of Denmark, Lyngby, Denmark 
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Oral Abstracts 
(O-1) 

CLIMATE CHANGE AND THE OXIDATION CAPACITY OF THE ATMOSPHERE  

 

Terje Berntsen 

Department of Geosciences, University of Oslo, P.O. Box 1022, Blindern, 0316 Oslo, 

Norway. T.k.berntsen@geo.uio.no  

 

 

Oxidation of gases emitted from natural and anthropogenic sources are often the first step in 

the process of self-cleaning of the atmosphere. The hydroxyl radical (OH) being the main 

oxidizing agent reacts with important greenhouse gases like methane and HFCs and pollutants 

like SO2, CO, NOx and hydrocarbons. Changes in the physical climate (e.g. temperatures, 

humidity and cloud cover) influence the OH production, while changing in emissions, 

anthropogenic and natural (as part of climate feedbacks such as thawing permafrost) affects the 

loss of OH.  

In this presentation I will discuss the basic photochemistry of the troposphere, how the 

oxidation is represented in global climate models, what are the and how well we think we 

understand the trends (historically and into the future) of the oxidizing capacity. Two important 

examples are our understanding of the recent trend (since the 1980-ies) in methane (see figure 

below), and how changes in the oxidation have affected the formation of secondary aerosols 

(which cools the planet) since pre-industrial times. 
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(O-2) 

EMISSIONS OF NO AND N2O FROM N-SATURATED, SUBTROPICAL FOREST 

AND THE IR RESPONSE TO CLIMA TE-CHANGE INDUCED EFFEC TS ON C, N 

AND WATER CYCLES  

 
Jan Mulder 

Faculty of Environmental Sciences and Natural Resource Management, Norwegian University 

of Life Sciences, NO-1432 Aas, Norway 

jan.mulder@nmbu.no 

 

 

 

In the monsoonal subtropics of South China, elevated nitrogen (N) deposition, up to 60 kg ha-1 

yr-1, has led to extreme N saturation in a wide range of forests, with significant nitrate (NO3
-) 

leaching from the well-drained, acidic acrisols on hill slopes. Detailed mechanistic studies were 

conducted to increase our understanding of the underlying processes controlling catchment-

scale N turnover and the impact of changes in the climatic drivers, precipitation and 

temperature. To investigate N turnover, we studied natural abundance of 15N and 18O of NO3
- 

along the hydrological continuum from hill slope to groundwater discharge zone. In addition, 

we used 15N tracers (15NH4
+ and 15NO3

-) to track atmogenic N in the system. These studies were 

combined with estimates of NO3
- runoff and emissions of nitrous oxide (N2O, a potent 

greenhouse gas) and nitric oxide (NO, a precursor of acid rain). The data show that atmogenic 

ammonium (NH4
+), the dominant N form in deposition, is efficiently removed from the soil on 

the hill slope, while NO3
- as well as NO gas is produced. Depleted δ15N and δ18O signals of 

NO3
- on hill slopes suggest efficient nitrification despite the acidity of the soils. NO emissions 

are largest from soils on hill slopes, in particular where soil organic carbon pools are large and 

when soils are moist, but not wet. By contrast, emissions of N2O, a potent greenhouse gas, peak 

immediately following intensive rainfall episodes, due to denitrification, as access to oxygen is 

limited. N2O fluxes increase with increasing temperature and are small during winter when soil 

temperatures are below 15oC. Annual N2O emission fluxes up to 5 kg N ha-1 yr-1 occur in hill 

slope soils, which equal about 10% of the annual N deposition flux. Annual N2O fluxes increase 

with increasing number of intensive rain episodes. Since N uptake by the trees is limited, most 

of the input atmogenic N is leached as NO3
- from the hill slopes. In the groundwater discharge 

zone at the foot of the hill slopes, NO3
- concentrations decline rapidly, while δ15N and δ18O of 

NO3
- increase, indicating the importance of denitrification as the dominant N sink. 

Denitrification in the wet soils of this zone is fairly complete and results primarily in N2, 

whereas the emission of N2O is of less importance. Our study demonstrates the important NO 

and N2O source function of well-drained, N-saturated forest soils on hill slopes and the 

dependence of their flux values on carbon availability and climate. The groundwater discharge 

zone is an efficient sink of atmogenic N, due to denitrification, and although limited in size, it 

is important for the alleviation of regional N pollution of surface waters in sub-tropical China. 
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(O-3) 

HYDROGEN AS A ZERO CARBON ENERGY CARRIER  - THE ROLE OF 

HYDROGEN FOR DECARBONISING THE SOCIETY A ND THE POTENTIAL FOR  

VALUE CREATION IN NO RWAY  

 

Magnus Skinlo Thomassen 

Department of Sustainable Energy Technology, SINTEF, Oslo, Norway 

 

 

 

Hydrogen is enjoying a rapid attention around the world as it can be used as a zero emission, 

renewable energy carrier and industry feedstock. It thus offers a solution to decarbonise 

industrial and transportation sectors which is both urgent and hard to achieve.  

 

This presentation will give an overview of the role of hydrogen in a future zero emission 

society, the main production methods, areas of use and the drivers and barriers for its 

introduction. A summary of the possibility for Norwegian value creation will also be presented.  
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(O-4) 

PRESSURES GOVERNING DISSOLVED NATURAL ORGANIC MATTER  

 

Rolf David Vogt & Camille Marie Crapart 

Centre of Biogeochemistry in the Anthropocene, Faculty of Mathematics and Natural 

Sciences, University of Oslo, 0315 Oslo, Norway, and Section of Environmental Chemistry, 

Department of Chemistry, University of Oslo 

rolf.vogt@kjemi.uio.no, c.m.crapart@kjemi.uio.no 

 

 

 

Increasing concentrations of dissolved natural organic matter (DNOM) and its colour have been 

observed in boreal surface waters in over the last three decades. The increase in colour has 

usually been greater than DNOM, implying that not only the quantity but also the aromaticity 

of DNOM has increased.  

This has profound implications for aquatic ecosystems and waterworks. The large input of 

allochthenous organic matter causes increased heterotrophic respiration.  Increased colour 

reduces the depth of the photic zone and decreases thus photosynthesis. Increased absorption 

of radiation in the epilimnion increases the temperature gradient and postpones seasonal 

circulation. DNOM contains nutrients and pollutants. Increased input of DNOM thus leads to 

eutrophication and increased flux of heavy metals and POPs to our surface waters. Our 

waterworks, that mainly use surface water as their raw water source, need to increase their 

DNOM removal capacity. The increasing DNOM is therefore leading to shifts from autotropic 

to heterotrophic respiration, shifts in throphic levels, increased pollution loading and huge 

challenges for the waterworks.  

We therefore need to know if this increase will continue. In order to predict future trends in 

DNOM it is necessary to understand the causes for the observed changes in DNOM quantity 

and quality. Reduction in acid atmospheric deposition, climate change and land-use changes 

are all drivers that have influenced the production, solubility and transport of DNOM from the 

catchments. The reduction in acid deposition has likely been the main driver for the changes in 

DNOM in previously acidified areas by increasing the solubility of soil organic matter. Climatic 

drivers are likely to be of greater importance in future DNOM trends in Norwegian surface 

waters since the decrease in loading of acid rain has levelled off while the precipitation and 

temperature are projected to increase. In addition, increased plant biomass (greening) following 

land-use changes, and indirectly through climate change, may be an important concurrent 

contributor to the increase colour of our surface waters (browning). 
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Metal pollution data related to atmospheric deposition are available from direct measurements 

of aerosol samples on filters (air concentration) and analysis of precipitation samples (bulk 

deposition). In both cases data are limited to a small number of sampling sites. 

Detailed maps of atmospheric deposition on a national geographical scale requires data from a 

great number of sites sampled within a limited time. Air pollution data for Norway are available 

from collection of terrestrial moss samples, natural surface soils, and peat cores from 

ombrotrophic bogs at regular intervals since the first nationwide survey in 1977. 

 

Temporal and spatial trends of atmospheric deposition of metals derived mainly from air 

pollution show show a substantial and regular decrease during this period. This is particularly 

the case for elements such as Pb, Cd, As, and Sb, where the current deposition rates are only a 

few percent of the 1977 level as shown by the moss data. In areas exposed to high influence 

from air transport from highly populated and industrial regions in other parts of Europe, mainly 

in the southernmost parts of Norway, substantial loads of the above metals have been deposited 

over the last centuries and still reside in the natural surface soils. Since 1977 the atmospheric 

deposition of some metals from transboundary air transport has decreased to a few percent of 

their 1977 levels, but high levels of these metals still reside in natural surface soils in many 

areas.  
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The redefinition of the Système international d'unités (SI) in 2019 marked a fundamental shift 

in measurement, as the SI base units (s, kg, mol, cd, K, A and m) – and thus all measurement – 

ceased to be defined in terms of physical artefacts, and are defined in terms of fundamental 

constants (ȹɜCs, h, NA, Kcd, kB, e and c). At a working level, no change is seen, but it does mean 

that measurement of radioactivity is ultimately rooted in ΔνCs, h, e and c, via the volt, ampere, 

kilogram and second. 

 

The link between measured values for radioactivity and radioactivity concentrations (ὧ) in the 

environment and laboratory measurements with radioactivity detectors in the laboratory may 

be linked with a generic model equation: 
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Where ὶ is a measured count rate, ‐ is the probability of detection,  is chemical recovery, ὖ 

is the probability of particle or photon emission, Ὀ is the decay of the nuclide being measured 

and ά  is the sample mass (or volume). 

 

This talk will describe how the activities of metrology laboratories (PTB, NIST, NPL &c) 

interfaces with measurements of environmental radioactivity in delivering a national and 

international framework in support of measurement traceability and ongoing quality assurance 

for such measurements by discussing these key areas: 

 

¶ Provision and availability of standards of radioactivity 

¶ Recommended and evaluated nuclear decay data 

¶ Availability of isotope dilution tracers (including both decay counting and atom 

counting)  

¶ Participation in proficiency test exercises 

¶ Provision and availability of certified reference materials 

¶ Routes by which the user community can influence the foregoing points 

 

As a conclusion some thoughts on future actions in some of these areas will be put forward.  
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In 1906 the building of the first hydroelectric power station in Tyssedal, Hardanger, Norway 

started with the opening of the first calcium carbide factory two years later. During the 

following century, an industrial revolution and evolution took place in Odda and Tyssedal, 

which served as a foundation for economic prosperity in the region.  The sites are, however, 

placed at the end of the second longest of the Norwegian fjord systems, with the obvious 

pollution management challenges and ecological impact this can lead to. 

Already in the early 1970-ties, Skei et al. (1972) reported high concentrations of heavy metals 

in sediments in Sørfjorden and subsequently high concentrations of mercury, lead and cadmium 

have been detected in a wide range of biota species as well. Metal pollution  has mainly been 

suggested to be coupled to Norway’s only zinc smelter, started in Odda in 1929, but also other 

industrial  sources has been suggested. 

 

In the late ‘80s and ‘90s, several technical measures were taken to reduce the flow of heavy 

metals to the fjord system from the ongoing industries, and this gave good results for some 

pollutants. These included such remediation approaches as capping of polluted seabed with 

clean masses, and distributing new effluents in mountain tunnels with metal removing systems.  

However, despite the remediation efforts, when it comes to mercury in deep water fish such as 

tusk (Brosme brosme), the situation still has to improve. To prevent recreational fishers from 

unacceptable exposure the Norwegian Food Safety Authority has issued consumer advices, 

which have been expanded in the fjord area along with new data. This has come as a surprise 

in light of the measures taken to reduce effluents.  

 

Nowadays, a larger area than ever has consumer advice with regards to deep-water fish species 

and the need to understand causes is greater than ever.  

Furthermore, new data from Sognefjorden, the largest of the Norwegian fjord systems showed 

also there high levels of mercury in tusk.  Since there is no obvious point source there, questions 

also  arose about local sources versus long range transport, or other mechanisms including deep 

water Hg methylation and demethylation dynamics. 

This paper presents some historic data together with new data on both contaminant 

concentration, geographical variation and further speciation and tracing experiments performed 

in cooperation with two European labs aiming at obtaining a better understanding of the sources 

and development the heavy metal pollution affecting Norwegian fjord areas.    
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The Circular Economy envision of always keeping products, components, and materials at their 

highest utility and value, has gained wide attention among decision-makers and the public over 

the past few years. Its implementation intends to contribute to reducing negative environmental 

impacts and, at the same time, generate more value, both through cost savings and through 

creating or expanding markets and business opportunities. 

Introducing Circular Economy concepts to process industry requires rethinking of supply chains 

by enabling new and sustainable market- and business opportunities from identifying, 

evaluating and implementing innovative opportunities for value-creation. The industries 

comprising this project have a total turnover of 6.3 billion NOK, employing nearly 2000 

persons. They have productions sites all over Norway. PRICE will contribute importantly to 

maintain these important incomes and permanent jobs. The value of metals in bi-products and 

residuals from these same industries is estimated to a total of more than 300 million NOK 

annually. Today these values are lost as part of effluents, inefficient recovery rates or ending 

up in landfills. The companies’ handling costs for these waste streams are of similar magnitude.  

In Norway we can e.g. divide the process industry utilizing aqueous solutions into five areas: 

 

a. Processing minerals, e.g. Yara International, Norsk Hydro and Kronos Titan 

b. Processing concentrates and making pure metals, e.g. REC Group (Elkem Solar), 

Glencore Nikkelverk and Boliden Odda 

c. Recycling of metals, e.g. K.A. Rasmussen and Glencore Nikkelverk 

d. Treatment of waste streams, e.g. NOAH, Borregaard, Solberg Industri, Glencore 

Nikkelverk and Titania 

e. Handling of wastes, e.g. NOAH, but also common to most of the companies 

mentioned. 

For the process industry there is always a question of economy in any activity to be 

implemented. Potential and barriers (and how to overcome these) to value creation and to 

collaboration between the firms are important to identify. The challenges facing metal 

recycling are several: 

            The elements of interest are always mixed with other unwanted elements 

¶ Existing Methods for separating the elements are often complex and of multi-step 

nature 

¶ Existing Methods of separation/refining are often sensitive for variations in the 

composition and conditions 

¶ The level of dilution has come too far, the cost of recycling is larger than the value of 

recycled materials with current technologies 

¶ Unwanted elements from one industry might be an interesting raw material for another 

¶ The volumes at one site may be too small for economical treatment, but economy of 

scale at one central site may improve the situation 

¶ Coordination and interchange of residual elements are lacking 

In this research program, we aim to locate the bottlenecks and problem areas for each individual 

industry, to develop new knowledge and coordinate scientific results found making tailor-made 

solutions for each industry as well as trying to solve the coordination problem. The research 

program will evaluate the different existing methods as well as exploring the effect recent 

advances within chemistry/metallurgy can have in combination with each other, and in 

combination with other disciplines (pyrometallurgy, material science). 
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Chromium and its compounds are used in a wide range of applications in industry, which result 

in chromium emissions to the environment. There are two environmentally relevant chromium 

species; Cr(III) and Cr(VI) which have contrasting impact on the environment and health. 

Trivalent chromium occurs naturally in the environment and has an essential role in biological 

processes, whereas hexavalent chromium is much more toxic and is generally produced by 

industrial processes. The allowed concentration in ground water is 0.05 mg/L (WHO). 

Therefore, chemical speciation is important to identify the chromium species and to find the 

most efficient method for separation. Chromium speciation in industrial solutions is a 

challenging task. Cr (VI) can be transformed to Cr (III) and vice versa depending on pH, the 

presence of oxidizing and reducing agents, redox potential, the kinetics of the redox reactions, 

and the total chromium concentration in the system. In this study, the chemical behavior of 

Cr(VI) and Cr(III) in high acidic and high saline solutions at different chromium concentrations 

(3000ppm-30ppm) is being studied. One goal is to investigate the Cr(VI) reduction process and 

to determine the reaction products by using RAMAN spectroscopy. 
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About 350 000 tons hazardous municipal solid waste incineration fly ash was treated and 

landfilled at Langøya every year during the 2010s decade. Increasing amounts of waste 

incinerated every year and the resulting generation of fly ash give rise to environmental 

concerns. Great attention has therefore been given to fly ash waste valorisation and fly ash 

waste detoxification processes. Metallic zinc recovery has already been implemented at one 

plant in Switzerland and research show promising results for salt and copper recovery. The 

large variation in elemental concentration of fly ashes makes process development challenging. 

A large dataset of fly ash elemental analysis shows that elemental concentration varies between 

country boarders, plants, incineration and flue gas cleaning technology and with time. The 

change in incinerated waste composition the last decade can clearly be seen in fly ash elemental 

composition which can be linked to political regulations. The dataset and evaluation of it will 

be presented at the seminar. 
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Industrial processes involving U-bearing minerals such as alum shale, produce large quantities 

of waste that may contain a variety of contaminants such as Naturally Occurring Radioactive 

Material (NORM) and metals. Nationally and internationally, impact assessment of multiple 

stressors has been highlighted as one of the major challenges (Salbu et al. 2005). Impact 

assessment of multiple stressors has been highlighted as one of the major challenges by national 

and international research and regulatory communities.  The work presented here, have been 

focusing on alum shale leaching from the road- and tunnel construction site in the Gran 

municipality on Highway Rv4 in Norway where the bedrock is rich in U-bearing minerals, 

giving a high potential for environmental contamination of U and daughter products alongside 

other metals. To assess the effects, consequences and risks to the environment associated with 

the intervention in alum shale and evaluate relevant measures for the protection of environment, 

it is important to include both radionuclides and metals in the survey program and researching 

the effects and assess pollutants overall. Runoff of uranium and other metals are observed, even 

at high pH. Alum also contains a number of toxic metals, primarily cadmium, copper, nickel 

and zinc. Radionuclides and metals in such concentrations are potentially harmful to aquatic 

and soil organisms.  

Several fieldworks have been performed in the area together with a variety of exposure – effect 

laboratory experiments with both brown trout (Salma trutta) and crustaceans (Daphnia magna). 

Concentrations of U and other metals are varying but higher than the reference sites, and in 

certain cases above the threshold of regulatory concern (WHO’s drinking water guideline and 

Environmental Quality Standards). Fractionation of the waters showed that uranium and several 

elements such as As, Cu, Mo, Zn, is present in the waters as low molecular forms, making these 

metals both mobile and bioavailable. Leaching experiments and corresponding uptake studies 

showed that S. trutta and D. magna exposed to alum shale leachate water and a synthetic mixture 

of the leachate was both taken up by and caused biological effects in the two experimental 

models. A cumulative risk assessment (CRA) using combined toxicity principles such as 

concentration addition, revealed that certain leachates should be expected to cause adverse 

effects in aquatic organisms in the receiving waters.  

Acknowledgements: funding from Norwegian Public Roads Administration (NPRA) through 

the Nordic Road Water (NORWAT) project and support by the Research Council of Norway 

through its Centres of Excellence funding scheme, project number 223268/F50. Colleagues at 

CERAD/NMBU, NPRA and NIVA are acknowledged for their contribution to the project. 
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Fast-economic growth in some emerging economies brings forth potential environmental 

challenges due to increased population, industrialization and urbanization. A lack of regulatory 

framework and enforcement of these in these emerging economies, may therefore lead to an 

increase in the pollution of heavy metals and persistent organic pollutants (POPs). The majority 

of these nations are located in tropical regions where there is a lack of synoptic studies assessing 

the biogeochemical processes governing the spatial distribution of heavy metals and their main 

explanatory parameters, like physicochemical properties of the soil such as pH, organic matter 

(OM), cation exchange capacity and clay content. A key goal was to gain knowledge about the 

role of drivers and pressures governing the spatial trends of heavy metals.   

 

A key pathway for which heavy metals and POPs may enter the terrestrial environment is via 

atmospheric deposition, both due to the volatile nature of some POPs and Hg, as well as the 

increased potential through transport of eolian dust in air in these tropical environments. The 

physicochemical properties of soil in this region is dissimilar compared to those in temperate 

regions which will affect the ability of the soil to hold the heavy metals. 

 

Surface soil samples were therefore collected in a transect from the 40km upwind southeast of 

Dar es Salaam, Tanzania, through the city and up to 60km downwind north west of the city. 

This transect followed the general wind direction. Additional samples were collected from a 

transect that incorporated the major city waste dumpsite and an e-waste recycler plant to assess 

pollution from these sources, and the potential for elevated emission of heavy metals from these 

sites.  

 

Cd, Se, Co, Cr, Hg and Ni were found in background levels in all soil samples. Pb, Cu, Zn and 

As were found in higher concentrations than acceptable local limits at one or more locations.  

 

Multivariate analysis indicated that the distance from the city is the main governing factor of 

contamination of Cd, Cu, Pb and Zn in the rural-urban-rural transect, while physicochemical 

properties govern the spatial trends of Co, Cr and Hg in both the small transect and the large 

transect. 

 

Including POPs data in the multivariate analysis allowed for the discrimination of E-waste 

pollution and general waste pollution, indicating that heavy metals alone are not sufficient to 

differentiate between these two types of wastes. High levels of Cu and Dechlorane Plus were 

observed near the E-waste site, while the sample near the waste dump was characterized by 

high levels of Pb and chlorinated paraffins. The heavy metals at these hotspot locations did not 

show any signs of being transported to nearby locations.  
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Environmental monitoring programmes have been established for most Arctic countries in order to 

describe trends and to assess effects of chemicals transported to the Arctic from lower latitudes. The 

AMAP Core Programme of Denmark and Greenland also includes retrospective time trends and 

screening analyses of chemicals of emerging Arctic concern, based on a biannual collection of biota 

samples (e.g. seals, seabirds, fish) for analysis and specimen banking. In the last 15 years, the following 

chemicals have been addressed: Novel brominated flame retardants (BFR), including dechlorane plus, 

organophosphorous flame retardants (OPFR), short-, medium- and long-chain chlorinated paraffins 

(SCCP, MCCP, LCCP), octachlorostyrene, hexachlorobutadiene (HCBD), pentachlorophenol/ 

pentachloroanisol and per-/polyfluorinated alkylated substances (PFAS). Data on current-use chemicals 

in the Arctic are of interest to regulators and can be included in assessments of persistence, 

bioaccumulation and, if this information is available, toxicity (PBT). 

Besides highly specialized targeted analyses, recent developments in high-resolution mass spectrometry 

(HRMS) and data mining have led to new non-target screening and suspect screening approaches to the 

identification of contaminants. Using HRMS Orbitrap technology, hyphened with gas chromatography 

(GC) and high performance liquid chromatography (HPLC), respectively, samples from Greenland and 

the Faroe Islands are currently being analysed in a suspect screening project, including air, biota (seal, 

whale), human serum and water samples collected with passive samplers. The variability and complexity 

of the samples pose challenges to the sample pre-treatment, balancing the non-selectivity of the sample 

preparation with the necessity to remove strongly interfering compounds from the analysis, e.g. lipids 

from blubber samples. 

 

n silico screening approaches are complementary techniques for a theoretical determination of potential 

Arctic pollutants or the generation of chemical lists for empirical confirmation by suspect screening or 

targeted analyses. Quantitative Structure Property Relationships (QSPR) or Quantitative Structure 

Activity Relationships (QSAR) have been applied to chemical inventories in Europe and North America 

to predict which compounds could be persistent, bioaccumulative, toxic and/or transported over long 

distances, identifying about 2000 substances as potential Arctic pollutants (Muir et al., 2019). 

Chemicals of emerging Arctic concern were recently addressed in an assessment of the Arctic 

Monitoring and Assessment Programme (AMAP, 2017). The AMAP expert group for persistent organic 

pollutants (POPs) is currently assessing the effects of climate change on the fate of contaminants in the 

Arctic. Reviewing the literature available in this field, the assessment addresses how contaminant levels 

and trends may be affected by changes in the physical environment, e.g. melting of glaciers and thawing 

of permafrost, as well as changes in ecosystems and food chains. Furthermore, the question is raised to 

what extent climate change influences the long-term temporal trends of POPs in Arctic biota. Regarding 

chemicals of emerging Arctic concern, increases in human activity, for example caused by better 

accessibility of Arctic regions and opportunities of economic developments, may lead to local emissions 

of current-use chemicals, in addition to the well-established long-range transport to the Arctic.  

 

References: 

AMAP (2017). AMAP Assessment 2016: Contaminants of Emerging Arctic Concern. Arctic 

Monitoring and Assessment Programme (AMAP), Oslo, Norway. xvi+353pp  

Muir, D.; Zhang, X.; de Wit, C.A.; Vorkamp, K.; Wilson, S. (2019). Identifying further chemicals of 

emerging arctic concern based on “in silico” screening of chemical inventories. Emerging Contaminants 

5, 201-210. 
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There is concern over possible effects on Arctic ecosystems from exposure to persistent organic 

pollutants (POPs) and contaminants with similar properties. Field-based research on exposure 

and effects of POPs in the Arctic environment and wildlife has been carried out for years. 

However, to enable scientifically sound response strategies, a mechanistic understanding of the 

complete link between chemical emissions on a global scale and resultant concentrations in 

Arctic ecosystems is fundamental. For this purpose, mechanistic models of contaminant fate 

and behaviour have proven invaluable, particularly in combination with empirical data.  

There is a wide range of mechanistic fate and bioaccumulation models available for organic 

contaminants. Examples of models and their applications for Arctic environments will be 

provided to illustrate the strengths and benefits of the models in combination with empirical 

data. Many contaminant models have been developed for more temperate areas and need further 

development and/or parameterization to be applicable to Arctic environmental and ecological 

conditions. Moreover, most models only simulate parts of the link between global emissions 

and Arctic exposure, and not the full picture.  

 

A new Nested Exposure Model (NEM), currently under development by NILU and 

collaborators, will be presented. The NEM model consists of (i) a global spatially and 

temporally resolved module for contaminant fate in the physical environment and (ii) a 

bioaccumulation module particularly adapted for Norwegian Arctic ecosystems. The main 

objective with the NEM model is to enable simulation of the whole link from global emissions 

of contaminants to Arctic ecosystem exposure – including variability in time and space. Initial 

evaluation of the model for selected polychlorinated biphenyls (PCBs) suggests that predicted 

concentrations agree well with measured concentrations. In the future, we hope that NEM and 

other mechanistic contaminant models will be useful tools for both scientific and regulatory 

communities interested in understanding and protecting Arctic ecosystem and human health 

from legacy and emerging organic contaminants. 
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The Arctic Monitoring and Assessment Programme (AMAP) was established in 1991 under the 

Arctic Environmental Protection Strategy (AEPS), «to monitor the levels of, and assess the 

effects if anthropogenic pollutants in all components of the Arctic Environment». The mandate 

was in the Alta Declaration in 1996 expanded to involve çéhuman health and multiple 

stressors». AMAP has since then undertaken several assessments on trends, levels and 

pathways of pollution and chemical contaminants in the Arctic, which also have served as 

underlying scientific knowledge for international regulation measures like the Minamata and 

Stockholm convention.   

 

While AMAPs assessments for the last Arctic Council chairmanship periods have included 

assessments on Chemicals of Emerging Arctic Concern (2016) and Biological effects of 

contaminants on wildlife and fish (2018), AMAP will for the current chairmanship period 

(2019-2021) deliver assessments on Climate change and contaminants, Short lived climate 

pollutants (SLCP), mercury, marine litter and microplastics as well as on human health.  

 

Following the recently launched AMAP Strategic Framework 2019+, contaminants and their 

impacts on Arctic ecosystems and human health of Arctic inhabitants will remain a core focal 

area for AMAP also in the longer time span. This will also include cross-cutting assessments 

with other focal areas like climate and ecosystem change and multiple stressor effects, will 

include indigenous, traditional and local knowledge and be in coordination with relevant 

international bodies.  
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Polycyclic aromatic hydrocarbons (PAHs) are of great public concern due to their toxicity and 

potential carcinogenicity. PAHs are listed as chemicals of emerging concern in the Arctic 

(AMAP, 2016). The coal power plant in Longyearbyen (78°13′N 15°38′E), Svalbard was 

hypothesized to be a major local source of PAHs. Gaseous and particulate phase air samples 

were collected in the power plant stack and at 1 km and 6 km transect distance downwind the 

plant. The sampling campaign was performed in summer when long-range atmospheric 

transport input is low and thus the coal burning emissions are easier to quantify. The samples 

were analysed for 16 parent PAHs and 22 nitro- and 8 oxy-PAHs by GC-EI-MS/MS and GC-

ECNI-MS.  

 

An emission factor of 2.3 µg/kg coal was estimated for the Σ47 PAHs. The relative distribution 

of the contaminants was as follows: 66% PAHs, 21% oxy-PAHs, and 13% nitro-PAHs. 

Approximately 90% of the compounds were found in the gaseous phase, confirming high 

efficiency of exhaust particles removal by an electrostatic precipitator in the power plant.  

The PAH levels observed in ambient air of Longyearbyen (Σ15 PAHs ~556 pg/m3) were 

significantly lower (up to 2 orders of magnitude) compared to rural sites in Europe and China 

but were about an order of magnitude higher compared to the Canadian Arctic (Alert station) 

concentrations. Nitro- and oxy-PAH concentrations (Σ22 nitro-PAHs ~32 pg/m3 and Σ7 oxy-

PAHs ~352 pg/m3) were found at the same order of magnitude as detected at other background 

Scandinavian (Råö and Pallas) and central European (Košetice) monitoring stations.  

 

A multivariate statistical analysis confirmed local coal burning as the source of PAHs, as well 

as vehicle and marine traffic. Oxy-PAHs and nitro-PAHs also result from reactions of primary 

PAHs with atmospheric oxidants. Such secondary formation was concluded as an additional 

source of several nitro-PAHs. However, a preliminary study on the annual distribution of PAHs 

in Longyearbyen air revealed 2 orders of magnitude higher PAH levels in spring. Maximum 

concentrations were detected during Easter holiday and different profile of nitro-PAHs 

(markers of vehicle emissions) during that period was determined. This suggests that petrol 

driven snowmobiles are the main candidate source for PAH vehicle emissions in spring, 

although long-range transport may be of influence too. Temperature inversions are frequent in 

Arctic regions, and limited vertical air movement can trap and accumulate contaminants near 

the ground with potential consequences for public health and the environment.  

 

 

 

https://geohack.toolforge.org/geohack.php?pagename=Longyearbyen&params=78_13_N_15_38_E_type:city(2368)_region:NO-21
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Ambient air pollution is among the leading environmental health risk factors, estimated to cause 

approximately four million premature deaths globally, and 1500 premature deaths in Norway 

annually. To estimate the burden of disease, both exposure of the population, a concentration-

response function and register data with death and diseases in the population have to be 

included. Exposure to particulate matter (PM) with an aerodynamic diameter less than 2.5 µm 

(PM2.5) contributes mostly to premature deaths of air pollution. Some of the strongest causal 

associations have been reported between PM2.5 and vascular effects, leading to ischemia, stroke, 

myocardial infarction, and development or exacerbation of adverse respiratory outcomes 

including asthma, chronic obstructive pulmonary disease (COPD), respiratory infections and 

lung cancer. In addition, PM2.5 has been linked to other health outcomes such as type-2 diabetes, 

disturbed neurodevelopment, neurodegenerative diseases and birth outcomes. 

 

The mass of PM size fractions is used in regulatory policy against air pollution and is normally 

linked to health effects. The PM2.5 and PM10 (aerodynamic diameter less than 10 µm) are the 

size fractions regulated in EU. However, in addition to size, also shape, structure, surface 

reactivity and adhered lipophilic and hydrophilic chemicals have all been found to be important 

for biological reactivity and health outcomes. PM are produced in various processes and 

represent variable entities with highly source-dependent properties, such as PM from exhaust 

and wear of road pavement, tires and brakes. Combustion PM from exhaust and wood burning 

typically consists of a carbon core in the ultrafine size range (< 100 nm in aerodynamic 

diameter), in addition to a mixture of organic chemicals adhered to the particle surface. 

Polycyclic aromatic hydrocarbons (PAH) is an important class of organic chemicals, formed 

during incomplete combustion, and are associated with adverse health outcomes. Furthermore, 

various metals bound to combustion particles may contribute the observed health effects of PM. 

The primary ultrafine combustion PM will form aggregates and constitute the PM2.5 and PM10 

fractions. Abrasion/wear particles can also occur in all size fractions from coarse to ultrafine 

with a core of minerals, metals or rubber. The oxidative capacity and metals on the PM surface, 

in addition to attached components such as endotoxin from the bacterial walls, may contribute 

to adverse health effects of these types of PM.  

 

PM from various sources might induce different types of health effects. However, using 

epidemiological studies it is difficult to attribute the observed health effects of PM to specific 

PM sources and components. Therefore, an improved mechanistic understanding of processes 

leading to diseases by different PM components is important to establish causal relationships 

and identify the most potent components.  
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Exposure to airborne particulate matter (PM) is a major risk factor for development of 

respiratory and cardiovascular diseases. Epidemiological and experimental evidence have 

shown that particle size and physical and chemical properties of the PM are of importance, with 

possible increased toxicity of the smallest particles. Many industrial workers are exposed to PM 

consisting of agglomerates/aggregates composed of primary nanoparticles (10-50 nm). These 

primary particles are unintentionally formed, e.g. in thermal processes used in production of 

metals/alloys, by welding and in new technologies such as additive manufacturing and laser 

cutting.  

 

In a heterogeneous aerosol with a wide range of particles sizes, the larger particles will be the 

major contributor to the total mass, but these are heavily outnumbered by ultrafine particles. 

Both mass and particle number concentrations are commonly used to measure PM levels. Still, 

the health related aerosol fractions are based on mass concentration. In addition, knowledge on 

the physical and chemical characteristics of particles are of significant importance when 

evaluating potential health effects after inhalation.    

 

Detailed microscopic investigations using scanning and transmission electron microscopy are 

applied to study the particle size distribution, particle morphology, agglomeration/aggregation 

state as well as chemical and phase composition. This presentation will focus on the 

characteristics of ultrafine particles collected in workroom air during industrial processes. 
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A number of epidemiological studies have put focus on the smaller size fractions of particulate 

matter (PM), including the ultrafine particles (UP). UP are either measured on a mass basis (e.g. 

PM 0.1 in mg/m3) or on a number basis (particle number/cm3). Due to the very small mass of 

ultrafine particles their weight contribute only with a small fraction of the PM2.5, PM4 or PM10 

measurements which are the most relevant lung health related aerosol fractions. Thus, UP are 

not well reflected in PM mass measurements and they are not routinely monitored in ambient 

air. 

 

In contrast to ambient environments, production, formation and exposure to UP occur 

frequently in the occupational environments where they are e.g. emitted from thermal processes 

as welding, metal spraying, metal production and modern processes like laser cutting and 

additive production. Emission products from some of these processes are nowadays also 

collected for recovering of valuable constituents. 

 

In this presentation the differences between engineered and unintentionally formed UP will be 

discusses and illustrated with exposure measurements in occupational environments. 
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Inhalation exposure to manganese (Mn) occurs in many occupational settings. In high enough 

doses, bioavailable Mn can lead to adverse health effects like manganism – a Parkinson like 

decease. The bioavailability of Mn depends on different factors like particle penetration and 

deposition in the lung (determined by the particulate size and shape), as well as the solubility 

in the lung fluids. In this study, bioaccessibility of Mn in particulate matter collected in two 

smelters of silicomanganese (SiMn) and/or ferromanganese (FeMn) was investigated with 

respect to the particle size, Mn total dose (µg/m3) and the solubility [%] of Mn in Gamble’s 

solution. The particulate matter were collected using personal (5-stage Sioutas) and stationary 

(14-stage nanoMOUDI) size fractionating cascade impactors, as well as respirable cyclones (JS 

Holdings). Additionally, particulates were collected in close vicinity to the source with a 

particle collector (ESPnano) for analysis by scanning electron microscopy with energy 

dispersive X-ray spectroscopy/electron backscatter diffraction and transmission electron 

microscopy with energy dispersive X-ray spectroscopy /selected area electron diffraction. The 

collected particulate matter were leached in 10 mL of Gamble’s solution (pH 7.4) for 24 hours 

at 37 °C. The remaining unsolvable material was acid digested in a microwave. The solubility 

of Mn in particulate matter collected in the workroom air of tappers and crane operators were 

calculated from the concentration of Mn in the Gamble’s soluble fraction and the total Mn 

fraction determined by inductively coupled plasma mass spectrometry.  

 

The results showed that there was a higher solubility of Mn in particulates collected by the 

workers close to the SiMn (16-27 %) furnace compared to the FeMn (3-17 %) furnace. This 

difference was significant for particulates between 0.25-1.0 µm (Wilcoxon rank sum test p-

values: 0.25-0.5 µm = 0.023 and 0.5-1.0 µm = 0.003), and is presumably a result of the diverse 

particle types of the thermally generated particles at the two different furnaces. Electron 

microscopic analyses showed that condensation particles, produced at the FeMn furnace, were 

coated by an amorphous SiO2 layer which binds the primary individual manganese oxide 

particles into aggregates. This coating layer was not observed on the particles collected close 

to the SiMn furnace. These particulates were dominated by spherical condensation particles 

rich in Si, Mn and O without coating as well as angular manganese oxide particles enclosed in 

an amorphous SiO2 matrix. Both of which appear to be more agglomerated than aggregated. 

In this study, a significant difference between the Mn solubility [%] in the workroom air close 

to the SiMn furnace and FeMn furnace was found for particulates between 0.25-1.0 µm. Still, 

the total dose of Gamle’s soluble Mn was not significantly different as the total exposure dose 

of Mn was approximately twice as high in samples collected by the FeMn furnace compared to 

the SiMn furnace. 
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Corrugated asbestos cement sheets were extensively used as roof panels in domestic houses and 

many types of other buildings from the 1930s up to the mid- 1980s in Norway. These roof 

sheets contain about 10-15 % asbestos fibers with chrysotile as the main asbestos component. 

Excellent heat resistance, weatherproof and durable are some valued characteristics of asbestos 

construction materials. Exposure through inhalation of asbestos fibers has been linked to 

adverse health effects like asbestosis, mesothelioma and lung cancer. For this reason, the use 

of asbestos containing construction materials were banned in Norway more than 30 years ago. 

Even so, such materials are frequently found in older buildings all around the country.  
 

A study of the mobilization of asbestos fibers was performed under controlled conditions from 

a corrugated asbestos cement roof in southern Norway. In this part of the country, plant growth, 

seawater spray, as well as wet and windy conditions contribute to weathering of the buildings. 

The material samples included pieces of the roof itself, rainfall simulated run off-water and 

moss growing on the roof surface. A soil sample from the gutter was investigated for asbestos 

fibers originating from the roof, and air samples were collected for asbestos concentrations in 

ambient air under calm conditions. All samples were studied with the use of scanning electron 

microscopy under vacuum except the material moss sample where variable pressure was 

applied to minimize charging effects. The results show that the almost 60 years of weathering 

exposed a layer of asbestos fibers on roof surface due to deterioration of the cement matrix. 

When simulating light rainfall, a high number of fibers were found in the run off-water. Under 

calm conditions, no asbestos fibers were observed in the air sample. Still, chrysotile, amosite 

and crocidolite were identified in the soil sample - which illustrates that exposed asbestos fibers 

on the roof are prone to mobilization. Furthermore, chemical composition of the asbestos fibers 

from moss, roof - underside and surface were investigated with energy dispersive X-ray 

spectroscopy to find out if the fibers were chemically altered due to weathering-induced 

magnesium depletion. These results showed that fibers from the three different sites had 

comparable MgO weight % to reference material, which indicates that the asbestos fibers had 

not changed. Since the chemistry was unaltered, we assume that the toxic properties of the 

fibers remain the same. Our findings demonstrate that care must be taken when working on old 

corrugated asbestos cement roof as relatively loosely bound asbestos fibers might be released. 

In order to prevent exposure to mobile fibers, moss covering asbestos cement roof should not 

be removed.   
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Environmental pollution is an urgent threat to children's brain development globally. Small 

amounts of chemicals and pollution that could be tolerated by an adult can be toxic to the 

developing brain during “windows of vulnerability” in pregnancy and the early years. Child-

specific behaviors and unique periods of physiological development make children particularly 

sensitive to environmental exposures, which can negatively impact their long-term health. 

Intellectual deficits (such as lower IQ), mental health problems (including aggressive behavior, 

autism, ADHD, and depression), congenital malformations, and death have been linked to air 

pollution, toxic metals, highly hazardous pesticides, and other toxicants.  

 

Although often subtle at the individual level, these neurotoxic effects at the population level 

have a major impact on our societies. Pollution hits poor, minority, and marginalized 

populations in the developing world the hardest and widens inequalities in health.  

 

This presentation will provide examples of toxic chemical exposures in low- and middle-

income regions and how they interact with other risk factors to threaten children's healthy brain 

development. Suggested actions for policy and research will also be presented.  
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The aim of the EU-funded Human Early Life Exposome project (HELIX) is to describe 

environmental exposure in the first years of life (early-life exposome) and study the associations 

between different exposure biomarkers and adverse health effects. This is the first study to 

investigate the levels of a wide range of environmental contaminants in mothers and their 

children by comparing results from harmonized sample collection in six European countries. 

The blood and urine samples from mothers were donated during pregnancy, while child samples 

were collected between 6 and 12 years later. The Norwegian participants in the study are 

participants in the Norwegian Mother, Father and Child Cohort Study (MoBa). 

 

The levels of 45 environmental contaminants were measured in samples from 1 300 mother-

child pairs in Greece, Spain, France, Lithuania, UK and Norway and showed that children 

across Europe are exposed to a wide range of contaminants in foetal life and childhood. The 

study considered many families of chemicals, including some where health effects are 

suspected or plausible. These were metals (including lead and mercury), phenols (including 

bisphenols A, triclosan, parabens), phthalates (such as DEHP), persistent organic pollutants 

(such as PCBs and DDT), organophosphate pesticides (for example chlorpyrifos), 

perfluoroalkyl substances (including PFOS and PFOA) and flame retardants (PBDEs). Most of 

the contaminants were found in almost all the participants, but less than one per cent of the 

samples had levels that exceeded current thresholds for increased risk of adverse health effects. 

However, for mercury and two perfluoroalkyl substances (PFOS and PFOA), many of the 

participants had concentrations that exceeded the threshold for which a reduction in exposure 

is recommended. Concentrations in samples from mothers were usually higher than in samples 

from children, except for one relative new phthalate and bisphenol A. The levels varied a lot 

between the six countries, which shows that country of residence is a strong determinant of 

your personal exposure. Differences between countries can be explained by differences in diet 

and food contamination, use of consumer products and toiletries, indoor contamination as well 

as duration of breastfeeding.  

 

The main child health outcomes studied in Helix are related to obesity, neurodevelopment and 

asthma, an overview of associations between exposure and health will be given.  

 

 

LS Haug, AK Sakhi, E Cequier, M Casas,é, C Thomsen. ñIn-utero and childhood chemical 

exposome in six European mother-child cohortsò. Environment International 121 (2018) 751ï

763. 
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One of the duties of the Norwegian Institute of Public Health (NIPH) is to have an overview of 

the health status of the Norwegian population and factors influencing public health. This 

includes surveillance of the intake of environmental contaminants and their possible effects on 

health.  

 

A Human Environmental Biomonitoring program that use the Norwegian Mother, Father and 

Child Cohort Study (MoBa) as a basis for recruitment, has been established. Part I of our 

biomonitoring program includes analyses of 11 elements (including heavy metals) in 3,000 

stored blood samples collected from women during mid-pregnancy. In addition, iodine, sodium 

and potassium are determined in urine and several nutrients and hormones in plasma.  

 

In Part II  of the program, new biological samples (blood and urine) from both children and their 

parents from Part 1 of the study were collected in 2016/17. This collection is referred to as the 

Norwegian Environmental Biobank (NEB). In 2016, the HBM4EU project 

(https://www.hbm4eu.eu/) was launched with the aim to coordinate and advance human 

biomonitoring in Europe. Norway participates in the project with NIPH as a national 

coordinator, and NEB has been selected as one of the aligned human biomonitoring studies. 

The Norwegian Environmental Biobank is also integrated in several ongoing research projects, 

such as NON-PROTECTED and CATCH-UP funded by The Research Council of Norway. 

 

A wide range of contaminants including phthalate metabolites, phenolic compounds, flame 

retardants, pesticides, polychlorinated biphenyls (PCBs) and poly- and perfluoroalkyl 

substances (PFASs) have been measured in samples from these children (n≈660). Furthermore, 

analyses of both clinical and novel biomarkers of effect are also completed or planned in the 

same samples.  

 

NIPH is presently working on the next sample collection expected in 2021 (Part III). 

However, the bulk of the samples in NEB will be stored in the biobank for future studies, both 

to allow for analyses of hitherto not studied contaminants and for the purpose of studying trends 

in exposure. An advantage of using the MoBa cohort as basis for the environmental biobank is 

that extensive health information is already available. This opens for a number of studies on 

possible health effects of environmental contaminants.  
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Petrogenic polycyclic aromatic hydrocarbons (PAHs) are constituents found in crude oil and 

are typically present in 0.8-1.5%.1 The occurrence of PAHs in the marine environment due to 

oil and gas activities represents a direct risk to marine life and eventually to humans through 

consumption of seafood. The evaluation of their effects in marine organisms is therefore of 

great importance. Using Atlantic cod (Gadus morhua) as a model species, we are developing 

new sensitive biomarkers for the determination of oil exposure and at the same time developing 

methods for source tracking of contaminants.  

The talk will give an overview of the progress in this work. 
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In the Adverse Outcome Pathway (AOP) concept, environmental toxicity of a chemical starts 

with a molecular initiating event (MIE), often represented by binding to a receptor in a target 

organ. MIEs lead to a downstream key event (KE) cascade, which can result in an adverse 

outcome, i.e. toxicity. The aryl hydrocarbon receptor (Ahr) and the nuclear receptors (NRs) 

comprise important MIE targets for environmental pollutants. These receptors have the ability 

to bind and be activated by a wide range of xenobiotic chemical compounds, and as 

transcription factors their modulation may lead to physiological perturbation representing 

endocrine and metabolic disruption. As such, they can be termed «xenosensors». 

    Knowledge about the specificity and sensitivity of xenosensors in wildlife  in general, and in 

key indicator species in particular, is an important aspect of ecotoxicological research. This 

knowledge is also the basis for developing receptor-based bioassays for use in environmental 

monitoring and toxicity testing. The Atlantic cod (Gadus morhua) is a fish species of high 

importance in pelagic and coastal ecosystems of the North Atlantic, as well as in Norwegian 

fisheries. It is also a widely used indicator species in environmental monitoring programs in 

Europe, including the Water Column Monitoring program for the Norwegian petroleum 

activities in the North Sea. 

    In the Digital Life Norway dCod 1.0 project (NFR 2016-2020) we have cloned and 

characterized the two cod Ahrs as well as a number of cod NRs, including estrogen receptor 

(Er), androgen receptor (Ar), two vitamin D receptors (Vdrs), peroxisome proliferator activated 

receptors (Ppars), and in addition the zebrafish pregnane x receptor (zf Pxr). For each receptor, 

we have established a luciferase gene reporter assay (LRA), where single compounds, mixtures, 

and environmental extracts can be tested. Using this battery of LRAs, we have shown how 11 

different bisphenol A (BPA) analogs used as BPA substitutes in plastic manufacturing present 

similar, and sometimes stronger, endocrine disrupting properties, by activation of the cod Er. 

Using extracts from sediments representing a gradient of pollution from the inner parts of 

Byfjorden in Bergen to relatively pristine reference sites, we observe strong cod Ahr activation 

as well as cod Er and zf Pxr activation at the innermost sites. In the PW-exposed project, we 

are characterizing the toxicity of produced water from petroleum production using fractionated 

extracts, pinpointing specific fractions with the highest Ahr activating potency. 

   

   Together, our results demonstrate that a battery of receptor-based bioassays are useful in 

environmental monitoring and toxicity testing, at the same time advancing our knowledge of 

environmental risk from various complex pollution sources. 

The studies were funded by the Norwegian Research Council through the projects dCod 1.0 

(248840), iCod 2.0 (244564), and PW-exposed (280511). 
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Polycyclic aromatic hydrocarbons (PAHs) have long been targeted as the causative toxicants in 

crude oil and petroleum mixtures and products. Recently, this suspicion has been questioned, 

as neither the concentrations of PAHs present nor the proposed mechanisms/modes of action 

can explain the degree of toxicity of crude oil observed in fish early-life stages. Here, we aimed 

to use effect-directed analysis to fractionate a petroleum mixture (the water-soluble fraction of 

crude oil, hereafter called WSF) and expose embryonic stages of Atlantic haddock, a species 

that spawns in offshore oil-producing areas, to the resulting fractions. The toxic fraction(s) can 

then be identified, 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 followed by filtration to remove oil droplets, and the WSF was extracted using 

dichloromethane. We separated the WSF extract into 12 discrete fractions using cation 

exchange, anion exchange, and silica solid phase extraction cartridges eluted with increasing 

solvent strength. The WSF extract, the 12 fractions, and the recombined WSF extract were 

dissolved back into seawater for exposures. Haddock eggs were then exposed to the different 

fractions for 72 hours. A static renewal (12 hours) of solutions was applied. Water samples 

were collected daily. Samples of eggs were collected at the end of exposure to measure PAH 

concentrations for body burden and cyp1a expression while remaining eggs were moved to 

clean seawater for hatching. Survival, morphological condition, and heart function of fish was 

assessed using microscopy in hatched larvae. 

 

Severe effects were observed in WSF and recombined WSF exposures, including increased 

mortality, reduced body and eye size, decreased heart function, along with numerous 

craniofacial, eye, and body axis deformities. These effects were seen only sparingly in the 12 

individual fractions, and of particular note, they were mostly absent in the PAH-containing 

fraction. The resulting PAH body burden was comparable to that of a flow-through, whole oil 

dose exposure of approximately 200 µg oil/L. Expression of cyp1a was highest in WSF and 

WSF combined. It was also elevated in the silica-column-separated fractions, but approximately 

5-fold lower than in 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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This presentation will provide an overview of current knowledge regarding additive chemical 

content of plastics, analysis and leaching; both aqueous leaching and bioleaching to organisms 

following plastic ingestion. Data from a range of studies related to plastic additive chemicals 

will be presented. There will be a particular focus on the challenges involved in the 

identification and quantification of a potentially large number of organic and inorganic 

additives with a wide range of physicochemical properties. Synthetic polymer-based materials 

are ubiquitous in aquatic environments, where weathering processes lead to the leaching of 

additive chemicals. In addition to the risks associated with conventional thermoplastics (e.g. 

PVC, PET, polyethylene or polystyrene), concerns are emerging about the possible impacts of 

other polymer-based materials, including microparticles derived from car tire rubber (CTR). 

Most thermoplastics contain a variety of additive chemicals that either aid the production 

process or impart specific properties to the final product. These chemicals include a wide range 

of organic and inorganic compounds, which may represent a high percentage of the final plastic 

materials (in some cases up to 50%). While several additives (e.g. bisphenol A, phthalates and 

brominated flame retardants) have been shown to adversely affect aquatic species, and are 

known environmental contaminants, exposure to leached plastic additive mixtures has received 

far less attention, and knowledge regarding release, fate and effects is limited. The impacts of 

additive chemical exposure will be discussed in relation to different polymer types and their 

associated additive chemical profiles. Furthermore, the focus and interpretation of existing 

microplastic effects data on physical particle properties will be reconsidered with respect to 

additive chemical content. The presentation concludes with a recommendation for new 

approaches for microplastic effects assessments and a call for more data concerning the 

environmental concentrations of plastic additive chemicals, especially those not currently being 

routinely monitored. 
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Organic industrial and household waste is increasingly used in biogas plants to produce 

bioenergy, generating at the same time extensive amounts of organic residues, called biogas 

digestates. While agricultural soils can benefit from the organic matter and nutrients, in 

particular nitrogen and phosphorus, contained in biogas digestates, we need to assess the 

environmental and health risks associated to the undesirable substances that may come along. 

Among those, only a few are covered by actual regulations. For instance, the quantity of plastic 

materials below 4 mm in biogas digestate is currently not limited to any threshold, despite its 

likely occurrence in organic waste (waste bag remains and wrong waste sorting) and persistence 

in the environment. 

 

The aim of our study was identify and quantify plastic materials in digestates from Norwegian 

biogas plants, that are using various types of organic waste sources (e.g. sewage sludge, food 

waste, animal manure). In addition, a lab-scale experiment was set up to assess the physical and 

chemical transformations undergone during biogas processes by plastic materials commonly 

found in digestates. The methods used in our study included simultaneous thermal analysis 

coupled to Fourier transform-Infrared spectroscopy (for analysis of polymer composition), 

scanning electron microscopy (for assessment of physical transformations), and a range of 

physical and chemical extractions for recovering plastic materials from biogas digestates. 

 

While all digestates complied with current regulations, plastic particles with a size of 0.2-3 mm 

made up to 1% (on dry mass basis) of the samples analyzed. Analysis of the polymeric 

composition of the recovered plastic fragments confirmed that they originated both from the 

waste bags themselves (shredded during the first steps of waste handling) and from wrong waste 

sorting. In addition, the lab-scale biogas treatment was shown to considerably change the 

structure of the studied plastic materials, illustrating a pathway for the formation of secondary 

microplastics. Some analytical challenges linked to the size and aging of the plastic materials, 

as well as the complex composition of the digestates, will be discussed. From a broader 

perspective, a few options will be presented to address the presence of plastic materials in 

biogas digestates, and thereby minimize the risk associated to their use as soil amendment. 

 

Funding from the Norwegian Research Council is acknowledged (project Bærekraftig Biogass, 

Grant number 269444, project PacKnoPlast, Grant number 299326) 
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There is an increasing interest in plastics, both as a resource and as a pollutant. In Europe, 25.8 

million tons of plastic waste are generated each year, and their effects on climate, economy, 

human and environmental health are major challenges that society needs to address. Although 

a lot of emphasis is placed on recycling, the use of recycled plastics is still low in the EU. In 

this context, climate change and environmental concerns have boosted the development of 

various types of biodegradable plastics. The use of biodegradable plastics spans from 

disposable containers for food/drink, serviceware and wipes, via waste bags for organic waste 

collected for biogas production, to agricultural films used to cover soil during vegetable 

production. However, biodegradable plastics are rarely degraded so quickly and completely that 

the products disappear in nature, and the label may encourage people think otherwise, 

enhancing littering. 

 

The aim of our study was to describe the fate of biodegradable materials and products during 

waste treatment, and more specifically during composting. How long does it take these 

materials to degrade? What are the conditions for degradation, and ultimately, for obtaining 

plastic-free compost products? To answer these questions, we selected relevant materials, 

including compostable serviceware, biodegradable plastic bags used for organic waste 

collection, and biodegradable agricultural mulch films. Composting experiments were 

performed both at lab-scale (1.5 L containers with externally applied heating) and larger scale 

(in 140 L insulated compost tumblers, with natural heating from the composting processes, 

continuously monitored). The endpoints studied were recovery, mass loss, changes in 

morphology and composition, and microbial analysis of the various composts. In addition, we 

assessed the applicability of chemical digestion methods used for sample pretreatment of 

environmental samples containing conventional plastics to biodegradable plastics. 

 

Biodegradable plastics is an umbrella term covering materials with diverse polymeric 

compositions and thus material properties. This was well demonstrated by our selected 

materials, which displayed distinct degradation behaviors under similar controlled conditions. 

The time-course of degradation during composting will be presented for all selected materials, 

together with the main parameters influencing their degradation rates. In addition, some 

methodological challenges in this research field will be discussed. Finally, experience from a 

municipal composting facility receiving biodegradable plastic waste will also be presented to 

put our laboratory-based results into perspective. 

 

Funding from the Norwegian Research Council and Handelens Miljøfond is acknowledged 

(project DGRADE ï Constraints to degradation of biodegradable plastics in terrestrial 

systems, Grant number 303560) 
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While tire wear and tear is known to be one of the biggest sources of microplastics in the 

environment, environmental monitoring of tire wear particles (TWP) is still hampered by the 

lack of analytical methods able to provide TWP concentrations in environmental matrices. TWP 

present in road runoff enter the drainage system through gully pots, built to prevent sediment 

deposition further in the drainage system, and eventually protect downstream receiving waters. 

However, data on measured TWP concentrations in gully pot sediments are largely unknown, 

due to analytical limitations, including near-complete absorption of infrared light by TWP 

components such as carbon black. 

The aim of this study was to detect and quantify TWP in gully pot sediments, by using a novel 

method combining Simultaneous Thermal Analysis (STA), Fourier Transform Infrared 

spectrometry (FTIR) and Parallel Factor Analysis (PARAFAC). The method was applied to 

five sites in Southern Norway (Ås, Viken), characterized by different traffic densities and 

patterns, in order to potentially also relate TWP concentrations to traffic conditions. The method 

involved no sample pretreatment, the whole sediment sample was submitted to thermal 

decomposition in STA, and gases generated during pyrolysis were continuously transferred to 

FTIR. Sample mass loss during pyrolysis, together with the thermal and FTIR spectra generated 

were then analyzed by PARAFAC. 

The results showed that TWP concentrations in gully pots varied greatly across sites, ranging 

from below 17 mg TWP/g sediment in streets with the lowest traffic densities, to 149 mg TWP/g 

sediment at the most trafficked study sites. The results also confirmed the correlation between 

TWP concentrations in gully pot sediments and traffic conditions (e.g. traffic density and 

driving patterns). Environmental monitoring of TWP and safe disposal of gully pot sediments 

is critical for environmental pollution management, and we believe that the approach presented 

here is a strong contribution to this field.  
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Currently, the technologically most mature solution for removing carbon dioxide (CO2) from 

the flue gas of a coal-fired power station, a cement factory or a waste-to-energy plant is its 

chemical absorption into an aqueous amine solution. However, while CO2 can be efficiently 

captured as an amine carbamate salt, amines are partly volatilized from the solvent, entrained 

into the flue gas stream and emitted to the atmosphere. Atmospheric oxidation processes in the 

presence of nitrogen oxides (NOx) may partially transform the emitted amines into nitrosamines 

and nitramines, i.e. substances with known carcinogenic or potential carcinogenic properties. 

In addition, volatile amines efficiently react with acids to form non-volatile aminium salts, 

thereby increasing the particle burden in the atmosphere. Amine-based CO2 capture thus has 

important effects on local and regional air quality that need to be understood and monitored. 

 

The Atmospheric Chemistry Group at the University of Oslo has researched potential effects 

of amine-based CO2 capture on air quality for more than a decade. Research highlights include 

the development of atmospheric degradation mechanisms for important solvent amines, the 

measurement of amine emissions from the Technology Centre Mongstad (TCM) and smaller 

pilot facilities, the measurement of volatile amines at sites downwind of TCM, the detection of 

aminium salts in submicrometer particles downwind of an amine plant, and the development of 

advanced mass spectrometric tools for detecting amines, both in the gaseous and particulate 

state, in flue gas and in the background atmosphere. In my talk, I will present an overview of 

our research activities and discuss unresolved issues in the assessment of air quality effects of 

amine-based CO2 capture. 
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Amines (R3N) are organic derivatives of ammonia (NH3) in which one or more of the hydrogen 

atoms have been replaced by an alkyl group (alkylamines) or an aryl group (arylamines). 

Among the atmospherically relevant organic compounds, amines are unique in their acid-

neutralizing capability. In particular, gaseous aliphatic amines such as dimethylamine and 

trimethylamine undergo a rapid acid-base reaction in the presence of atmospheric acids such as 

H2SO4 or HNO3 to form aminium salt particles. Airborne particles play an important role in 

the atmosphere by absorbing and scattering solar radiation and by acting as cloud condensation 

nuclei. In the presence of NOx, amines may degrade in the atmosphere to form harmful 

compounds such as nitrosamines and nitramines.  

There is limited knowledge available on the atmospheric sources of amines. This is mainly due 

to chemical-analytical challenges in measuring amines in air. Atmospheric amines are typically 

present at very low concentrations (ppt levels) and due to their “sticky” nature they are easily 

lost on inlet lines and on instrumental surfaces.  

 

In light of these challenges, the Atmospheric Chemistry Group at the Department of Chemistry 

of the University of Oslo has developed a novel analytical instrument for the detection of 

atmospheric amines. The instrument is a modified version of a Proton-TransferReaction Time-

of-Flight Mass Spectrometer (PTR-ToF-MS) originally developed by Tofwerk AG in 

Switzerland. After modification, this instrument has proven able to detect atmospheric amines 

down to single-digit-ppt levels. This instrument also benefits from a very short response time, 

which makes it possible to monitor rapid dynamic changes of amine concentrations in the 

atmosphere. This opens up the possibility to study processes that affect the emission and 

transformation of amines.  

 

The novel instrument was hitherto deployed in two field campaigns. The first campaign was 

focused on industrial sources of amines and was conducted in cooperation with the Technology 

Centre Mongstad (TCM) on the west coast of Norway, approximately 60 km north of Bergen. 

TCM is a large test center for CO2 capture and amines are released to the atmosphere during 

the capture process. We have, for the first time, found traces of an emitted amine at a ~5 km 

downwind site. The second campaign was focused on agricultural emissions of amines and was 

conducted in cooperation with the Livestock Production Centre of the Norwegian University of 

Life Sciences in Ås, 30 km south of Oslo. Trimethylamine and dimethylamine were among the 

atmospheric amines detected in the vicinity of the agricultural research facility.  

 

We will introduce the new instrument and present the main findings from the two field 

campaigns. We will also reflect on the impact our methodology might have on the study of 

amines in the atmosphere.  
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Dechlorane Plus (DP) is a highly chlorinated flame retardant used in industrial polymers and 

building materials. It was introduced in the mid-1960s as a replacement product for Dechlorane 

(Mirex), which was banned through the Stockholm convention (SC) for its toxicity, 

environmental persistency, and potential for bioaccumulation and long-range transport. DP has 

been detected and measured in biotic and abiotic samples across both urban and remote regions. 

Consequently, DP has been proposed for listing under the SC, where it is currently under 

review.   

 

The understanding of DPs environmental behavior is still limited. Background concentrations 

of unregulated contaminants in air are key to understand their environmental behavior. That is, 

where they come from, how they are transported into remote areas and where they may end up 

in ecosystems. Thus, the main objective of this study was to carry out a spatial mapping of 

concentrations of DP in continental background air in Europe, an assumed source region to the 

pristine Arctic region.   

 

For this purpose, a total of 103 polyurethane foam based passive air samples were deployed for 

three months in background areas in 32 European countries in the summer of 2016.   

Dechloranes (sum of DP and DP analogs; dechlorination products from DP, DP isomers, and/or 

impurities from the DP synthesis) were detected in 51 % of the samples, with concentrations 

ranging from 0.06 pg/m3 to 11,5 pg/m3. The highest concentrations were measured in Central 

Europe, but no clear spatial trends were observed. The only detected DP analog was 

Dechlorane-602, which appeared in 28 % of the samples.  

 

Our results show that DP and DP analogs are present across the European background 

atmosphere. Further work includes application of atmospheric modelling tools to evaluate the 

hypothesis that Central Europe is a source region of DPs to the Arctic.  
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Persistent organic pollutants (POPs) are a group of chemicals of international concern due to 

their persistency in the environment, potential to bioaccumulate, toxicity and ability to undergo 

long-range environmental transport. The atmosphere represents an important pathway of 

environmental transport of POPs into remote areas. While spatial and temporal trends of POPs 

in air are monitored at various sites across the globe, the number of studies targeting the 

distribution of POPs across entire nations remain limited. This limits our understanding of the 

main sources controlling atmospheric burdens on a national scale. The key objective of this 

study is to assess the relative importance of primary emissions, secondary emissions, long-

range atmospheric transport (LRAT) and national emissions in controlling atmospheric 

concentrations of POPs across Norway.   

 

For this purpose, a comprehensive campaign was carried out summer 2016, measuring POPs in 

background air along an expected pollution gradient from more densely populated areas in the 

south of Norway, extending into the remote Norwegian Arctic (58º N to 79ºN, 5 ºE to 31 ºE). 

A total of 47 air samples were collected using passive air sampling, with polyurethane foam as 

sampling medium. The samples were analyzed for 31 polychlorinated biphenyls (PCBs) and 29 

organochlorine pesticides (OCPs) by using a gas chromatograph coupled to a high resolution 

mass spectrometer. To help support the interpretation of our measurements, we used the Global 

EMEP Multi-media Modelling System (GLEMOS) and the Flexible Particle Dispersion model 

(FLEXPART), to obtain further insight into source-receptor relationships of selected POPs.   

 

The concentrations measured in air of both PCBs and most of the OCPs were generally low 

compared to concentrations found in studies carried out elsewhere, with the notable exception 

of hexachlorobenzene. A limited spatial variability for all POPs, supported with model 

predictions, suggest that LRAT largely dominates atmospheric burdens in Norway. Model 

predictions by the GLEMOS model, as well as measured isomeric ratios, further suggest that 

LRAT of some of these POPs is largely dictated by secondary emissions from environmental 

reservoirs contaminated in the past.   

 

Our results illustrate the utility of combining observations and mechanistic modelling 

approaches to help identify the main factors affecting atmospheric burdens of POPs across 

Norway, which in turn may be used to inform both future monitoring and control strategies. 
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Measurement of elemental uptake by organisms presents some challenges. Simply increasing 

the concentration of the element of interest may produce unwanted side effects due to chemical 

toxicity, and the use of radionuclides may be impractical if large sample sizes are employed. 

 

The use of artificially enriched stable isotopes and ICP-QQQ in the measurement of the element 

of interest confers some advantages in that the overall concentration of the element of interest 

need not be significantly increased, and any side effects due to either chemical toxicity or 

radiotoxicity may be avoided. Moreover, with the use of ICP-QQQ, accurate isotope ratios may 

be measured with relatively small sample sizes. However, the element of interest needs to be 

comprised of at least two stable isotopes to enable the uptake of the enriched stable isotope to 

be determined.  

 

In addition, some corrections are necessary as the enrichment of stable isotopes does not yield 

material that is enriched to 100%, and the isotope will also be present to some extent in the 

material being analysed at ‘natural’ abundance. Therefore, determination of the uptake of the 

enriched isotope of the element of interest requires some relatively straightforward data analysis 

to yield an accurate value with low relative uncertainty. 

 

In the presentation, the theoretical basis for such measurements will be described. This 

theoretical basis will be illustrated via measurements made of the uptake of strontium by potato 

plants, using enriched 84Sr, and the uptake of cadmium by brown crabs, using 106Cd and 108Cd. 
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As an important prerequisite of sustainable future circular bioeconomy strategies, recycling of 

both non-renewable and renewable nutrients from organic residues will be important. Thus, 

application of organic residues as soil amendment and fertilizer is expected to recycle the 

nutrients contained in the residues but may also imply a dispersal and accumulation of 

contaminants on agricultural soils. From soils, contaminants may be absorbed into food and 

fodder plants, ultimately resulting in animal and human exposure.  The development of suitable 

production pathways for renewable energy production in recent years still do not take potential 

associated pollutant transfer sufficiently into account. Various technologies have been 

promoted and applied with the potential of uncontrolled emission of anthropogenic pollution. 

For instance, the use of biological (waste) material in anaerobic digestion, both as decentralized 

farm biogas plants as well as municipal plants for handling of, among others, organic household 

waste, has increased significantly in Europe and the North Americas. This development leads 

not only to an increasing amount of bioenergy produced, but also to a considerable amount of 

production waste to be handled properly as starting material for new products.  

 

The international coordinated strategies on Urban Agriculture (UA) is expected to be an 

important new pathway for bioeconomic production in an urban environment. This new 

agricultural frame is expected to provide both better living comfort, new “green” agricultural 

products and potential business concepts in densely populated areas of our world. As 

agricultural substrate soil, fertiliser and infrastructures from the urban environment are utilised.  

However, pollutant associated aspects of the soils and the potential for uptake in commercially 

available consumer products are not sufficiently implemented in the current international UA 

strategies. Possible consequences of organic pollutants in UA installations and commercially 

distributed products will be discussed as case studies in the presentation. 
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As part of an ongoing revision of the Norwegian legislation regarding the quality of fertilisers 

and soil amendment products, the Norwegian Environment Agency wanted to identify 

appropriate maximum limits (MLs) for a limited number of selected hazardous organic 

contaminants (HOCs) potentially pose a high risk in fertilisers and soil products.    

 

Approach and methodology for environmental and health risk assessments related to 

establishing MLs for fertilisers are discussed; selection of parameters, effect of temperature and 

redox-conditions, and fate processes in treatment processes and agricultural soil.  

 

The following HOCs were evaluated: Diethylhexyl phthalate (DEHP), Perfluorinated octane 

sulfonate (PFOS), Perfluorinated octanoic carboxylic acid (PFOA), The fragrances galaxolide 

(HHCB), tonalide (AHTN) and OTNE, Short-chain chlorinated, paraffins (SCCP), 

Nonylphenol + nonylphenol ethoxylates (NP + NPE), Decabromo-diphenyl ether (BDE-209), 

Polychlorinated biphenyls (PCB7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This abstract is based on a report published 2019; Eggen, T., Heimstad, E.S., Nikiforov, V., 

Vogelsang, C. 2019. Maximum limit values for selected hazardous organic contaminants 

(HOCs) in secondary raw materials used in fertilisers and soil products. NIBIO report 

5/110/2019. For Norwegian Environment Agency. 
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As the circular economy is becoming an increasingly important tool for reducing waste 

production and lowering resource depletion, attention is being drawn to monitor the negative 

environmental impacts of technologies such as biogas production. As biogas digestates are 

valuable resources of organic matter and nutrients such as nitrogen and phosphorus, they pose 

a risk for the ecosystems because they may contain heavy metals and organic/ inorganic 

pollutants. Nowadays, many different technologies are employed in the biogas industry, 

treating different types of organic materials such as kitchen wastes and sewage sludges, which 

may contain various concentrations of these pollutants. In our project, we aim to understand the 

risk the digestates may pose to the soil ecosystem, when used in agriculture as an organic 

fertilizer, by analyzing both the soil, plants and digestate samples in a 3-years field experiment 

as well as in associated experiments with composting and anaerobic digestion in laboratory. In 

this study we present the first data for soil concentrations of a group of organic pollutants of 

emerging concern (mainly drugs) that were measured during the field experiment. 
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 Spectroscopic methods have been applied for studies of speciation of metal ions in solution for 

over a century. For those having partially filled d- or f- orbitals, UV/vis is an attractive 

technique. The method is advantageously fast, but large bandwidths of highly convolved bands 

might leave it difficult to distinguish between molecular species characterized by subtle 

spectroscopic differences. Even more problematic is the studies of closed shell electronic 

structure species as these often appear ‘colorless’.  In contrast, vibrational spectroscopies 

provide much richer spectra disclosing crucial characteristic details – also for the ‘colorless’ 

metal cases. Infrared spectroscopy (IR) is as quick as UV/vis, but suffers from difficulties with 

strong solvent absorption backgrounds when dealing with water based solutions. Raman 

spectroscopy (R), which may be regarded as a complementary technique to IR, is very suitable 

for water solutions while providing the same level of vibrational information. Nothing is 

perfect, so here the challenge is fluorescence originating from impurities, or even worse; from 

the solutes themselves.  Nevertheless, suitable model systems within the topic of 

hydrometallurgy can be designed in a way that render it is possible to apply both IR and R to 

improve the understanding of metal-ion speciation in both water and organic phases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Chloroplumbate(II) species behaves differently when compared to many other 

chlorocomplex species comprising a divalent metal ion, in that the two left-over electrons on 

the Pb2+ ion causes the chloro complex symmetries to break. [PbCl4]
2− is not tetrahedral, 

[PbCl3]
− is not trigonal planar, while [PbCl2] is bent. Hence, their vibrational spectra appear 

richer and more complicated compared to their Mercury analogues. Detailed recognition of 

spectral patterns based on theory is advantageous for the model system designs that can be 

subject to measurements in the lab. By proper choices of organic solvents, extractants and water 

phase composition is possible to disclose how Pb ions can be removed from liquid phases 

emerging in different situations where it presents an environmental problem. 
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Alkylation has been suggested to alter the toxic mode of action of polycyclic aromatic 

hydrocarbons. To investigate the possible significance of alkylation for toxicity, embryos of 

Atlantic haddock (Melanogrammus aeglefinus) were exposed to phenanthrene, 12 alkylated 

analogs (methyl-, dimethyl-, ethyl- and propylphenanthrene) and a possible metabolite (9-

phenanthrol), using a passive dosing technique. Passive dosing employs a pre-loaded polymer 

to establish and maintain constant exposure concentrations in aquatic toxicity tests and can 

compensate for chemical losses during exposure by buffering the freely dissolved 

concentrations. Translucent silicone was loaded in methanol solutions saturated with the single 

components followed by water washes to remove any methanol. The loaded silicone was 

transferred to autoclaved seawater at 8°C for equilibrium partitioning for a minimum of 48 

hours before haddock embryos were introduced. The embryos were exposed to one single 

compound during gastrulation (3-6 days post fertilization). Intended concentrations for all 

compounds were the saturation limit in addition to some dilution series. Water samples (1 mL) 

were extracted with dichloromethane (DCM), body burden samples were extracted with 50% 

DCM in n-hexane (v/v), and all extracts were analyzed by gas chromatography/tandem mass 

spectrometry (GC/MS/MS). Water concentrations decreased during the first 24 hours of the test 

but then stabilized for the remaining 2 days. The dilution series gave the desired concentrations 

to assess uptake across several concentrations. A close correlation between body burden and 

water concentrations was observed. In this study, passive dosing was found to be a suitable and 

practical method for controlling exposure to single compounds in early life stage tests. 
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During the last decades, the concentration of dissolved natural organic matter (DNOM) has 

been increasing in boreal lakes. This has mainly been attributed to the decrease in acid rain, 

which led to an increase in solubility of DNOM.  Another regional trend responsible for this 

increase is the increase in terrestrial biomass (greening), induced by milder temperatures and 

land-use changes: more biomass in the catchment leads to increased export of DNOM to surface 

waters (browning). Concurrently, the global warming with increased temperature, as well as 

precipitation amount and intensity, contributes to an increased production and flux of DNOM 

to our surface waters. In the lakes, DNOM undergoes bio- and photo-degradation processes. 

These processes release associated nutrients, energy and bioavailable carbon to the ecosystem, 

as well as greenhouse gases. Understanding the biodegradability of DNOM is therefore a 

prerequisite in order to be able to predict the physico- and biogeochemical responses in boreal 

freshwater ecosystems under future climatic conditions and land-use changes.  

  

In autumn 2019, 73 lakes were sampled in southeast Norway in order to study the link between 

empirical and conceptual explanatory factors and the biodegradability of DNOM. Explanatory 

parameters include water chemistry and DNOM characteristic.  Water chemistry included pH, 

conductivity, absorbance, major anions and cations, trace metals, bacteria count, DOC, among 

others. Biodegradability of DNOM was determined based on respiration rate measured as 

oxygen consumption during incubation of the samples over 30h. The monitored oxygen 

consumption rate was also used to determine proxies for the amount of bioavailable DNOM 

(LOC) and the heterogeneity of the bioavailable fraction.   

  

The influence of the water chemistry and the DNOM characteristics on the biodegradability 

parameters were assessed through correlations and principal component analysis. The relative 

biodegradability of the DNOM was assessed by normalizing the maximal carbon consumption 

rate by the amount of carbon biodegraded and was dependent on the mix of allochthonous and 

autochthonous material. The biodegradability rate was also normalized by the DOC 

concentration. The resulting biodegradation rate was oppositely loaded to the aromaticity of the 

DNOM, confirming that the biodegradation rate is higher for low molecular weight DNOM. 
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Widespread use of nanoparticles (NPs), combined with NPs’ unknown risks related to the 

marine environment and organisms, calls for analytical methods that can reliably detect and 

quantify NPs in biological and environmental samples.  

A promising technique for the rapid screening and determination of NPs at environment 

relevant concentrations is the single particle inductively coupled plasma mass spectrometry (sp-

ICP-MS). With sp-ICP-MS a wide range of analytical information can be attained. Qualitative 

information about the presence of elements in particulate or dissolved forms can be acquired, 

as well as quantitative data on particle number concentration, mass concentration of particles, 

dissolved elements, and total element concentration. Most importantly, information about the 

size distribution of the particles can also be obtained, to ultimately determine if the material in 

the sample is a nanomaterial. 

We are currently developing methods for analysing various metal oxide NPs in marine samples. 

Metal oxide NPs of copper(II) oxide (CuO), cerium(IV) oxide (CeO2), zinc(II) oxide (ZnO), 

zirconium(IV) oxide (ZrO2) as well as gold (Au), for calibration purposes, have been studied 

using blue mussels as a model organism. An enzymatic extraction method has been used as a 

pre-treatment to digest the organic material in samples prior to analysis by sp-ICP-MS. The 

feasibility of the procedures has been assessed through investigation of method performance 

parameters such as trueness (recovery), precision (internal reproducibility and repeatability) 

and limit of detection (LOD) for the wide range of analytical information obtained. As 

complementary and confirmatory techniques, scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) have also been used to examine whether the size 

distribution results from sp-ICP-MS agree with the results from the SEM and TEM analysis. 

We will present our results for the different metal oxide NPs and discuss the advantages and 

limitations of the investigated techniques for NP determination in the marine environment. 
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Norway have one of the longest coastlines in the world and our coast has a lot of marine life, 

amongst other filtering organisms such as mussels. It is well known that blue mussels may 

contain elevated levels of metals, and maximum limits for both lead and mercury have been 

established in Europe. Previous investigations have indicated that blue mussel may also contain 

nanoparticles (NP) of elements such as silver and titanium. These nanoparticles have unknown 

risks related to the marine environment, organisms and food safety. 

 

The purpose of this investigation is to develop methodology for a screening and confirmation 

strategy for silver NPs in blue mussels. Dynamic light scattering (DLS) is a general technique 

suitable as a first step for rapid screening and particle size determination of NPs. Single particle 

inductive coupled plasma mass spectroscopy (sp-ICP-MS) is a promising technique for rapid 

screening of metal NPs and determination of both particle size, total element concentration, 

mass concentration of NPs and particle number concentration of silver NP in mussels. Electron 

microscope (SEM) is suited for supplementary analysis for NP size and shape determination 

and as a confirmatory technique for identification of NPs. 

 

Most of the experimental work have taken place at the institute of marine research (IMR), using 

sp-ICP-MS whereas analyses using DLS and SEM have been done at the University of Bergen 

(UiB). Gold NPs were used as model NPs for DLS and sp-ICP-MS analyses in the start of the 

project. Gold was found suitable for calibration purposes on the sp-ICP-MS whereas calibration 

with silver was not as successful as with gold, probably due to an incorrect silver NP standard, 

which was later revealed by SEM. 

 

Enzymatic digestion of the blue mussels by protease was employed to solubilize the organic 

matrix and analysis of both spiked and unspiked blue mussels were used to investigate 

important sp-ICP-MS method parameters such as trueness, precision, and detection limits. Our 

results indicate that both ionic and silver NPs are not as stable as their gold counterparts, leading 

to extra challenges in the determination of silver. Our results also indicate that the sp-ICP-MS 

sample extracts are not compatible with DLS determination and vice versa, mainly due to the 

difference in concentration required by each instrument. 
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Anthropogenic nanoparticles (NPs) may be purposely engineered, but also incidental, as by-

products of human activity. These incidental NPs greatly outnumber their engineered 

counterparts1, however, estimates of their concentrations in marine environment are largely 

based on unreliable models and little empiric evidence2. Potential impacts of NPs on seafood 

safety is also largely unknown. Furthermore, mechanistic models fail to predict NPs’ stability 

in the environment as they are extrinsic or media-dependent in nature3. The lack of empirical 

data regarding incidental NPs is actualized by submarine tailings deposition containing 

significant fractions of sub-micrometer particles. Screening sentinel marine organisms such as 

blue mussels would give valuable insights regarding impacts of both incidental and engineered 

NPs in the marine environment. 

 

Detecting and quantifying NPs in environmentally relevant matrices and concentrations remain 

a challenge. Single particle-inductively coupled-plasma mass spectrometry (sp-ICP-MS) is an 

emerging technique allowing detection of NPs at concentrations in the nanograms per liter 

range. Yet, few validated methods for screening of NPs exist4 calling for an analytical platform. 

 

This work builds on previous method development at Technical University of Denmark (DTU) 

and Institute of Marine Research (IMR)5 toward a routine screening method for screening for 

NPs in blue mussels. Enzymatically digested homogenate of aggregate samples (n=25) from 

three different locations in Norway were examined for method development and a first 

assessment of geographic variability. Sample preparation was done by mechanical 

homogenization following overnight enzymatic digestion using Protease from Bacillus species 

(Protamex). Sample digests were analyzed by sp-ICP-MS for the presence of TiO2, Cr2O3 and 

CuO NPs. Isotopes of titanium (48Ti), copper (63Cu) and chromium (52Cr)  were detected 

without the use of collision or reaction gases. The procedure was optimized to decrease particle 

size detection limit while retaining limit of detection for particle mass concentration sufficient 

for environmental concentrations. Final sp-ICP-MS analysis was performed in triplicates and 

repeated on separate days. 

 

Preliminary results indicate geographic variations in TiO2 NPs concentration, ranging from tens 

to hundreds ng of TiO2/g wet tissue, whereas only several ng/g of CuO and Cr2O3 were found. 

To our knowledge, this is the third report on quantification of TiO2 particles in bivalve 

molluscs6,7, and for the first time geographical variations of TiO2 particles in blue mussels have 

been examined. The work illustrates a starting point towards routine analysis and surveillance 

of NPs in the marine environment. 

 

We thank the JRC Nanomaterials Repository for providing the standard materials for TiO2 NPs. 
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