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COVERPAGE, OUTSIDE: Field visit, Palomares, Spain, May 2015. The snails contain plutonium particles due to
conventional explosion of weapon grade material, following the 1966 accident with a USAF B-52 bomber
carrying nuclear weapons. Photo: Brit Salbu
COVERPAGE, INSIDE: Skiftessjøen, Hardangervidda by sunset, summer 2015. Photo: Signe Dahl
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CERAD COE - IN SHORT 2015

CERAD PARTNERS
NMBU= UMB+NVH

Norwegian University of Life Science

NRPA

Norwegian Radiation Protection Authority

MET

Norwegian Meteorological Institute

NIPH

Norwegian Institute of Public Health

NIVA

Norwegian Institute for Water Research

SCIENTIFIC RESULTS

NUMBER

Scientific Articles
Books/Monograph

34
1

Technical/Scientific Reports
Scientific presentations

3
82

Popular Science
Presentations/Media

4

FUNDING 2015

MILL. NOK

RCN funding

17.0

In kind, Direct
In kind, Personnel
Other research projects
(NMBU/Isotope Laboratory)

2.25
24.6
6.0

Total

49.9

HUMAN RESOURCES
- PART TIME PERSONNEL
Professors; researchers

67

PhD
Postdoc

10
7

International guest scientists

1

International scientific network 10
Technicians/administration
12
Total

Winter at NMBU. Photo: Signe Dahl

107
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CERAD CoE - IN SHORT 2015
The CERAD CoE, established in 2013, has initiated
long term basic research to improve the ability to
accurately assess the radiological risks from
environmental radioactivity combined with other
stressors. By focusing on key factors contributing to
the overall uncertainties, CERAD represents a stateof-the-art research foundation for the advancement
of tools and methods to better manage those risks.
The scope includes man-made and naturally
occurring radionuclides that were released in the
past, those presently released, and those that
potentially can be released in the future from the
nuclear fuel cycle and from non-nuclear industries.
The program is based on the interdisciplinary effort
from scientists representing 5 Norwegian
organisations (NMBU, NRPA, MET, NIPH, NIVA) and
a network of international specialists.

Using an ecosystem based scientific approach,
CERAD focuses on different source term and release
scenarios, transfer of radionuclides in terrestrial
and aquatic ecosystems, biological responses in
organisms exposed to ionising radiation combined
with other stressors such as metals and UV
radiation under varying temperature/climate
conditions, to assess consequences on man and the
environment, economy and society. Although the
strategic research agenda (SRA) covers a broad
scientific field, priorities in 2015 were given to 8
Umbrella areas representing topics of key concern,
where knowledge gaps and improper concepts are
contributing
significantly
to
the
overall
uncertainties.

MG GROUP

From left: Deputy Director Per Strand, Research Director Deborah H. Oughton, Education Director Lindis
Skipperud, Centre Director Brit Salbu. Administrative Director Anja Nieuwenhuis was not present when the
picture was taken. Photo: Gisle Bjørneby
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COMMENTS FROM THE CENTER DIRECTOR BRIT SALBU
Center Director professor Brit Salbu
CERAD was established to perform long-term basic
research to improve the assessment of radiological
risks from environmental radioactivity combined
with other stressors. Thus, the key objective is to
reduce the overall uncertainties in impact and risk
assessments associated with environmental
radioactivity, combined with other stressors.
Although quite broad, the strategic research agenda
(SRA) has been a useful means to initiate the
research process focusing on common goals,
hypotheses and research questions. To focus more
direct on key challenges, both for Norway and
internationally, emphasis since late 2014 has been
put on 8 umbrella research areas.
The scientific programme of CERAD is much more
ambitious than anything hitherto attempted within
radioecology in Norway. I am therefore pleased to
see that the CERAD CoE team has made important
progress since 2013, both with respect to the
research performed and to the integration of more
than 60 part time scientists representing different
fields of science. Several field work/visits have
taken place during 2015; to the plutoniumcontaminated areas of Palomares, Spain, to the
nuclear test site Semipalatinsk, Kazakhstan, to
mining sites in Sudbury and the reactor facility in
Chalk River, Canada, and to sites in western Norway.
Fieldwork in Chernobyl and Fukushima are planned
for 2016.
Based on field expeditions and field visits in many
countries, a series of laboratory model experiments,
and model development, 77 articles have been
published in international peer review journals
since 2013, 34 in 2015. The list includes among
others contributions to the UNSCEAR “FukushimaDaiichi environmental impact assessment” - a White
paper to the UN General Assembly, and the IAEA's
Rapport «The Fukushima Daiichi Accident”. The
ESRF News July 2015 selected the CERAD
nanobeam synchrotron image of nanoparticles

retained within a nematode as the “Beauty of
Science”. In addition, more than 80 presentations
have been given at national and international
conferences and workshops, and CERAD research
was presented in a NRK television program
(Schrødingers katt).
The most comprehensive project focuses on impact
and risks associated with case studies: a hypothetic
nuclear accident in UK with deposition in western
Norway. Focus is put on the source term including
radioactive particle characteristics, implementation
of particle codes in air and marine tranport models,
deposition and dynamic ecosystem transfer, uptake
and effects of exposed organisms including man.
Following two stakeholder conferences on
emergency preparedness organised together with
NRPA in Rogaland, a potential affected western
county, representatives from central, regional and
local stakeholders have provided at site information
used for modelling purposes. Then, different models
- from sources to impact – have been coupled in
order to identify those factors contributing most to
uncertainties.
Many model experiments have been performed at
the unique NMBU low dose gamma facility, which
offers the opportunity to use advanced technology
to link exposure to biological responses. To
compare responses in exposed organisms (i.e.,
salmon, zebrafish, daphnia, nematodes, earthworm,
mice, plants and trees) a biomarker toolbox has
been developed. Low dose gamma exposure affects
sensitive life history stages of exposed organisms
and
many
responses
(e.g.,
deformation,
reproduction, transgenerational effects) are of
ecological relevance. When combined exposure is
applied (e.g., uranium + gamma, uranium +
cadmium, cadmium+ gamma, selenium + gamma)
additive, synergistic and antagonistic effects can be
observed. In addition, uptake experiments with
nanoparticles in nematodes have been performed,
and the internal NP distribution could be imaged
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using advanced nanobeam synchrotron radiation Xray techniques.
Many projects have been initiated, with a number of
promising results, a selection of which is presented
in the Research Highlights section of the present
volume. The scientific progress should be of interest
also to the international radioecology community.
During 2015, major progress has also been obtained
through the appointment of a new head of
administration, Anja Nieuwenhuis, who joined
CERAD in May 2015, a great support to the
Management group. In February 2015, the CERAD
conference was organised at the Norwegian
Academy of Science with about 75 participants,
including representatives from the CERAD
international network (SAC) and national
stakeholders (RAC). The CERAD director chaired
the 2nd Research Coordination Meeting of the IAEA
Coordinated Research Project “Environmental
Behaviour and Potential Biological Impact of
Radioactive Particles”, in Vienna, September, 2015.
In October, CERAD/NMBU organized together with
partners from the Nordic countries the NKS
International
workshop
«Challenges
and
opportunities associated with nuclear forensic» in
Oslo. In November, CERAD/NRPA organized
together with IUR a “Consensus Symposium on the
ecological effects of radiation on population and
ecosystems “in Miami, USA.
Researcher training and education (MSc, PhD) are
essential ingredients within CERAD in order to
provide an internationally attractive research
environment, and to produce candidates that are
internationally attractive. The EU supported NMBU
MSc in Radioecology is unique in Europe, and a
Research School is running. The course modules
given in English are run intensively to make access
possible for students from abroad. Collaboration
with respect to MSc in Radioecology has also been
initiated with the University Paul Cezanne/AixMarseille, France, Moscow State University, Russia,
Fukushima University in Japan and the National
University of Life and Environmental Sciences of

Ukraine, forming a valuable recruitment base for
PhD education. In April, a joint radiochemical
separation course was held at the Moscow State
University, a summer school course on
Environmental radiobiology was organized in June
at NMBU, and in September, CERAD/NMBU
organised together with COMET partners a oneweek field course for students and professionals on
NORM in Poland. In 2015, 17 PhD/PostDocs are
linked to CERAD; most of these are funded by In
kind contribution and by external projects.
As the CERAD politics includes collaboration and cofinancing of the activities with other organisations
nationally and internationally, new initiatives were
taken in 2015. CERAD/NMBU/NRPA are partners in
11 EU projects associated with the Radiation
Protection Program and 1 project associated with
the Nanotechnology Program. Both CERAD/NMBU
and NRPA are partners in the new EU CONCERT
European Joint Programming. CERAD/NMBU/
NRPA is member of the ALLIANCE (www.eralliance.org) and NERIS (www.eu-neris.net/)
platforms, CERAD deputy director Per Strand is the
vice president of the ALLIANCE, and CERAD has
board members of both the ALLIANCe and NERIS
platforms.
It is still a privilege to be head of CERAD, a research
organization with highly competent scientists, a
well-merited international network forming the
Scientific Advisory Committee, and motivated
stakeholders representing the Relevance Advisory
Committee.
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Director of CERAD,
Professor, Brit Salbu.
Photo: Gisle Bjørneby

COMMENTS FROM HALVOR HEKTOEN, THE CHAIR OF THE CERAD BOARD 2015
The objective of the Centre for Environmental
Radioactivity (CERAD CoE) is to provide new
scientific knowledge for better protection of people
and the environment from harmful effects of
radiation by itself or together with other stressors.
With a base in science, the authorities and other
stakeholders will thereby be able to conduct risk
assessments of environmental radioactivity
released from past or present sources, or from
sources that could potentially release radioactivity
in the future.
On behalf of the board, it is satisfactory to observe
that the collaboration between the partner
institutions: Norwegian University of Life Sciences,
NMBU (coordinator), Norwegian Institute of Public
Health, Norwegian Meteorological Institute,
Norwegian Radiation Protection Authority and
Norwegian Institute for Water Research, has found
a good and constructive path. CERAD has achieved
the goal of a broad and multidisciplinary approach
striving for state-of-the-art research. In order to
ensure common goals and research policy among
the partners, a routine of biannual partner meetings
has been established.
The administrative- and research organization,
which includes active involvement of research
groups and research umbrella leaders, makes the
management group (MG) able to identify knowledge
gaps and factors contributing to the overall
uncertainties and to prioritize according to the
decided criteria.

The collaboration with international institutions
and organizations is essential for reaching our
ambitions and research goals. In addition to
academic collaboration with scientists from Europe,
America and Asia, CERAD members are also heavily
involved in many international organizations (EU,
UNSCEAR, IAEA) in the nuclear field.
The educational activities play an important part of
CERAD. NMBU and CERAD have established a
master’s program in Radioecology, which gives the
opportunity for students from Europe and other
countries to come together. The program uses
expert teachers from different institutions in
Europe and North America. At present, 17 PhD
students and post-doctoral fellows are doing their
research work under the CERAD umbrellas.
More than 60 researchers are linked to CERAD, and
to further develop the “CERAD culture” the annual
CERAD Conference 2015 was held at The Norwegian
Academy of Sciences and Letters. The conference
gives the participants the opportunity to get an
overview of the program, and maybe more
important, to meet colleagues from other research
areas. In the interface between disciplines,
interesting and novel questions and hypothesis may
arise.
On behalf of the board, I will thank our partners, our
international contributors, all researchers, research
leaders, and the administration for the great results
during the last year.

2015 has been another busy year for CERAD with
enormous activities in all the research areas, from
radioactive particle sources, ecosystem transfer and
toxicity to realistic case studies. The planning of the
two case studies: potential nuclear accident and
deposition in Norwegian territory either from the
UK or from sunken submarines in the Arctic, will
give crucial information about knowledge gaps and
uncertainties.
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The chair of the CERAD
board 2015, Pro-Rektor,
Professor Halvor
Hektoen.
Photo: Gisle Bjørneby

ORGANISATION OF CERAD
THE CERAD BOARD MEMBERS IN 2015
Pro-rector Halvor Hektoen, NMBU, Chair
Director Ole Harbitz, NRPA, Deputy chair
Department Head Jan Vermaat, NMBU/IMV
Division Director Toril Attramadal, NIPH
Deputy Managing Director Tor-Petter Johnsen,
NIVA
Research Director Øystein Hov, MET
Scientist Dag Anders Brede, NMBU
Centre Director Brit Salbu, CERAD
CERAD CENTRE MANAGEMENT GROUP MG
CERAD Director: Brit Salbu, Professor, NMBU
and Head of Isotope Laboratory
Deputy Centre Director: Per Strand, Department
of Nuclear Safety and Environmental
Radioactivity, NRPA/Professor II, NMBU
Education Director: Lindis Skipperud, Professor,
NMBU
Research Director: Deborah H. Oughton,
Professor, NMBU
Administrative Director: Anja Nieuwenhuis,
NMBU
UMBRELLA PROJECT LEADERS
Umbrella 1 Ole Christian Lind
Umbrella 2 Justin Brown + Hans Chr. Teien
Umbrella 3 Dag Anders Brede
Umbrella 4 Knut-Erik Tollefsen
Umbrella 5 Ann Katrin Olsen
Umbrella 6 Alicja Jaworska
Umbrella 7 Terje Christensen
Umbrella 8a Ole Christian Lind
Umbrella 8b Jerzy Bartnicki

SAC – SCIENCE ADVISORY COMMITTEE,
CERAD INTERNATIONAL NETWORK
Dr David Clarke,
Glenn Seaborg Institute, LLNL, USA
Professor Valery Kashparov,
National University of Life and Environmental
Sciences of Ukraine, Ukrainian Institute of
Agricultural Radiology, Ukraine
Professor Koen Janssens,
University of Antwerp, Belgium
Professor Peter Stegnar,
Jožef Stefan Institute, Slovenia
Professor Carmel Mothersill,
McMaster University, Canada
Professor Colin Seymour,
McMaster University, Canada
Professor Tom Hinton, IRSN, France/Fukushima
University, Japan
Dr Clare Bradshaw,
Stockholm University, Sweden
Dr Marcel Jansen,
University College Corc, Ireland

RAC – RELEVANCE ADVISORY COMMITTEE
The Norwegian Ministry of Health and Care
Services, Lisbeth Brynildsen
The Ministry of Trade, Industry and Fisheries,
Lars Føyn
The Ministry of Climate and Environment,
Ingvild Swensen
The
Ministry
of
Foreign
Affairs,
Johnny Almestad
Norwegian Radiation Protection Authority,
Kristin Frogg

The Research Director of CERAD, professor Deborah
H. Oughton was appointed member of the
Norwegian Acadamy of Sciences and Letters in 2015
(Group 8). The CERAD director, Brit Salbu, was
appointed member in 1990, and is the head of the
Group 8. Photo Brit Salbu
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Isotope Laboratorium, NMBU. Photo Signe Dahl
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CERAD STRATEGIC RESEARCH AGENDA
INTRODUCTION AND BACKGROUND
The CERAD Strategic Research Agenda (SRA)
presents CERAD research areas (RA) and their main
research questions, hypothesis and approaches to
testing those hypotheses. In addition to focusing on
the key challenges within individual research areas,
the SRA also identifies integrated research areas,
and forms the basis for decisions about needs and
priorities for personnel, experiments, and
equipment within CERAD. Following brain storming
sessions and several workshops, the first outline of
the SRA was completed in April 2013, with the
involvement of over 40 scientists from all partner
organisations, in addition to consultations with
CERAD´s international partners. A second draft was
produced in February 2014, and at the end of 2014
research activities were reorganised into 8
umbrella research areas (see below). A revised
version of the CERAD SRA will be finalised in 2016.
In addition to an evaluation of the research
activities over the past 4 years, the new SRA will
place a strong focus on identification and
prioritisation of relevant and testable hypothesis.
DESCRIPTION AND EVOLUTION OF THE
RESEARCH AREAS
The original CERAD CoE was focused on four
overarching Research Areas: RA1 Source Term and
Release Scenarios; RA2 Ecosystem Transfer, RA3
Biological Effects, RA4 Risk Assessment and RA5 UV
Exposure. By the end of 2014, CERAD had supported
48 subprojects with budgets ranging from 50-650
kNOK. These ranged from small pilot studies to
large projects involving all partners. In order to
better stimulate cross-partner activities, the five
research areas were reorganised into eight focussed
umbrella projects.

THESE ARE:
• UMB1: Particle sources and effects
• UMB2: Dynamic transfer
• UMB3: Radiosensitivity
• UMB4: Combined Toxicity and Cumulative Risk
• UMB5: Transgenerational effects
• UMB6: Ecosystem approach
• UMB7: UV-/ionising radiation and dosimetry
• UMB8: Case Studies
o 8A - Western Norway Scenario
o 8B - Arctic
PRIORITISATION OF RESEARCH ACTIVITIES
The SRA formed the basis for selection of research
priorities and projects between 2013 and 2015. The
main priority has been given to projects providing
opportunities for collaboration between partners in
order to stimulate integration across research
areas. Additional criteria include relevance,
potential impact and feasibility, as well as support
for new positions (PhD, PostDocs) and the
availability of co-funding from CERAD partners.
UMBRELLA RESEARCH AREAS
UMB1: LINKING PARTICLE (NM-µM) CHARACTERISTICS
TO SOURCES AND IMPACT
Failing to address the speciation of radionuclides
can result in significant errors in the assessment
and modelling of the environmental impact of
radioactive contamination. This is particularly
important for severe nuclear events, since a
significant fraction of refractory radionuclides
released to the environment will be present as
radioactive particles. The particle matrix and
radionuclide composition are source dependent,
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while particle characteristics such as size,
crystalline structures and oxidation states are also
dependent on release conditions. Particles show
marked differences in behaviour from the – often
presumed – ionic species on which models are
based.

transfer. Moreover, detailed information on
radionuclide speciation or the influence of
environmental physical-chemical conditions and
dynamics is essential, but is seldom included in
these approaches, or the influence of other
contaminants and UV.

The overall objectives of UMB 1 are to characterize
nm-mm sized radioactive particles released from
different sources under different release scenarios
using advanced technologies, to perfom particle
weathering experiements as well as particle uptake
and effects studies to use such information to better
determine environmental transfer and biological
impact.

UMB2 directly addresses these concerns. The
overall objective is to improve the characterization
of radionuclide transfer in the environment through
a systematic implementation of dynamic
approaches.

Key Research Areas
1. Systematic characterization of radioactive
particles in order to link properties to sources
and release scenarios (Particle archive and
database).
2. Improvement of atmospheric/marine transport
models by implementing particle codes and
kinetics of relevant processes (sedimentation,
water/solid partitioning etc.)
3. Transformation (abiotic and biotic) of particle
associated radionuclides as function of time to
provide dynamic weathering data for dynamic
modelling
4. Biological impact of radioactive particles
including micro-dosimetry/nano-dosimetry to
account for heterogeneous exposures
UMB2: DYNAMIC TRANSFER: Kd f(t) – TF/BCF f(t)
When considering ecosystem transfer and impact
assessments for radioactivity, over-reliance is often
placed on empirical ratios, such as distribution
coefficients: Kds, concentration ratios and transfer
coefficients assuming equilibrium conditions.
Although offering great utility in screening
assessments, these approaches do not (a) capture
the
dynamics
of
many
environmental
contamination situations, nor (b) provide any
insight to the underlying mechanisms influencing

Key Research Areas
1. Quantifying the effects of radionuclide
speciation on dynamic uptake under controlled
laboratory conditions (e.g., Kd, CR, TF/TC/Tag,
BCR)
2. Characterizing the transfer of radionuclides
under field conditions, identifying factors
(physico-chemical , biological etc) that influence
the dynamics of transfer (e.g., Observatory sites,
field tracer studies)
3. Developing models which describe the dynamics
of transfer within different ecosystems and
accounting for the findings in (1) and (2) (e.g.,
ERICA dynamic tool)
UMB3: RADIOSENSITIVITY
The basic mechanisms involved in the interaction of
ionising radiation with biological matter are the
same for wildlife as for humans. The radiosensitivity
at the single and multicellular level is, however,
influenced by a number of different factors at level
of the cell and the organism (i.e., different cell types
and life stages). Hence, radiosensitivity varies for
different endpoints, individuals and species, and is a
critical factor for assessment of ecosystem level
impacts (IUR, 2013), since variations of the
response of different species can lead to population
and even ecosystem level changes.
The overall objective of UMB3 is to address central
research questions linked to inter and intra species
sensitivity and ecosystem effects and to elucidate
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what traits in the biology of each organism that
determine its sensitivity.
Key Research Areas
1. Establish a ‘SOP’ in order to secure comparable
experimental conditions between CERAD model
organisms. Select a set of standard comparable
dose rates, total doses, test organisms, sensitive
life history stage and biological endpoints (also
highly relevant for design of Umbrella Mix tox
and Umbrella Transgeneration),
2. Select a set of effect variables/parameters to
compare which dose rates or total doses that
result in EC10 or EC50 (also highly relevant for
design of Umbrella Mix tox and Umbrella
Transgeneration),
3. Design hypothesis based experiments based on
comparisons of: i) life history stages for single
species; ii) different species between one
organism class (e.g. aquatic: fish, terrestrial:
plants or earthworms) having different
reproduction strategies or presumed biological
response to stressors); iii) mutants of selected
species (e.g. zebrafish, c elegans) to further
investigate underlying mechanisms.
UMB3 functions as a framework to coordinate all
projects in CERAD involving irradiation of
organisms that previously were performed
completely independent. Research on these model
organisms will continue to be conducted as
independent projects, but the umbrella will ensure
that results from each experiment now can be
comparable between species.
UMB4: COMBINED TOXICITY AND CUMULATIVE RISK
ASSESSMENT OF MULTIPLE STRESSORS
Organisms in the environment are potentially
exposed to a number of stressors including those
originating from the exposure to contaminants
(inorganic and organics), different types of
radiation (ionizing radiation and UV) and global
climate changes. These stressors may cause adverse
effects mediated through different modes of action

(MoA) that may be relevant across phyla and taxa,
but also being unique to certain groups of organisms
and specific life stages. However, simultaneous
exposure to multiple stressors may give rise to
combined toxicity (i.e., joint toxicity) which may not
be predicted by the effects of the individual
stressors alone. The overall effect of these multiple
stressors may give rise to potentiation through
additivity and synergism, whereas reduction in the
effects observed (e.g. antagonism) has also been
reported for combinations of certain stressors. A
number of models, such as those using combined
toxicity principles such as Concentration Addition
(CA) and Independent Action (IA) is wellestablished for the prediction of combined toxicity
of mixtures of pollutants. These models have only
been applied in a limited degree to the hazard
assessment of multiple stressors as they have been
developed for less complicated exposure scenarios.
Key Research Areas
The overall objective of the work in UMB4 is to
investigate how simultaneous exposure to multiple
stressors may give rise to combined toxicity in order
to provide better cumulative risk assessments of
multiple stressors. The work will focus on:
1. Further development of prediction models
(conceptual approaches, IA/CA) for combined
toxicity and cumulative risk assessment of
multiple stressors and implementation in
experimental design
2. Laboratory experiments to obtain information
on interactions between relevant stressors
(relevant exposure scenarios) affecting uptake
and responses (different endpoints) in selected
test organisms (based on Umbrella 3),
3. Utilize experimental data in cumulative hazard
and risk assessment to improve prospective
(predictive) and national and international
regulatory practice.
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UMB5: TRANSGENERATIONAL EFFECTS
Umbrella 5 is concerned with transgenerational
hereditary, reproductive and epigenetic effects. The
overall objective is to generate experimental
evidence
with
new
knowledge
about
transgenerational effects caused by ionizing
radiation alone, and in combination with other
stressors (UV, metals, polltants etc.), as such data is
valuable for risk characterization in an ecological
and human perspective.
Key Research Areas
1. Focus on a few selected RAP/model organism
(e.g., mouse, zebrafish, C.elegans, earthworm,
Daphnia, arabidopsis or Norwegian spruce) best
fit (radiosensitivity, general basic knowledge,
etc) in deeper and more resource demanding
studies.
2. Investigate responses (endpoints such as
demographic, reproduction, behaviour, DNA
damage, gene expression) following a given
exposure with reasonable comparative potential
for the selected test organisms.
3. Focus on potential endpoint mechanisms for
transgenerational effects (e.g. epigenetics/
epigenomics: 1. DNAme, 2. histone modifications
and 3. ncRNA).
4. Extend the study to a wider spectre of RAP
species
(suitable
for
transgenerational
experimental study) for "cross evolutionary"
profiling of one or few selected representative
parameters/epigenetic markers.
UMB6: ECOSYSTEM APPROACH
CERAD’s overarching research objective is “the
development of an ecosystem based scientific
approach to help protect people and the
environment from ionizing radiation”. An
ecosystem approach is built on a holistic
understanding of risk assessment and management.
With respect to evaluation of the impacts of
environmental stressors, an ecosystem approach
entails a strong focus on the indirect effects as well

as the direct effects of environmental contamination
on individual organisms. Ecosystem interactions
and processes (e.g. food chain interactions,
competition between and within species, changes in
biodiversity) mean that ionizing radiation and other
stressors can result in impacts on species that are
not directly irradiated. Hence knowledge on the
effects on individual organisms is not sufficient for
risk assessment, and needs to be supplemented by
other data. Another central concept is the
interrelations between
humans and the
environment, including societal and economic
aspects, as well as the importance of risk
communication. The proposed research linked to
the ecosystem approach within CERAD covers
modelling as well as empirical and experimental
studies, and will build on experience obtained in
established international working groups (e.g., IUR,
IAEA, etc.).
Key Research Areas
1. Evaluation of the consequences of ionising
radiation on non-human biota. How do the
effects of ionizing radiation manifest themselves
at the community/ecosystem level? What
differences exist between effects on individuals
vs
populations/communities?
What
mechanisms and processes underlie these
differences?
2. Evaluation of the societal consequences of
ionising radiation exposure. How do ionising
radiation exposures impact on ecosystem
services such as provisional services (e.g. food
production or aquaculture), cultural services
(e.g. recreational activities like fishing),
consumer trust. What are the economic and
psychosocial consequences of these impacts?
How to communicate about risks with
stakeholders?
3. Evaluation of remediation measures (from
2016): What new challenges for radiation risk
management arose from the Fukushima accident
(e.g., new technology, intervention levels, social
media), and how can new knowledge be
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UV and radioactivity in a common radiationmap. The exposure values will vary according to
season, weather, time of day, ozone level and
surface reflection (UV) and depending on
transport factors under a possible nuclear
accident.

implemented in the Norwegian remediation
strategy. What are the environmental and
societal side-effects of remediation measures?
UMB7: UV-/IONISING RADIATION, DOSIMETRY AND
COMBINED EFFECTS

One of CERAD’s key areas for long term research is:
To identify responses induced in biota exposed to
medium to low radiation doses/dose rates, in
combination with other stressors such as UV
radiation, metals and antioxidants under varying
temperature/ climate conditions. The main
research question and hypothesis is that UV will
induce free radicals via exitation, while free radicals
are induced by ionising radiation via exitation and
ionisation. Thus, UV-induced alterations in a
biological system occur, and they may interact with
effects induced by ionizing radiation. Interactions
can be additive, synergistic or antagonistic and may
also be influenced by tertiary stressors like
pollutants (metals, organics) and climate change
(e.g. temperature and acidification.
Key Research Areas
1. Studies of mechanisms of interaction between
ionising and UV radiation in a number of test
systems, organisms and developmental stages
(e.g., cell cultures from various organisms, fish
embryos, sperm cells, plants, lichen, algae,
crustaceans etc).
2. Micro- and macro-dosimetry, modelling and
experimental verification of correct dose
determination in experiments and field studies.
Doses in terms of secondary radiation products
(particles, photons and induced Reactive Oxygen
Species (ROS)) will be central parameters.
Development of a concept resembling Relative
Biological Efficiency (RBE) also including
efficiency of UV (spectral weighting functions)
will be attempted for use in risk comparisons.
3. Surveillance networks for natural and manmade radiation. Further research and modelling
will be done to integrate the measured doses of

UMB8A: CASE: WESTERN NORWAY SCENARIO
The Western Norway project is an integrating
project involving all the RA and Umbrella research
and covering all the CERAD CoE partners in a case
study: to perform impact and risk assessment
associated with radioactive releases and deposition
in Norway i.e. linking sources term and releases
conditions to air and marine transport, deposition,
ecosystem transfer, exposure and biological effects
of radionuclides to consequences of health,
environment, society, economy and ethics.
Specifically, the work focuses on simulations of
hypothetical nuclear accidents in the UK using realtime meteorological data for atmospheric transport
and marine transport of radionuclides to the west
coast of Norway, as well as the subsequent
deposition, ecosystem transfer and potential
consequences for man and the environment
including economic and social impact.
The overall goal is to reduce the uncertainties in risk
assessments associated with nuclear accidents and
the subsequent radionuclide contamination of
different ecosystems.
Key research areas
1. Identify
knowledge
gaps and factors
contributing to the overall uncertainties,
sensitivity analyses of the predicting models
applied or developed within the project. Provide
a priority list for individual models.
2. Combine
different
models
–
identify
input/output challenges. Include other relevant
radionuclides (e.g., I, Sr, U and Pu-isotopes).
3. Source term characterisation, to evaluate
transport, deposition and ecosystem transfer.
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4. biological uptake and potential effect for man
and the environment (for different ecosystem)
5. Identify “at site information” needed in the
different models and assessments; through
meetings with regional and local authorities to
identify relevant stakeholders.
UMB8B: CASE: ARCTIC: HYPOTHETICAL SUBMARINE
ACCIDENTS

The arctic scenario is based on simulation of
potential effects arising from a breach in the
suncken Russian nuclear submarine K-27, which
was scuttled in the outer part of Stepovogo Bay
located on the eastern coast of Novaya Zemlya in

1981. The submarine is assumed to be rescued and
transported to Gremihka at the Kola Peninsula. The
second Arctic scenario concerns the russian
submarine K-159, sunken North of Murmansk at the
Kola Peninsula. The approach and rationale are
similar to that adopted in the Western Norway
scenario, with an aim to improve assessment of the
atmospheric transport of radionuclides and
deposition in Norway from a hypothetical accident
on board the K-27 or K-159. Joint Russian –
Norwegian expeditions to the sites were performed
in 2013 and 2014, respectively.

Taste of spring in February. Photo Brit Salbu
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RESEARCH HIGHLIGHTS
KEY FACTORS TO ADDRESS IN ORDER TO REDUCE UNCERTAINTIES IN MODELS UTILISED WITHIN
RISK ASSESSMENTS
O.C. Lind, O. Bergland, E. Romstad, S. Navrud, D.H.
Oughton, B.O. Rosseland, B. Salbu, Y. Tomkiv (NMBU),
A. Liland, J. Brown, J.E. Dyve, A Hosseini, M. Iosjpe, H.
Thørring, M.A. Ytre-Eide (NRPA), J. Bartnicki P.E.
Isachsen, H. Klein, M. Simonsen, Ø. Sætra (MET), R.M.
Couture, Y. Lin, K.E. Tollefsen (NIVA).
Objectives: The overrall goal of Umbrella project 8a
is to reduce the overall uncertainties in impact and
risk assessments. The CERAD uncertainty and
model group have coupled environmental models to
run in sequence (Fig. 1). During this process the
parameters
associated
with
the
largest

uncertainties were to be identified and the
uncertainty factors they may introduce to be
quantified. The results of these sensitivity analyses
serve as input to ongoing and upcoming focused
research aiming to reduce the uncertainties.
Methods: 1) Identifying key factors contributing to
uncertainty by quantifying uncertainties at all levels
(every model, and coupled models) and 2) Identify
key parameters that realistically can be improved
through research, fieldwork and experimental
studies within CERAD.

Figure 1. Risk assessment models coupled in sequence with the key factors to be addressed in order to reduce uncertainties in risk
assessment.

Results Knowledge on the source term including
speciation as input to the models is crucial and the
asssociated
uncertainties
should
not
be
understimated. As an example, 3 hours difference in
start time of a hypotethical Sellafield HAL accident
release caused deposition changes with a factor of
four, and assuming high density particles instead of
light particles induced an error of a factor of 2.
Atmospheric transport models can be improved by
reducing general meteorological uncertainties
through ensemble predictions and by better
parametrization of wet and dry deposition. For
models coming into play after deposition,

uncertainties can be reduced by implementing
dynamic functions instead of constants in order to
better
reflect
environmental
processes.
Furthermore,
site-specific
information
on
biogeochemical parameters, agriculture, economic
values of ecosystem services etc. should be
implemented in the models.
Conclusions To reduce the overall uncertainties it
is crucial to focus on source term, to replace
constants with dynamic functions and to obtain
information through field work, lab experiments
and stakeholder involvement.
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FROM SELLAFIELD TO NORWAY: WORST CASE METEOROLOGICAL SCENARIO
J. Bartnicki, H. Klein (MET) O.C. Lind, B. Salbu (NMBU)
A hypothetical accident at the Sellafield nuclear
facility has always been of concern for Norway,
because of typical meteorological conditions with
prevailing westerly winds in the region. Such
conditions indicate a high probability of
atmospheric transport of the radioactive cloud to
Norway in case of an accident.
Objectives: Analysis of the atmospheric transport
of radionuclides to Norway and deposition in
Norway from a hypothetical accident at Sellafield
with a focus on the probability of arrival.
Methods: A long-term (33 years) meteorological
database was used to perform simulations with the
SNAP dispersion model. The SNAP model was run
twice a day for the whole 33 year period and
deposition calculated for each model run. Next, the
statistical analysis was performed and the worst
case meteorological scenario selected.
Scientifc output: Based on the resuts of SNAP
simulations, maps of probability of arrival have
been created and the statistics of the transport time

analysed. A map with probability of arrival from a
hypothetical accident at Sellafield is presented in
Fig. 1. The probability of arrival is very high for the
western part of Norway (25-40 %), but it is also
relatively high for southern Norway (15-25 %). It is
interesting to note the small island of high
probability over the western coast of Norway. It is
mainly created by very frequent and intensive
precipitation in this location, which causes very
effective wet deposition of radionuclides. The
selected worst case meteorological scenario
occurred on the 7th of January 2000. The deposition
map for this scenario is shown in Fig. 2. The
deposition of the western coast of Norway for this
scenario is very high. Also, the deposition over
entire southern Norway and partly central Norway
is high.
Conclusions: The probability of arrival to Norway
from a hypothetical accident at Sellafield is high.
Such an accident, in the worst case meteorological
conditions, can create a serious threat to mainly
western Norway, but to southern Norway as well.

Figure 2: Deposition map from the worst case scenario for
hypothetical Sellafield accident

Figure 1: Map with probability of arrival of a radioactive cloud to
a given location from a hypothetical accident in the Sellafield
nuclear facilities.

.
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FROM K-27 SUBMARINE TO NORWAY. WORST CASE SCENARIO
J. Bartnicki, H. Klein (MET), I., Amundsen, J. Brown, A,
Hosseini, M.A. Ytre-Eide (NRPA), Ø. Hov, H.
Haakenstad, O.C. Lind, B. Salbu, C.C.S. Wendel
(NMBU)
The Russian nuclear submarine K-27 suffered a
serious loss of coolant accident in 1968, and the
submarine was scuttled in the outer part of
Stepovogo Bay located on the eastern coast of
Novaya Zemlya in 1981. If rescued, the submarine is
assumed to be transported to Gremihka at the Kola
Peninsula. The inventory of spent nuclear fuel on
board the submarine is of concern because it
represents a source of potential radioactive
contamination to the environment, including the
environment of Norway.
Objectives: Assessment of the atmospheric
transport of radionuclides and deposition in
Norway from a hypothetical accident on board the
K-27.
Methods: A long-term (33 years) meteorological
database was used for the selection of the worst
case meteorological scenarios. Next, the dispersion
model SNAP was run with the source term for the
worst-case accident scenario and selected
meteorological scenarios. The initial results showed
that the worst case concerning Norway was the

scenario with Gremikha Bay as an accident location.
This part of the work was done in 2014. However,
those SNAP simulations were performed only for
two months per year, because of the meteorological
conditions (presence of ice). In 2015, we extended
the SNAP simulation for all months of the 33-year
period with Gremikha Bay as the location of a
hypothetical accident.
Scientific output: Based on new simulations, a new
worst-case scenario for Norway was selected, as
presented in Fig. 1. In this new worst case scenario,
the western part of Norway is facing a much severer
threat than in the previous scenario. In addition,
based on the statistical analysis, a new map was
created with the meteorological probability of
arrival (Fig. 2). The probability of arrival is
significant for the northern part of Noraway (15-25
%), whereas it is relatively low for southern Norway
(<3 %).
References: Bartnicki, J., Amundsen, I., Brown, J.,
Hosseini, A., Hov, Ø., Haakenstad, H., Klein, H., Lind,
O.C., Salbu, B., Wendel, C.C.S. and Ytre-Eide M.A.
(2016) Atmospheric transport of radioactive debris
to norway in case of a hypothetical accident related
to the recovery of the russian submarine K-27.
Journal of Environmental Radioactivity 151, 540416.

Figure 1: Deposition map from the updated worst case scenario
for hypothetical K-27 accident.

Figure 2: Map with probability of arrival of a radioactive cloud
from accident to a given location, based on SNAP model runs for
33 year period
.
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RECONSTRUCTION – FROM DEPOSITION TO A SOURCE
C.C.S. Wendel, O.C Lind, B. Salbu, D.H. Oughton, L.
Skipperud (NMBU), S. Tims, L.K. Fifield (ANU), J.
Bartnicki (MET), S. Høibråten (FFI)
Objectives: To determine the origin and transport
route of a radioactive cloud that reached Norway in
November 1962.
Methods: Accelerator mass spectrometry (AMS) for
Pu isotope determination in air filters in
combination
with
atmospheric
dispersion
modelling (HYSPLIT and SNAP) and real time
meteorological data.
Scientific output: 240Pu/239Pu and 236U/239Pu atom
ratios in air filters (Fig 1) were low, reflecting a
nuclear weapon low yield source and matched the
corresponding ratios measured at Ground Zero,

Semipalatinsk test site. Furthermore, the dates of
deposition on air filters in Norway and real time
meteorology (Fig 2) reflected that low yield nuclear
weapopn detonations at Semipalatinsk test site
(STS) were the sources.
Conclusions: The results confirmed previous
findings – deposition of Pu in Norway in November
1962 is attributed to debris from STS that was
transported to Europe and to Norway.
References:. Wendel, C.C.S., Fifield, L.K., Oughton,
D.H., Lind, O.C., Skipperud, L., Bartnicki, J., Tims, S.G.,
Høibråten, S., Salbu, B., 2013. Long-range
tropospheric transport of uranium and plutonium
weapons fallout from Semipalatinsk nuclear test
site to Norway. Environment International 59, 92102.

Figure 1: Pu isotope ratios in air filters collected in Norway
November 1962.

Figure 2: HYSPLIT simulation of the release of radionuclides from a
detonation of yield 10 kt which took place over Semipalatinsk testing
site 31.10.962 (top). Simulated release heights were between 1750
and 5000 m, and post detonation concentrations between 0 and 75
m above ground were simulated. The plume position and air
concentrations of debris on 9.11.1962 is shown in the figure. The
release location (Semipalatinsk) is indicated as a star in the lower
right hand side of the map. Atom ratios of Pu measured with AMS in
comparison with literature data (bottom). Reference date
01.01.2012. Literature data from * Beasley et al. (1998) based on
measurements of soils at ground zero in Semipalatinsk; ** Kelley et
al. (1999) soil samples collected worldwide.
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WORST PLACE SCENARIOS” FOR NUCLEAR ACCIDENTS IN THE NORTHERN MARINE ENVIRONMENT
Conclusion: The scientific output of databases
and maps will allow us to assess relatively
rapidly, in advance, individual transports of
radioactive material, (potential routes and
various accident scenarios) before the transports
actually take place

J. Brown, M. Dowdall, A. Hosseini, P. Strand (NRPA)
The North and Nordic Seas contain some of the
world's most important fishery resources and
represent areas of significant traffic involving
nuclear powered vessels and transports of
nuclear and radioactive materials. Consumer
awareness to even rumors of radioactive
contamination imparts a special vulnerability to
this region. The effective assignation of
emergency resources, design of monitoring
programs and provision of information regarding
accidents relies upon an a-priori analysis of
potential impacts.

References: Kauker, F. et al. / Environmental
Modelling & Software 77 (2016) 13-18

Objectives: To complete a sensitivity analysis
regarding potential impacts on the most
important regional fishery (selected as the
Lofoten area) with a view towards development
of a system capable of providing information
regarding potential contaminant dispersal from
any point within the North and Nordic Seas.
Methods: A 3D hydrodynamic oceanographic
model called NAOSIM formed the basis for this
analysis. An adjoint of that model, called
ADNAOSIM, was used to determine the sensitivity
of the output (ie. water concentration at Lofoten)
to the geographical location of the input (i.e. the
release point). In a similar way as a
backtrajectory calculation, all sensitivities in the
region of interest are provided by a single run of
ADNAOSIM, which propagates the sensitivity
information backwards in time from the target
area.
Results: The results indicate that the Lofoten
area is potentially vulnerable to releases of
radioactive materials over a much wider area
than was previously considered (Fig 1).

Figure 1. Maps of the sensitivity of the target area within six
months of a surface release
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HETEROGENEOUS DISTRIBUTIONS OF RADIONUCLIDES AND TOXIC TRACE ELEMENTS SHOULD BE
EXPECTED ON A MACRO-LEVEL AS WELL AS ON A MICROMETER SCALE
O.C. Lind, S. Cagno, B. Salbu (NMBU), W. De Nolf, K.
Janssens, G. Nuyts, F. Vanmeert (Univ of Antwerp)
Objectives: To obtain information on particle
characteristics
(e.g.,
element/radionuclide
composition, distribution, particle size, structure,
oxidataion state etc.) of importance for assessing
environmental impact at contaminated sites.
Methods: Samples from contaminated sites were
screened for heterogeneties using digital
autoradiography. Particles were isolated and
characterized using a series of advanced nano- and
microanalytical techniques (e.g., p-Imaging, ESEMEDX, nano-CT, synchrotron 2D/3D µ-XANES/µXRF/µ-XRD).
Scientific output: Heterogeneous distributions of
radionuclides in soils and sediments reflect the
presence of radioactive particles. Based on Pimaging, single particles are extracted. Based on
ESEM-EDX a 2 D image of elements present at
specific spots (Fig 1), while topography provides a
3d distribution of elements. The p-Imaging and
ESEM-EDX serve as a preparatory means for nanoCT and synchrotron radiation techniques. Based on
the unique particle archive and experience from
>20 years of particle research particle
characteristics such as composition depend on the
releasing source, while size distributions,
crystallographic structure and oxidation state also
depend on release scenarios. Based on recent
NMBU/CERAD projects on particles associated with

TENORM sites and accidental release sites,
heterogeneous distributions of radionuclides and
toxic trace elements in soils and sediments should
be expected on a macro-level as well as on a µm
scale.
Conclusions: Radioactive particles can carry a
series of radionuclides as well as a range of stable
toxic elements. Screening for radioactive
heterogeneities in samples from contaminated sites
followed by the particle characterisation should be
implemented in the analytical program when
environmental impact is to be assessed.
References:. Lind, O.C., Cagno, S., Falkenberg, G.,
Janssens, K., Jaroszewicz, J., Nuyts, G., Priest, N.,
Audet, M., Vanmeert, F., Salbu, B., 2014. Low-level
radioactive river sediment particles originating from
the Chalk river nuclear site carry a mixture of
radionuclides and metals, ICRER 2014, Barcelona.
Lind, O.C., De Nolf, W., Janssens, K., Salbu, B., 2013.
Micro-analytical characterisation of radioactive
heterogeneities in samples from Central Asian
TENORM sites. Journal of Environmental Radioactivity
123, 63-70.
Salbu, B., Skipperud, L., Lind, O.C., 2015. Sources
Contributing to Radionuclides in the Environment:
With Focus on Radioactive Particles, in: Walther, C.,
Gupta, D.K. (Eds.), Radionuclides in the Environment Influence of chemical speciation and plant uptake on
radionuclide migration. Springer International
Publishing, pp. 1-36.

Figure 1: ESEM-EDX of a soil sample from within the Kadji Sai U mining site, Kyrgizstan. Using Electron backscattered electron imaging
mode (upper left), bright areas reflect high atomic number areas on the surface of the particle. ESEM-EDX spectra from the bright area
(labelled spherical feature) showed that U was a major element in the mineral grain and associated with Ca, Si, S and As. Bar 20 μm.
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URANIUM MOBILIZATION UPON UVB RADIATION EXPOSURE
S. Vilas Nehete, H-C. Teien, B. Salbu (NMBU), T.
Christensen (NRPA)
Objectives: This study focuses on the effect of
Ultraviolet-B (UVB) radiation on uranium (U)
complex with fulvic acid (FA) and humic acid (HA)
in a soft water system at different pH, concentration
and radiant exposure.
Methods: The concentration and distribution of U
in complex form was analysed with asymmetrical
flow field-flow fractionation coupled to multi
detection techniques (AsFlFFF-UV-ICP-MS).
Results: U was primarily associated with
intermediate to higher than average molecular
weight (MW) FA/HA components. Increase in U
adsorption with increase in concentration from 10
mg/L to 30 mg/L of FA (1.86 to 2.43 µg/L U) and HA
(2.78 to 4.86 µg/L U) shows formation of high
molecular weight U complex. Concentration of U in
complex form was also increased with increasing
pH of medium. Decrease in MW of FA-U complex (~
4kDa to 3kDa) and HA-U complex (~5.2 kDa to 3.6
kDa) upon exposure to UVB radiation (0.42
mW/cm2 for 3 days) indicates splitting of FA and
HA and mobilisation of U (fig. 1). The higher
molecular mass (HMM) fraction was degraded due
to UVB exposure transforming it into a fraction with
lower molecular mass (LMM). Around 50 % of U
was mobilized after UVB exposure for 48 hours.
This study reveals the importance of considering
UVB
exposure
when
studying
uranium
bioavailability to various aquatic organisms in the
presence of dissolved organic carbon (DOC). Earlier
reported results have demonstrated that DOC
decreases the bioavailability and toxicity of U as the

uptake of U is reduced in presence of DOC. Even
though DOC forms complex with U, the UVB
exposure could mobilize U and increase the LMM
fraction assumed to be more bioavailable to aquatic
organism.
The results demonstrate that AsFlFFF-UV-ICP-MS is
an important separation and detection technique
for understanding radionuclide (RN) distribution in
different dissolved organic matter (DOM) samples.
This includes tracking change in MWD and
concentration of DOM and RN complex during
degradation processes, which may be a key to
understand RN transport and bioavailability.

Figure 1. Illustration of breakdown and mineralization of DOC by UVB and change in molecular weight distribution of U complex due to
UVB radiation.
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GAMMA RADIATION EFFECTS IN ATLANTIC SALMON (SALMO SALAR) DEVELOPING EMBRYOS
H-C. Teien, Y. Kassaye, D.H. Oughton, D.A. Brede, O.C.
Lind, B.O. Rosseland, B. Salbu (NMBU)
Objectives: The study is focused on gamma
radiation effects in Atlantic salmon (Salmo salar L.)
embryos exposed from fertilization of the egg to
hatching.
Methods: Toxicity of gamma irradiation towards
Atlantic salmon embryos was studied in two
exposure experiments using the 60Co source at
Figaro, NMBU. US EPA very soft water, at 5.9±0.3 °C
and pH 6.7±0.4 were used. Dry stripped eggs (200
and 500 in experiment 1 and 2 respectively) from
three different female were dry fertilized with
sperms from one male, and placed with water in
three separate exposure, as parallels. Each exposure
unit received water from a reservoir in a recycling
system (fig 1). Eggs were exposed for 92 days, from
the time of fertilization until hatching. The exposure
protocol was based on the standardized OECD
guidelines 210 (OECD 2013). Five nominal gamma
doses (experiment 1: 0, 0.4, 1, 10 and 40mGy/h and
experiment 2: 0, 1, 10, 20 and 30 mGy/h) were
studied. Total dose for gamma exposure was
determined using Inlight Nanodot (Landauer).
Results demonstrated both dose-responses at
molecular level and at the individual level. At 30 and
40 mGy/h gamma irradiation caused deformities in
all embryos (6.0-58 Gy). Necrosis, reduced growth,
hemorrhages, eye deformities, pigmentation
scattering, resulting in deleyed development and
reduced survival (fig 2).
At 20 mGy/h reduced survival, delayed hatching
and development of the yolk sack fry were
observed, while at 10 mGy/h or lower, no change in
deformities or time of hatching was observed.
Using RNA-Seq gene expression profiling after 28
days of exposure (164 day degree) results
demonstrated that gamma exposure affected gene

expression (fig 3) reflecting oxidative stress, DNA
damage, programmed cell death and development
(blood homeostasis, eye). Thus, molecular
responses of gamma exposure were linked to
adverse outcomes at the individual level such as
tissue damage, deformities and mortality.

Figure 1. Experimental design

Control

40mGy/h

Figure 2. Massive hemorrhages and disappearance of blood vessels
(avascularization) are clearly observed in irradiated embryos (after
67 day of exposure)

Figure 3. Differentially expressed genes (DEGs) of 28 days
exposure of embryos.

Conclusion Dose rates between 20 – 40 mGy/h are
critical for embryonal development in Atlantic
salmon, both during 9 and 90 days of exposure.
Further work will focus on identification of effects
at gamma dose rates of ≤10 mGy/h.
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URANIUM SPECIATION, UPTAKE AND TOXICTY IN ATLANTIC SALMON (SALMO SALAR L.) AND
INTERACTING EFFECTS OF CADMIUM
H-C. Teien, Y. Kassaye, T. Hertel-Aas, D. Brede, O.C.
Lind, L. Skipperud, B.N. Sone, D.H. Oughton, B.O.
Rosseland, B. Salbu, (NMBU), H. Thørring, L. Kiel
Jensen (NRPA), C. Svendsen (CEH)
Objectives:
To
obtain
information
of
bioavailability and toxicity of uranium (U)
towards fish, and the influence of competing
cations and life stage, U toxicity experiments were
conducted with Atlantic Salmon (Salmo salar L.)
juvenile parr and embryos. To identify if any
interaction occurs between toxicity of uranium
(U) and cadmium (Cd) towards Atlantic Salmon
(Salmo salar L.) juvenile parr
Methods: To obtain information of U toxicity
Atlantic Salmon juveniles parr were exposed
(96h) to depleted uranium (DU) at 5-7 nominal
concentrations in range 2 to 100µM for acute
toxicity tests (OECD, 1992). Speciation (size
fractionation), tissue accumulation (gill, liver) and
induced toxicity of U as a function of varying water
concentrations of H+, Ca2+, Mg2+, Na+ and K+ as well
as U were studied. XRF imaging at Petra P06 was
used to identify the U distribution in gills.
To obtain information of interacting effects 570
fish were exposed (96h) to depleted uranium and
Cd for acute toxicity tests (OECD 210). A partial
factorial design was used with 7 nominal U water
concentrations (4.2 to 14.7 µM) and 10 nominal Cd
water concentrations (0.9 to 35.5 nM) at pH 6.7.
Interacting effects were established using
mortality as endpoint.
Results demonstrated that U was predominantly
present as low molecular mass species, <10 kDa
independent upon pH and water concentration of
ions tested. U accumulated in fish gills and was
transported to liver. Concentration of U in both
tissues increased with U concentration in the
water and with decreasing pH (fig 1). XRF imaging

demonstrated uranium correlated with cartilageand thus uptake.
U concentration in gills (independent of water
quality) correlate with effects (fig 1). Change in
gene expression were observed at gill
concentrations >0,034µM U/g dw gill, ion
regulation problems and stress response ( change
in blood plasma Cl and blood glucose) at gill
concentrations >0.21µM U/g dw gill and mortality
at gill concentrations >0.34µM. LC50 value
increased exponentially from 4.2 to 108 µM from
pH 5.2 to 7.8, respectively. Thus, U bioavailability
and toxicity is highly dependent upon pH and U
speciation.
Exposure of eggs, from fertilization until hatching
demonstrated uptake of U in eggs, effects on
development at 2 µM U and 100 % mortality was
observed at 1/3 concentration of LC50 value at
juvenile stage. Thus, early developmental stage of
atlantic salmon was more sensitiv to U compared
to juveniles. Using comet assay results
demonstrated that uranium is genotoxic as DNA
damage at cellular level in Salmo salar embryo at
500 µgU/L or higher.
Main mode of action (MOA) identified by
differentially expressed genes of juvenile gills
were ROS, DNA/protein damage, mitochondrial
disturbance, ion transport, immune system. Thus,
identified MOA at molecular lever was linked to
physiological effects and reduced survival at high
concentration. For Cd 100 % mortality was not
gained at the highest concentration tested (35.5
nM), but LC50 values for Cd were observed to be
8.9 nM. Thus, the toxicity of Cd was around a factor
of 1000 higher than of U for S. Salar.
Fish exposed to Cd showed differences in sublethal effects ( no effects on plasma Cl and Glucose)
and indicate different mode of action of U and Cd.
Thus, possible interacting effects of U and Cd in the
binary mixture were assessed using the

~ 26 ~

independent action (IA) model and deviations
from this model. The deviation model was used to
test deviation from the IA prediction.

toxicodynamic as demonstrated by the deviation
model using the internal concentrations value at
juvenile stage. Compared to exposed eggs Juvenile
stage was observed to higher sensitivity toward
Cd while opposite for U.

Results indicating joint effect of U and Cd on
survival appeared antagonistic where Cd
dominates the effect, , not reaching that predicted
by IA, whether based on water concentrations, gill
concentration or liver concentration of U and Cd.

Conclusion: The uptake and toxicity of U is
dependent upon speciation. pH is one key factors.
U is geneotoxic and causing ionregulation in fish.
Embryo developing stage seems more sensitive
towards U than juvenile stage. Findings highlight
also the importance of understand underlying
mechanisms in toxicity and mixture studies.

The antagonistic effect appeared to act on the
toxicokinetics, as the uptake of Cd in the liver of
the juvenile parr was significantly lower in the
presence of U (fig 2), as well as on the
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Figure 1. A) Experimental design, B) Relationship between U in
unfiltered water and accumulation in gills, C) U-gill concentration
and mortality and D) U-gill concentration and blood plasma Cl.

5

4 µM U

8 µM U

10
Water Cd (nM)

15

20

Figure 2. A) Correlation between Cd water and Cd liver of Atlantic
Salmon (Salmo salar) at different U water concentrations B)
interacting effects between U and Cd on % mortality in atlantic
salmon juveniles.
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A MULTIGENERATIONAL STUDY OF ZEBRAFISH IRRADIATED WITH GAMMA RADIATION DURING
SENSITIVE LIFE STAGES
J.L. Lyche, P. Aleström, S. Hurem, L.C. Lindeman, J.
Kamstra, L. Martin, V. Berg, I. Mayer (NMBU-Vetbio),
D.A. Brede, Y.A. Kassaye, H.C. Teien, O.C. Lind, D.H.
Oughton, B. Salbu (NMBU-IMV), T. Christensen
(NRPA), A.K. Olsen, A. Graupner (NIPH), T. Gomes, J.
Thaulow, K-E. Tollefsen (NIVA)
Objective: To study multigenerational inheritance
using a zebrafish model and phenotypic endpoints
including
reproduction,
malformations,
histopathology, mortality, oxidative stress/ROS,
DNA damage, genome wide gene expression and
epigenetic landscapes, bioinformatics and predicted
biological function analysis.
Methods: Exposure of zebrafish and monitoring of
endpoints ranging from demographics to
epigenomics using various endpoint assays,
chromatin immunoprecipitation (ChIP), qPCR and
next generation sequencing.
Results: Zebrafish (Danio rerio) were exposed to
gamma radiation (0.5-40 mGy/h) during two
sensitive
stages:
gametogenesis
(g)
and
embryogenesis (e) generating 3 lines of F0 exposed
zebrafish: g, ge and e. Embryogenesis exposures
were for (i) 3 hrs (2.5-5.5hpf; blastula/gastrula), (ii)
up to 3dpf (hatching) and (iii) 5dpf (ready for start
feeding, Fig 1)).
Embryogenesis (e F0): Significantly different
demographic effects compared to controls
(hatching, malformations and survival) in zebrafish
embryo exposure groups (0-2 and 0-5dpf) starting
from 1 mGy/h. Dose-response effect on gene
expression in embryos exposed between 2.5 and
5.5hpf with 0.5-10mGy/h (1.5-30mGy). ChIP
analysis of histone post-translational modifications
(PTMs) show significant enrichment of the marker
of active promoters, H3K4me3, at specific
nucleosomes in embryos after direct gamma
exposure. Ingenuity Pathway Analysis (IPA) of the
differentially expressed genes after 3h exposure of

zebrafish embryos around mid-blastula transition
(MBT) when the zygotic genome gets activated
reveals similarities in gene networks with postChernobyl B-cell lymphocytic leukemia (B-CLL)
patients (hnf4a, myc, cebpa, vegfab) (Savli et al. Exp
Oncol. 2012). Global methylation (LC/MS) highthroughput assessment of methylcytosine (5mC)
and hydroxymethylcytosine (5hmC) revealed that
zebrafish embryos are fully re-methylated from 1
cell stage to around 8 % at 8hpf (gastrula) while
hydroxymethylation does not appear until from
12hpf. For adult tissues, 5mC levels are significantly
higher in testis and lower in brain, while 5hmC
displays the opposite relative pattern (Kamstra et
al. 2015. Zebrafish, 12, 230–237).
Gametogenesis (g, ge F0 and F1): Parental IR
during gametogenesis inflicts a range of
patho/morphological changes in offspring and
cause reproductive impairment. Survival: Crosses
with F0-40 g line, either between both sex exposed
or when cross-breeding F0-40 males and control
females, resulted in 100 % mortality (at gastrula
stage). In comparison F1 offspring from the F0-10
lines g and ge resulted in between 5-20 % mortality.
For both g lines (10 and 40 mGy/h, total doses 4 and
31Gy) there were a significant increase in
deformities, ROS and DNA damage. Preliminary
results from histopathology has revealed
alterations in the retinal morphology in the F0-10
F1-10 ge embryos. Offspring embryos from the F0-10
ge line showed significant changes in epigenetic
marks represented by histone PTMs.
Other CERAD species: Histone PTM analysis (ChIP)
method has been established for Salmo salar
embryos and a study of histone PTM patterns on
gamma irradiated samples using ChIP-PCR and
ChIP-seq is ongoing. A corresponding ChIP method
is established for Daphnia magna and of mouse
testis.
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Epigenetic landscape cross-talk study of F1 (Fig
2): A set of samples from F0-10mGy g line F1
offspring embryos will be investigated for gene
expression (mRNA-seq and short ncRNA-seq), DNA
methylation BIS-seq and H3K4m3, K27m3 ChIP-seq
to allow a comparative study at what degree
changes in genome wide epigenetic patterns can be
correlated the gene expression and phenotypic

endpoints after gamma exposure of parental
generation.
Conclusions: Zebrafish are sensitive to low-dose
exposures from 0.5 to 40mGy/h and are suited for
CERAD
related
studies.
Both
significant
demographic, ROS and DNA damage as well as gene
expression and epigenetic changes can be observed.

Figure 1 Exposure regime of zebrafish, during both
gametogenesis and embryogenesis (ge), and
during gametogenesis (g) or embryogenesis (e)
only. Effects follwed at genereration F0, F1, F2 and
F are indicated.

Figure 2 Analysis of epigenetic landscape crosstalk in F1 resulting from gamma exposure of
parental generation.
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TOXICITY ASSESSMENT OF IONIZING RADIATION AND MULTIPLE STRESSORS IN DAPHNIA MAGNA
T. Gomes, L. Xie, Y. Song, D. Brede, Y. Kassaye, O.C.
Lind, H.C. Teien, K. Gutzkow, B. Salbu, K.E. Tollefsen.
Objectives: Provide relevant data for comparison of
cross-species sensitivity to ionizing (gamma)
radiation and multiple stressors in the freshwater
crustacean Daphnia magna. A combination of
molecular, cellular and functional responses will be
assessed to characterize the toxicity to this
cladoceran branchiopod (Fig. 1). The data generated
will be used to identify key factors that drive species
sensitivity to the different stressors and identify
molecular targets and relevant toxicity pathways
that may give rise to adverse effects. Experimental
and theoretical data gathered will be used to
develop a network of Adverse Outcome Pathways
(AOPs) for multiple stressors on basis of Mode of
Action (MoA) and adverse effect information.

expressed genes identified at both the low (0.4
mGy/h) and high (40 and 100 mGy/h) dose rates.
Long term alterations in fecundity (brood size,
hatching time, molting and mortality) were also
observed after 48h exposure, and were typically
occuring at 1 and 10 mGy/h. The current work
focuses on characterizing the toxicity of stressors
such as ultraviolet (UV) light, metals, radionuclides
and a selection of organic compounds to D. magna
as a basis for future studies with multiple stressors.
Future studies with D. magna also aim to assess
chronic and transgenerational effects of ionising
radiation and assemble this information into an AOP
format.

Methods: D. magna was exposed to gamma
radiation (0.4 – 100 mGy/h) and exposure (reactive
oxygen species (ROS) formation formation), early
gene and functional (gene expression, lipid
peroxidation, DNA damage) and adverse effects
(growth, reproduction, survival) were determined
by a suite of effects and response analysis.
Results: Results obtained for D. magna revealed
multiple MoA after short-term exposure to gamma
radiation. Oxidative stress in the form of ROS and
DNA damage was detected after 24h and 48h
exposure, especially at higher gamma dose rates
(10, 40 and 100 mGy/h). Gene expression patterns
showed dose-dependent transcriptional alterations
in D. magna after 24h exposure, with differentially

Figure 1: Molecular, cellular and functional responses to multiple
stressors
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STATE-OF-THE-ART X-RAY NANOIMAGING TECHNIQUES VISUALIZE HEAVY ELEMENTS
DISTRIBUTION AND NANOPARTICLE UPTAKE IN CAENORHABIDITIS ELEGANS
D. A. Brede, O.C. Lind, S. Cagno, D.H. Oughton, B. Salbu
(NMBU), K. Janssens, F. Vanmeert, G. Nuyts
(University of Antwerpen), J. Jaroszewicz (Technical
University of Warsaw), R.T. Tachoueres, P. Cloetens,
A. Pacureanu (European Synchrotron Radiation
Facility)
Objective:
To
utilize synchrotron X-ray
nanoimaging techniques for investigation of spatial
elemental distribution and speciation including
oxidation states and crystallography with
nanometer resolution.
The overall objective of the current project was to
investigate uptake, fate and toxicity of nanoparticles
at the cell level in an intact organism. Thus, biotest
experiments with the nematode C. elegans, a model
organism featuring a transparent body, short life
cycle and ideal size (1 mm), were performed.
Methods: 96 hour exposure of synchronized C.
elegans (ISO10872, 2010) to Co-NP (17-17000 µg
Co-NP/L) in controlled experiments, from L1 until
adults. The effect endpoints were development,
growth, fertility, reproduction and mortality.
Uptake, distribution and fate of the NP were
analysed using CT, 2D XRF tomography at the ESRF
ID16A synchrotron beamline.

Results: Co-NP were readily ingested by C. elegans,
but nematodes were able to develop normally and
reproduce even at concentrations of NP up to xx
mg/L (Fig. 1). Toxic effects on reproduction were
only evident at the highest exposure concentrations
of NP (17 mg/L). 2D and 3D elemental maps were
constructed of the whole body, organs and tissues.
These facilitated nanometer visualization of Zn and
Fe granule containing organelles. Co-NP were
abundant in intestines of exposed and subsequently
depurated animals. NP bound to the intestinal
epithelium, was translocated outside the intestinal
lumen. Individual NP-aggregates were located in the
vicinity of developing embryos.
Conclusion: These results demonstrate the
feasibility of determining 3D tissue distribution of
stable elements and radionuclides in an intact
(50x1000 µm) organism at 30 nanometer
resolution.
This work was selected for Beauty of science in
ESRF News, July 2015.
Reference: Brede, D.A.; Lind, O.C.; Cagno, S.;
Janssens, K.; Nuyts, G.; Vanmeerts, F.; Pacureanu, A.;
Cloetens, P.; Tachoueres, R.; Salbu, B. Nanoparticle
uptake in worms. ESRF Newsletter 2015 (70) s. 30

Figure 1. Phase contrast 3D rendering of Co
nanoparticle uptake by the nematode C.
elegans. The figure shows two embryos in
the uterus of an adult hermaphrodite
exposed to Co-NP at xx mg/L. Behind the
embryos we can see abundant Co
nanoparticles in the intestine of the
nematode. This level of detail can only be
obtained at nano-imaging beamlines. The
presence of Co was confirmed by X-ray
fluorescence tomography.
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BIOLOGICAL EFFECTS OF CHRONIC LOW DOSE RATE IONIZING RADIATION, AND SELENIUM
DEFICIENCY, IN MICE
A.K. Olsen, A. Graupner, C. Instanes, D.M. Eide, N.
Duale, J. M. Andersen, H. Dahl, B. Lindeman, T. Hofer,
G. Brunborg, A.K. Olsen (NIPH), H. Bjerke (NRPA), D.A.
Brede, O.C. Lind, A. Brandt-Kjelsen, D.H. Oughton, B.
Salbu (NMBU)
Objectives: The main objective was to establish
whether exposure to low dose rate ionising
radiation, or selenium deficiency, could contribute
to cancer development, by examining one important
hallmark of cancer development, genotoxicity and
mutagenicity. Other objectives were to investigate
important adverse endpoints such as reproduction,
transgenerational perpetuation of effects. A last
objective was to understand the molecular
mechanisms unperpinning adverse effects.
Methods: Male mice were exposed chronically to
low dose rate gamma radiation (1.4 mGy/h, 45 days,
1.48 Gy total dose). Half of the mice were given lowSe diet and two mouse models were used, functional
wild type (he) and mice deficient in the repair of
certain oxidative DNA lesions (Ogg1-/- mice, ko).
Mice were sacrificed at irradiation stop (day 45) and
after 45 days of recovery (day 90). Prior to sacrifice
at day 90, mice (F0) were mated with naïve
unexposed females to give rise to offspring (F1 +
F2). Genotoxicity and mutagenicity were assayed in
blood using a battery of three complementary
methods (Graupner et al., 2014): chromosomal
damage (micronucleus), phenotypic mutations (Piga gene mutation) and DNA lesions (Comet assay
measuring single strand breaks/alkali labile sites
and oxidated DNA bases). Se-deficiency was
monitored by assaying the activity of the Se-protein
Glutathione peroxidase and total Se-content by
analytical methods.
Male reproduction was measured by recording
fertility rates, offspring numbers, sterility,
cannibalism, histopathological changes in testis,
relative testis weights, sperm head counts, DNA

damage levels (ssb, als and oxidative DNA damage)
in testicular cells, aberrant sperm chromatin
structure and sperm fluid carbonylations. Molecular
mechansims of action measured included genome
wide gene expression analyses in testis and DNA
methylation assessments in an selection of
transposable elements and imprinted genes in
sperm.
Results: Genotoxicity: The controversy regarding
the validity of the risk assessment tool, the linearno-threshold (LNT) model (Fig. 1) assuming linear
induction of cancer with total dose was addressed.
Moreover, we asked if Se-deprivation, since human
blood levels have declined recent years, or DNA
repair deficiency would exacerbate a potential
genotoxic effect of radiation. We found that the
chronic low dose rate of gamma radiation used was
indeed genotoxic, with significantly increased levels
of chromosomal damage, phenotypic gene
mutations and DNA lesions. Genotoxicity was not
evident evident in blood different from our previous
results in other tissues (Graupner et al., 2015).
The levels of oxidised DNA lesions were lowest in
the most stressed group, i.e. in mice on low-Se and
irradiated. At 45 days after irradiation the DNA
damage levels (ssb/als) were 50 % lower in
irradiated mice compared to controls. The Ogg1mice were not different from controls.
Reproduction: Focus was on effects on stem cells, the
spermatogonia. In the directly exposed F0 males
mice we recorded reduced fertility (Se-deficiency
led to sterility), histopathological changes in the
testis, reduced relative testis weights and sperm
head counts, increased testiclular DNA damage
levels, aberrant sperm chromatin structure with
changes both in fragmentation index and packaging
and induced sperm fluid carbonylations. Several of
these measurements were most pronounced
following both stressors. In F1 and F2 offspring no
changes in fertility parameters or effect on relative
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testis weights were evident. Underlying molecular
mechanisms: Genome wide gene expression profile
analyses was perfromed in testis at day 45 by RNAsequencing. About 1000 genes were significantly
differentially expressed (p<0.05, Fig. 2) in both ko
and he mice. Hierarchical clustering analysis
showed a clear difference between irradiated and
control samples in ko-testis and no clear separation
in he-testis. Pathway analysis showed involvement
of metabolic pathways, oxidative phosphorylation,
Alzheimer’s and Huntington’s disease. A limited set
of genes (21 genes) commonly affected by low dose
rate γ-irradiation in both genotypes were identified.
We observed no marked changes in DNA
methylation levels as a result of either stressor, or
genotype, in these rigidly regulated DNA sequences.
This is the first study to report on DNA methylation
in such genes following chronic low dose ionizing
radiation, or Se-deficiency, in spermatozoa..

Figure 1. The Linear-no-threshold model for risk assessment of
cancer induction following exposure to ionising radiation

Conclusions: Chronic low dose rate ionizing
radiation is indeed genotoxic in mice. The
genotoxicity recorded in blood cells and
reproductive effects induced by chronic low dose
gamma irradiation and Se-deficiency are mirrored
by changes in gene expression levels in the testis,
but not in changes in DNA methylation of the rigidly
regulated genomic regions such as transposable
elements and imprinted genes.
References:
Graupner et al., Mutat Res Genet Toxicol Environ
Mutagen, 2014;
Graupner et al, Mutagenesis, 2015.

Figure 2. Heatmap of gamma radiation affected genes in Ogg1 komice
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DYNAMIC REINDEER
L. Skuterud, T.H. Hevrøy, M.A. Ytre-Eide, H. Thørring
(NRPA)
Objectives: The “Dynamic reindeer” project aims to
develop a dynamic model for radioactive caesium in
reindeer, which will improve our understanding of
the long-term issues of cesium uptake and helps
authorities
and
reindeer
herders
make
management decisions regarding the still ongoing
post-Chernobyl situation. The time series will also
serve the Dynamic ERICA tool development
Methods: The project focuses on the situation in the
Vågå reindeer herd in the Jotunheimen area
(southern Norway); where about 20 reindeer are
fitted with GPS collars. The GPS log is accessible
online, and by using GIS software (GRASS) the
positions are linked to a 137Cs deposition map of the
area. Based on this deposition, and known transfer
factors for 137Cs to the reindeers’ different dietary
components in this area, the 137Cs intake and
concentration levels in reindeer are modelled
through an adapted and improved version of the
model by Åhman (2007). The model also takes into
account the reindeer’s seasonal changes in diet
(both composition and quantities) and metabolism
(i.e., biological half-time of 137Cs). Our model has
been developed in python. Model estimates are
validated through results of live monitoring and
measured collared reindeer during the bi-annual
(autumn and winter) gathering and slaughter of the
Vågå herd.
Results: Fungi were abundant in the grazing area in
autumn 2014, with correspondingly elevated 137Cs
concentrations in reindeer (Fig. 1). At the three
following monitoring occasions, our model
underestimates the 137Cs concentrations in reindeer
by a factor of 1.6-1.9. This discrepancy is currently
being explored through assessing the model inputs
and parameters. Relevant parameters range from
issues with the deposition map to dietary and

physiological differences between our collared
adult females and the “standard 70 kg model
reindeer”. The modelling results so far are within a
acceptable factor of estimate variation. However,
the initial estimates (Fig. 1) suggest that the model
should better account for variability in the models
parameters to reproduce the range in 137Cs
concentrations in reindeer. The model also needs to
account for fungi abundance being a significant
impacting factor on 137Cs concentrations in
reindeer.

Figure 1: Measured (dots) and estimated (curves) 137Cs
concentrations in reindeer from Sep. 2014 to Jan. 2015. Measured
concentrations in Sep. 2014 were used as the reindeers’ start values
in this model run.

Conclusion: Interestingly, the preliminary results
support a management decision on changing the
location (i.e., in effect the grazing areas) of the
winter slaughter in Vågå. Now the herd is being
‘clean fed’ for 2-3 weeks while herded in the
direction of the new slaughter location.
References: Åhman, B., 2007. Modelling
radiocaesium transfer and long-term changes in
reindeer. J. Environ. Radioact. 98, 153-165.
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REDUCED UNCERTAINTY
RADIONUCLIDES

IN

RECREATIONAL FISHING DAMAGE COST ASSESSMENT

O. Bergland and S. Navrud, (NMBU-HH)
Objective: To reduce the uncertainty in the
economic assessment of reduced recreational
fishing in the River Vikedalselv (Rogaland county,
Norway) due to a hypothetical nuclear accident in
the UK. The study is part of the Umbrella 8a Western
Norway case.
Methods: A combined Travel Costs and Contingent
Valuation (CV) study in the River Vikedalselv (V.)
was performed in 1987 in order to estimate the
recreational value of fishing in the river prior to
implementing a liming program aimed at restoring
the Atlantic Salmon and Sea Trout stocks in this
acidified river. Temporal value transfer (VT)
techniques (Ready and Navrud 2006) can be used to
find the current recreational value per fishing day in
this river, but value transfer adds uncertainty to the
existing methodological uncertainty in the primary
study (see Bergland et al 2002). Therefore, a new CV
internet survey was conducted in autumn 2015 in
order to elicit the current anglers´ maximum
willingness-to-pay over and above their current
expenditures
to
derive
their
consumer
surplus/recreational value. The response rate was
60 %, giving a net sample of 63 anglers.
Results: The main results of the comparative
analysis of the transferred results from the 1987
study versus the 2015 survey were (all values in
2015-NOK):

assuming no substitution to other rivers in
Rogaland county.
• VT from CV survey in River V. in 1987:
217.000 NOK
• CV survey in River V. in 2015: 388.000 NOK
Conclusions: The results show that temporal value
transfer underestimates annual damage costs by 44
%, under the assumption there is no substitution to
other rivers in Rogaland county which will be the
case if all these rivers are contaminated and closed
for fishing. The damage costs will be less if not all
rivers in Rogaland are closed, as 80 % of the anglers
reported that they would then move to other rivers
in the county. If the River Vikedalselv was open for
Catch and Release (CR) fishing during the
contamination period 52 % said they would still fish
there. Thus, both these scenarios would reduce the
damage costs. These results clearly shows the
benefit of conducting the new CV study in terms of
reducing the uncertainty in the damage cost
estimate to recreational fishing.
References
Bergland, O., K. Magnussen and S. Navrud 2002: In:
Comparative Environmental Economic Assessment.
Edward Elgar Publishing, UK.
Ready, R. and S. Navrud 2006: International Benefits
Transfer: Methods and Validity Tests. Ecological
Economics 60(2), 429-434.

Mean recreational value per fishing day (mean
no. of days/year)
• VT from CV survey in River V. in 1987:
244 NOK (13 days/year)
• CV survey in River V in 2015:
437 NOK (6 days/year)
Annual damage cost (i.e. loss in recreational value)
if the river is closed to recreational fishing;

FROM

River Vikedal. Photo Brit Salbu
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UMBRELLA SUMMARY REPORTS
UMBRELLA 1 - PARTICLE SOURCES AND
EFFECTS
Ole Christian Lind (NMBU)
The goal of Umbrella 1 is to characterize nm-mm
radioactive particles released from different
sources under different release scenarios with
respect to activity concentrations, isotopic ratios,
size distribution, shape, morphology, crystalline
structures and oxidation states of matrix elements,
and to use such information to better determine the
potential implication for air/water dispersal,
further environmental transfer and biological
impact through development of integrated models.
Research priorities for 2015 have focused on four
main areas:
1) Characterization of radioactive particles from
different sources and sites;
2) Particle remobilization, transformation and
biological uptake (including nanoparticles);
3) Modelling of atmospheric and marine dispersion
4) Dosimetry
During 2015, substantial progress has been made
and results from particle characterization,
nanoparticle bioavailability, and modelling have
been presented in the highlights. Soil, sediment and
biota samples from the Chernobyl cooling pond,
Fukushima, Palomares, Irish Sea, Fen and Søve have
been screened for heterogeneous distributions and
isolated particles have been characterized.
Surprisingly, no particles could be isolated from
Savannah River samples although spatial
distributions were heterogeneous. Several of the
particles will be subjected to further nano- and
micro-analytical techniques including synchrotron
experiments as well as leaching experiments to
assess their weathering rates and potential
bioavailability and to link this information to source
terms.

An important part of the work is analysis of
concentrations and atom ratios of radionuclides for
source identification purposes. Therefore a new
method for Pu analysis using the Agilent 8800 QQQICPMS has been developed. The method was also
used to analyze sediment samples from the
Savannah River site and the Irish Sea. The results
show substantial changes in 240Pu/239Pu atom
ratios over time reflecting changes in production
and releases over time. Isotopic fingerprinting by
means of Accelerator Mass Spectrometry on air
filter samples was also applied in combination with
air dispersal modelling of fallout particles and
improved weather data to determine the origin and
transport route of a radioactive cloud from a
detonation at Semipalatinsk Test Site that reached
Norway in November 1962.
Dosimetry is an Umbrella 1 task and the purchase
and implementation of the new InLight/MicroStar
dosimetry system from Landauer has facilitated
setting up and monitoring experiments at the UVgamma irradiation facility FIGARO as well as being
very useful in our wildlife dosimetry programme on
moose, reindeer and bear.
UMBRELLA 2: “DYNAMIC TRANSFER: KD F(T) –
TF/BCF F(T) (AND EXPOSURE, UV)”
Justin Brown (NRPA), Hans-Christian Teien (NMBU)
Umbrella 2 directly addresses concerns linked to
the over-reliance on empirical ratios such as
distribution coefficients: Kds, and concentration
ratios and transfer coefficients in impact
assessments. These approaches offer great utility in
screening assessments and under equilibrium
conditions, they do not capture the dynamics of
many environmental contamination situations, nor
do they provide any insight to the underlying
mechanisms influencing transfer. Moreover,
detailed information on radionuclide speciation or
the influence of environmental physical-chemical
conditions and dynamics is essential, but is seldom
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included in these approaches, or the influence of
other contaminants and UV.
Priority research areas in 2015 include:
1) Quantifying the effects of radionuclide
speciation on dynamic uptake under controlled
laboratory conditions
2) Characterizing the transfer of radionuclides
under field conditions, identifying factors
(physicochemical, biological etc) that influence
the dynamics of transfer
(3) Developing models which describe the dynamics
of transfer within ecosystems, and and accounting
for the findings in (1) and (2).
Substantial progress has been made in 2015 within
Umbrella 2. Developmental work has continued in
relation to kinetic models that may be used to
provide information on levels of radionuclides with
time in plants and animals in cases where
environmental concentrations are changing rapidly.
This modelling work has been supported by
experiments in the laboratory and collation of data
from the field. For example, experimental studies
have been completed looking at uranium speciation,
uptake and toxicity in Atlantic salmon juveniles
emphasising the importance of pH on toxicity (see
research highlights). Other studies have focussed on

alum shale and the requirement to focus on
elements of interest by performing screening test
and thereafter to characterise bioavailability and
uptake to key organs. Results from a study
characterising elemental transfer at a reference site
at Tjøtta have now been written up and promising
studies regarding the modelling of internal body
burdens of Cs-137 in reindeer located in
Jotunheimen have been initiated.
UMBRELLA 3 RADIOSENSITIVITY
Dag Anders Brede CERAD/IMV (NMBU)
Umbrella 3 aims to conduct systematic comparison
of biological effects of low dose rate gamma
radiation on model species, and to identify the
cellular processes and underlying mechanisms that
contribute to radiosensitivity. Although differences
in radiosensitivity are assumed to be a function of
the biology of the individual species, the reasons for
this are not well established at the cellular level.
Accumulating evidence indicates that oxidative
stress is an important effector, and our main
hypothesis is that an organisms capacity to mitigate
oxidative stress and thus maintain the essential
enzyme functions, determines its ability to repair
damage inflicted on essential macromolecules like
DNA (Figure 1).

Figure 1. Model for studying interaction between ROS formation/oxidative stress and genotoxicity, using genomics tool to elucidate molecular
processes involved in radiosensitivity
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Research priorities in 2015 have focused on
• Development of the CERAD biological toolbox
• Comparisons of radiation effects across
experimental
test
organisms
(zebrafish,
Chlamydomonas reinhardtii, Daphnia magna,
Atlantic salmon, C. elegans, arabidopsis, pine,
mice, earthworms)
In collaboration with UMB5, significant progress
has been made on toolbox development within
epigenomics - histone post translational
modifications
(PTMs)
and
chromatin
immunoprecipitation (ChIP) analysis. With

methods being in place or underdevelopment for
zebrafish, mice, daphnia and salmon.
During 2015, experiments have been carried out at
Figaro on ten model species, all of which have been
exposed to gamma radiation at the 60Co source at
Figaro, NMBU. These experiments have been
conducted using a set of standard comparable dose
rates, and biological endpoints. The current status
of these projects is presented in figure 2. Reports
from the individual projects are presented
elsewhere. In addition, two workshops on
Genotoxicity and ROS analysis were arranged by
NIPH and NIVA, respectively

Figure 2 Outline of the selected model species and biological effects endpoints. Blue boxes indicates endpoints finalized before 2015, red
boxes show experiments conducted in 2015 (status Dec 2015). *Mice results are based on a single dose rate. Experiments with multiple
dose rates are scheduled for 2016.

UMBRELLA 4: COMBINED TOXICITY AND
CUMULATIVE RISK
Knut-Erik Tollefsen (NIVA)
The main aims of umbrella 4 are is to investigate
how simultaneous exposure to multiple stressors
may give rise to combined toxicity in order to
provide better cumulative risk assessments of
multiple stressors.
Knowledge about how multiple stressors interact
at the molecular, cellular, and tissue level and how

such changes are propagated to higher levels of
organisation (e.g. at the individual and
population) is considered key to understanding
how combinations of different stressors cause
combined toxicity. Umbrella area 4 activities in
2015 specifically addressed the following
research priorities:
• Development and implementation of models for
combined toxicity and cumulative risk
assessment of multiple stressors
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• Experiments with relevant stressors
endpoints (exposure/effects) in selected
organisms.
• Prospective/retrospective hazard and
assessment
to
improve
national
international regulatory practice.

and
test
risk
and

The work in 2015 has focussed on assessing the role
of selenium on the biological effects of ionizing
radiation (gamma) in mice (FHI), determining
interactions between gill uptake of Cd and U in
Atlantic
salmon
(IMV-NMBU),
deciphering
molecular and functional interactions between
gamma and U in Atlantic salmon (NIVA/IMVNMBU), assessing combined toxicity with gamma, U,
Cd, As in the nematode C. elegans (IMV-NMBU),
determining combined toxicity of produced water
components (NORM/organics) in the copepod C.
finmarchicus (NRPA), and assessing multiple
stressor effects in the algae C. reinhardtii and the
cladocera D. magna (NIVA). A specific project has
refined cumulative risk assessment aproaches for
multiple stressors and demonstrated utility in the
assessment of cumulative risk of NORM, metals and
organics from the decomissioning of oil production
platforms at Vats (Norway). The work in UMB4 is
presently developing well and activities in 2016 are
expected to follow similar lines of activity as that of
2015.
UMBRELLA 5: TRANSGENERATIONAL EFFECTS REPRODUCTIVE AND EPIGENETICS
Ann-Karin Olsen (NIPH)
The main aim in Umbrella 5 is to on
transgenerational hereditary, reproductive and
epigenetic effects of exposure to ionsing radiation.
The key research for 2014 and 2015 were as
follows:
• Focus on a few selected RAP/model organisms
(e.g., mouse, zebrafish, C. elegans, earthworm,
Daphnia, Arabidopsis, Norwegian spruce) best
fit (radiosensitivity, general basic knowledge,

etc) in deeper and more resource demanding
studies.
• Investigate responses (endpoints such as
demographic, reproduction, behaviour, DNA
damage and mutagenesis, gene expression)
following a given exposure with reasonable
comparative potential for the selected test
organisms.
• Focus on potential endpoint mechanisms for
transgenerational (2-4 generations) effects (e.g.
epigenetics/epigenomics): DNA methylation,
histone modifications and ncRNA
Umbrella 5 activities during 2015 have focused on
two model organisms, mice and zebrafish, with
integrative investigations valuable for cross-species
comparisons. Both effects of direct exposures and
on transgenerational effects have been studied in
both zebrafish and mice. Exposures have ranged
from low to higher dose rates and focus has been on
paternal exposure (mice), and sensitive life stages
such as gametogenesis/spermatogenesis (mice and
zebrafish)
and
embryogenesis
(zebrafish).
Endpoints investigated have included most of those
mentioned in the SRA; ranging from reproduction
and genotoxicity to behavioral effects in both
species, as well as epigenetic changes with
experiments investigating both DAN methylation,
histone modifications and ncRNA . The results
obtained give important input with respect to risk
assessment issues as well as underpinning
molecular mechanisms of action. The work progress
holds high promise for obtaining excellent and
comprehensive results with high novelty value.
Moreover the work demonstrates a high degree of
cooperation between CERAD-partners. The work
will proceed along similar lines in the next period
where new experiments and projects will
complement and fill into lines of investigation to
fulfil SRA priorities and roadmap.
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UMBRELLA 6: ECOSYSTEM APPROACH
Alicja Jaworska (NRPA)
An ecosystem approach (EA) is a holistic strategy
that integrates radiation risks with other ecological
risks and uses both radio-toxicological and
ecological knowledge. The ecosystem approach
umbrella was first established in 2015. The first goal
for the umbrella was to evaluate the consequences
of ionizing radiation on non-human biota at the
community and ecosystem level, and compare these
to the effects observed at the organism level. This
goal has been achieved through sub-projects
addressing the following priorities for 2015:
•

•
•

Review and development of experimental
design for micro-/mesocosms (terrestrial and
aquatic)
Going from lab to field: Field sampling protocols
Extrapolation issues: phylogeny.

The main research focus in 2015 has been a
systematic review of micro- and mesocosms that
were used in ecology in order to identify
experimental design of cosms that will be feasible
for studies of chronic low dose irradiation and

contamination. Experimental protocols have been
identified for both aquatic and terrestrical cosms,
and freshwater microcosm studies are planned to
be performed in 2016. Field sampling protocols and
phylogeny carry on from projects started in 2014,
and progress has been made on soil invertebrate
barcoding and phylogeny approaches linked to
marine species. UMB6 collaborates closely with the
International Union of Radioecology (IUR) that have
worked with EA related issues for some time (1).
The joint IUR - CERAD ecosystem group was
established in February 2015 on the IUR-CERAD
workshop at NRPA, and CERAD members attended
the ecosystem approach workshop in Miami.
Finally, the group has looked into options for
ecosystem approach relevant field studies in
Norway. Several pilot visits have been undertaken
at the Fen thorium rich site, and localities chosen for
future studies. Preliminary measurements of
gamma-dose rates, radon isotopes abundance, pH
and moisture have been performed at these
localities. Figure 1 shows the present and planned
activities in EA umbrella in 2015-2017.

Figure 1: Ecosystem Approach umbrella activities in 2015-2017
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sensitive patients in a project together with NAPOS,
Helse Vest.

UMBRELLA 7: UV-IONIZING RADIATION,
DOSIMETRY AND COMBINED EFFECTS
Terje Christensen (NRPA)
The main research question and hypothesis for
Umbrella 7 is that UV-induced alterations in a
biological system occur, and they may interact with
effects of ionizing radiation. Interactions can be
additive, synergistic or antagonistic and may also be
influenced by tertiary stressors like pollutants
(metals, organics) and climate change (e.g.
temperature and acidification.
The key priorities for Umbrella 7 in 2015 have been:
have been divided into three main parts in 2015:
• Developing a climate chamber for UV and
gamma exposure experiments
• Studies of interactions between ionizing
radiation and UV radiation
• UV-map and combined dosimetry.
Participation from umbrella 7 has been essential in
the planning of the climate exposure chambers to be
used in Figaro by various umbrella projects, and
these were ready for testing at the end of 2015.
Studies of interactions between UV and ionizing
radiation have covered two cell lines, one human
and one from zebrafish, regarding radiosensitivity
modifications as a function of the sequence of
exposure to UV and x-rays. Effects on several
endpoints in the toolbox as well as the interaction
with antioxidants have been studied. The UVsensitivity of early zebrafish embryos has been
investigated and differences between UVA and UVB
have been tested applying demographic and
behavioral endpoints. Work on dosimetry has been
performed, with the aim to characterize absorbed
energy in organisms. As part of the UV-map project,
modelling of optical radiation has been carried out
in order to find variation in UV and light in natural
surroundings. This work will be compared with
transport models for radioactive pollution. Finally,
the use of data from the national UV-network has
been used to estimate light tolerance of light

UMBRELLA 8 - CASE STUDIES: POTENTIAL
NUCLEAR ACCIDENTS AND DEPOSITION IN
NORWAY
Ole Christian Lind (NMBU)
Umbrella 8a (Sources in the UK) and 8b (Sources in
the Arctic) are integrating projects using case
studies and involving all the CERAD research groups
to cover all aspects of risk assessment from sources
via transfer, exposure and biological effects of
radionuclides to consequences on health,
environment, society, economy and ethics. The
overall goal is to reduce the uncertainties in the risk
assessment work.
There has been a lot of activities in Umbrella 8a and
8b in 2015. The model and uncertainty group have
submitted their report pointing out key factors to
address in order to reduce uncertainties. They
found that it is crucial to replace constants with
dynamic functions and to obtain information on
local parameters through field work, lab
experiments and stakeholder involvement. Thus,
field work have been carried out in the Vikedal
catchment area as well as at farms in several
municipalities in Rogaland. Analyses of both
relevant radionuclides and stable element
analogous are ongoing and the data will feed into
the model development work in 2016. To obtain
important information on bioproduction, industries
and sensitive activities such as tourism, regional
and local authorities were involved through
separate meetings, field visits and stakeholder
seminars in Rogaland.
Based on the results of air dispersal simulations
using the SNAP model and real weather data for a
30 years period, the statistical probability of arrival
of fallout from a hypothetical accident at Sellafield
in the UK was estimated to 25-40 % and the
transport times are short. A similar study for a
hypothetical accident with K-27 in Gremikha
showed that the probability of arrival of a
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radioactive cloud from a worst case scenario
accident is significant for the northern part of
Norway (15-25 %), whereas it is relatively low for
southern Norway (<3 %).

Development of marine dispersal models utilizing a
large database of observations show that close to a
source, a better agreement with observed values is
obtained when the model is forced with high
resolution spatial and temporal input data

TRACER EXPERIMENT STUDYING IODINE TO MILK
Within the RCN funded project “Optimal
concentration of iodine in feed and milk” 131I
tracer experiments with 4 fistulated cows
were performed to develop/refine a
biokinetic model for iodine in cow fed with
or without rapeseed. The work was
performed together with NMBU/IHA, and
the tracer was administrated either to the
vein or via rumen (Picture). So far, the results
show that the rapeseed in the diet
significantly reduced transfer of 131I from
blood to milk, in accordance with previously
findings (Haug et al, ) where the I level in
milk (2008) had decreased about 50 % due
to the change in diet, being essential for
preparedness purposes and for the heath
status of the public.

Reference:
Haug, A., Taugbøl, O., Prestløkken, E., Salbu,
B., Schei, I., Harstad, O.M. (2012) Acta Agri.
Scan. Sci.A, 62.3. 127-134.

Professor Knut Hove, NMBU/IHA, is preparing the tracer for injection, and about 18 scientists, PhDs and
engineers from IMV, IHA and the Centre of animal research contributed to the experiment.
Photo: Marit N. Pettersen
.
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NATIONAL, BILATERAL AND INTERNATIONAL COLLABORATION
In 2015, CERAD has continued and expanded the
national, bilateral and international collaboration.
National collaboration within the Fram Center,
Trømsø, where NMBU, NRPA and NIVA are
members has continued, resulting in a FRAM funded
project where NORM and metals in connection with
mining activity are studied.
Norwegian-Russian collaboration remains an
important focus for several CERAD partners. The
NRPA administers the subsidy funds for the Nuclear
Action Plan where initiatives for nuclear safety have
helped to reduce the risk of nuclear accidents and
radioactive contamination in the Northwest Russia.
Bilateral collaboration extends to regulatory
support and to research based projects at the Mayak
Production Association in the Urals covering
themes as diverse as internal human dosimtery and
radiological impacts on freshwater ecosystem. A
fruitful working arrangement continues as
evidenced by recent achievements. In 2014,
Norwegian experts including partners from CERAD,
completed a successful expedition in collaboration
with Russian partners to the sunken submarine K159 in the Barents Sea. During 2015, radionuclides
and trace elements have been determined in
samples from the K-159 expedition. An EU-funded
project concerning the preparation and feasibility
testing of an action plan on safe and secure
management/disposal of dumped and sunken
radioactive objects in the Arctic was also launched
at the end of 2015 with CERAD member
participation.
International collaboration in 2015 includes the
CERAD international network (SAC), participation
within EU projects and platforms, and collaboration
and representation in international bodies such as
IAEA, ICRP and the International Union of
Radioecology (IUR).
CERAD features prominently in Europe with
connections to the European Radioecology Alliance
(www.er-alliance.org) that have been established

between the radiation protection organisations in
Europe to pool knowledge and research efforts and
to train new experts in the field of radioecology.
Within radioecology, CERAD is partner in the EU
STAR, COMET and COMET/RATE projects. Indeed,
NMBU now runs the only European MSc in
radioecology and collaboration with universities in
France, Russia, Ukraine and Japan are initiated
(MoU). CERAD is also a partner in projects
associated with radiochemistry (CINCH-II),
radiobiology
(DoReMi)
and
emergency
preparedness (Prepare). CERAD members also
collaborate on the Open Project for the European
Radiation Research Area (OPERRA), are members of
the NERIS European Platform on Preparedness for
Nuclear and Radiological Emergency Response and
Recovery (www.eu-neris.net), and are partners in
the European Joint Programming CONCERT.

IUR and NRPA/CERAD organized the “ Consensus
Symposium on the ecological effects of radiation on
population and ecosystems “ in November, Miami,
USA. Photo: Brit Salbu
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CERAD has been involved in UNSCEAR, in the
assessment of the consequences of the accident on
the environment, where development of the ERICA
tool by incorporating kinetic modelling has allowed
for a more dynamic appraisal of the effects from the
Fukushima-Daiichi nuclear power plant accident. As
a follow up, CERAD members have provided input
to a White paper that provides a review of recent
published literature allowing UNSCEAR to keep
abreast of new developments related to the
accident. CERAD MG is also represented on two
ICRP committees, and the research director chairs
the task group on ethics. CERAD members have also
participated in three ICRP co-expertise dialogues in
Fukushima and one final international workshop on
the ICRP dialog initiative. Furthermore, CERAD
works together with the IUR in the development of
an Ecosystem Based Approach in radioecological
assessment. In this regard, a workshop was held in
Florida in November 2015 in order to discuss issues

related to assessment of radiation impacts in the
environment and to build consensus where
possible.
CERAD is also heavily involved in the new IAEA
Coordinated Research Project on Environmental
Behaviour and Potential Biological Impact of
Radioactive Particles (2013-2016), where the
director of CERAD acts as chair. CERAD members
are also involved in other IAEA activities; revision of
technical safety guides, and co-ordinating work on
the societal consequences of Fukushima for the
IAEA Comprehensive Report.
CERAD/NMBU has been involved in NATO Science
for Peace and Security programs for many years. As
a follow up, CERAD is currently involved in projects
related to Central Asia.

The IAEA RCM meeting on radioactive particles (CRP) in Vienna, 2015. The meeting was chaired by the
CERAD director. Photo: Brit Salbu
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ACCESS TO EXPERIMENTAL FACILITIES AND TOOLS
A CLEAR VISION FOR THE SCIENTIFIC OUTPUT
FROM CERAD COE IS TO PROVIDE:
• Novelties: major progress at the interface between
disciplines
• New concepts: integrated concept for man and the
environment,
integrated
concept
for
contaminants, integrated concept ionizing and UV
radiation, and explore an effect unit non-human
organisms
• Cutting edge: combination of advanced tools from
other disciplines
• Dynamic models: time and climate depended
variables

(Fig. 1). The chambers containing test organisms
can be split into test and control compartments.
Dimmers with timer functions enable manual
adjustment of the irradiance levels, and on/off
operation for simulated lighting conditions. A
regulator with diurnal cycling functions ensures
control of humidity and temperature. The spacious
compartments enable installation of moderate size,
portable lamp units used at the participating
institution’s laboratories for non-gamma stressor
studies and optimization of experiment protocols
before deployment at the gamma facility.

To meet these scientific outputs, the CERAD CoE has
the possibility to perform cutting edge research due
to access to unique experimental facilities and tools,
both within CERAD and partner institutions and
also internationally. Below the experimental
facilities and tools are listed in short.
THE NMBU LOW DOSE GAMMA RADIATION
EXPOSURE FACILITY (FIGARO)
The gamma irradiation source at CERAD/NMBU is
the only one of its kind and provides a continuous
dose rate field from 3 Gy/hr down to 400 μGy/hr,
and allows simultaneous, chronic exposure of
samples over the whole dose-rate field. The facility
was opened in 2003, and upgraded in 2012. The
facility is utilized for a series of chronic exposure
experiments (including combined gamma and
multiple stressor studies) on various organisms.
CLIMATE CHAMBERS FOR COMBINED UV AND
GAMMMA EXPOSURE
Two climate chambers have been constructed
where organisms can be exposed to gamma
radiation in combination with realistic levels of UV
radiation (A and B), light, temperature and humidity

Figure 1: Measurement apparatus inside the climate
chamber. Photo: Bjørn Johnsen
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CERAD ACTS AS NODE TO THE IMAGE CENTRE
AT NMBU
The Imaging Centre Campus Ås is aiming at a stateof-the-art status within microscopy (ESEM-EDX,
TEM, confocal laser SEM, light microscopy, live cell
imaging and spectroscopy (x-ray, RAMAN micro
imaging) etc. Within the roadmap, CERAD acts as an
important node with respect to competence and
instrumentation
(stereo
microscope
with
micromanipulation, micro-XRF, micro-XRD).

distributions, µ-XRD - structure, µ-XANES –
oxidation state) utilized for particle research at
facilities such as PETRA, Germany, ESRF, France
have been developed by NMBU, University Antwerp
and the beamline scientists.
The cooperation with Australian National
University and University of Seville allows access to
Accelerator Mass Spectrometry (AMS) for
determination of low level elements, long-lived
radionuclides and isotope ratios.
FISH EXPERIMENTAL FACILITIES - TRANSFER
AND EFFECTS EXPERIMENTS ON FISH - BOTH
FRESHWATER AND MARINE FISH SPECIES

SPECIATION AND FRACTIONATION
TECHNIQUES
In situ fractionation systems such as hollow fibres
and tangential flow systems are available at NMBU
Isotope Laboratory, and these are used in field
expeditions all over the world where CERAD/NMBU
is involved. A FFF-ICP-MS system is utilized for
further speciation work at the laboratory together
with a HPLC-ICP-MS system.
RADIONUCLIDE AND ELEMENT
DETERMINATION
At NMBU Isotope Laboratory and NRPA
instrumentations and methods for determination of
both gamma- beta- and alpha emitting
radionuclides are available. At NMBU, three Agilent
8800 Triple Quadrupole ICP-MS (ICP-QQQ-MS)are
utilized for the determination of long-lived
radionuclides and a large range of elements,
including isotope ratios. At very low concentration
levels, AMS in Australia or Spain is utilized.
ACCESS TO EXTERNAL PLATFORMS SYNCHROTRON X-RAY RADIATION
FACILITIES/AMS
Based on many years of close collaboration with
scientists
nationally
and
internationally
CERAD/NMBU has access to and has utilized ESEMEDX, TEM, TOF-SIMS, nano-CT, synchrotron
radiation nano-and microscopic techniques. These
SR techniques (i.e., 2D/3D µ-XRF – elemental

At NMBU, the Fish laboratory facilities are renewed
and located in the newly built Centre for animal
research at Ås. This comprises a specifically
designed laboratory for using radionuclides in
experiments with aquatic organisms including fish.
The laboratory includes a temperature controlled
room with logging system for water variables; pH,
temperature and oxygen. The facility is so far
limited to batch/flow through experiments, but
with large flexibility to use different fish species, life
stages and different types of freshwaters (both
naturally and synthetic). Facilities to perform
experiments of different life stages of fish are
available, e.g., the early life stages releated to the
period from fertilisation of egg until hatching and
swim up stage, start feeding, juvenile and adult fish.
Experimental facilities and availability of a large
range of marine species to perform exposure
studies with radionuclides are available at NIVA
Solbergstrand marine research station.
Thus, the combination of experiments on different
fish species, at different life stages in different types
of water with the use of advanced analytical
techniques will allow different controlled test
experiments to obtain information on the
bioavailability, uptake and toxic effects of different
radionuclides and to evaluate the sensitivity of
different fish species as well as , the sensitivity of
different life stages.
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ZEBRAFISH PLATFORM – TRANSFER AND
EFFECT STUDIES ON ZEBRAFISH

GREENHOUSES/PLANT UPTAKE AND EFFECT
EXPERIMENTS (PHYTOTRON)

The
Norwegian
Zebrafish
Platform
(http://zebrafish.no)
was
established
at
NMBU/NVH in October 2007 as a FUGE Technology
Platform (RCN #183344) and consists of a medium
size zebrafish facility (AZLab) with a capacity of
10,000 fish, having a high operational quality
standard with accreditation from AAALAC. The
Platform coordinates the Zebrafish Network
Norway (ZNN) and has organized an annual
international ZNN Conference combined with a PhD
course. The AZLab has participated for several years
in a research program focused on microgravity
effects on biological functions. The Zebrafish
Platform organized the European Zebrafish Meeting
2015
with
about
800
participants
(www.zebrafish2015.org).

At the Centre for Plant Research in Controlled
Climate (SKP) at NMBU, the greenhouse
compartment includes an isotope laboratory and
growth chambers are available on a rental basis.
This enables plant experiments under controlled
conditions. The CERAD-funded prototype climate
chamber to be utilized for UV and gamma exposure
(at Figaro) has been constructed, and mixed
exposure experiments are ongoing.

MOUSE PLATFORM –TRANSFER AND EFFECT
STUDIES ON MICE
NIPH comprises an animal facility which has been
extensively used by The Department of Chemicals
and Radiation (MIKS, partner in CERAD) for in vivo
investigations of responses to chemicals and X-ray
radiation in mice and other rodents for many years.
The conjunction of the animal facility at NIPH with
the low dose gamma radiation facility at
CERAD/NMBU enables studies of biological effects
of low to medium dose rate/low doses of gamma
radiation, alone, or in combination with other
stressors. Mice from the NIPH-facility have been
transported to the low dose gamma radiation
facility for exposure, after which mice have been
terminated. Biological material have been prepared
for endpoint analyses at the CERAD/NMBU gamma
facility, or the mice have returned to NIPH for
endpoint analyses. The basic infrastructure
including lab benches, refrigerators, freezers,
centrifuges etc are available at CERAD/NMBU.

THE BIOLOGICAL EFFECTS TOOLBOX
The CERAD consortium has established a toolbox
for systematic interspecies comparison of harmful
effects of low dose rate chronic gamma radiation as
part of Umbrella 3. The aim is to investigate the
apparent differences in radiosensitivity and to
identify mechanisms at the molecular level that
determine susceptibility to gamma radiation.
The toolbox focuses on selected model species
including mammals, fish, invertebrates and plants
(Fig. 2). The toolbox includes standardized
experimental designs and protocols with a common
set of biological effects endpoints. To ensure
comparable exposure scenarios, standardized
dosimetry and a core set of dose rates are employed
for all model species. Additional dose rates are
customized for each model species to establish a
dose-response relationship.
The endpoints have been selected to address impact
on ecological function of the model species, and to
identify molecular responses to unveil harmful
effects and protective response mechanisms. By
means of bioinformatics and statistics the inter
species comparison of molecular effects using EC10
will be conducted to identify common
denominators of damage or activation of defense
mechanisms, which could lead to identification of
new radiosensitivity determinants or biomarkers of
adverse outcome.
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The toolbox has been designed to serve as a
framework for investigation of combined stressor
scenarios including radionuclides, toxic metals and
UV.
AVAILABLE TEST ORGANISMS
Aquatic organisms: Zebrafish, salmonids and a suite
of crustaceans, algae and plants to perform
multigenerational studies.

Terrestrial: Earthworm (E. fetida), C. elegans. Mouse
lines relevant as experimental models for effects of
radiation on humans, with deficiencies in DNA
repair pathways and/or carrying reporter genes for
mutation assessments are available at NIPH.
Many of the test organisms are included in the ICRP
reference animals and plants list, and, thus, relevant
to radiation research.

Plants: e.g., Arabidopsis thaliana, Lemna, Norwegian
spruce/pine.

Figure 2. Outline of the Biological effects toolbox - Test organisms available: Salmon (from egg to juvenile), zebrafish, daphnia, nematode
(C. elegans). Figure by Dag Brede
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MODELS
Advanced air/marine transport models and real
time/historic/future prognostic meteorological
data are further developed by MET and NRPA.
Ecosystem transport models (NIVA, NRPA),
advanced models on dosimetry (NRPA), human
food chain and wild life food chain models (NRPA)
as well as models for impact and risk assessment
including the ERICA assessment tool (NRPA, NMBU)
and contemporary economic models (NMBU) are
available.
All models will be further developed as process
understanding and parameterizations improve and
more site specific data become available. In
addition, models will be linked (UMB8) to represent
the chain between source and release conditions to
impact and risk. Furthermore, sensitivity analysis
will be applied to identify factors contributing the
most to the overall unceratinties. Mechanistic
models related to high and low LET radiation will be
combined with UV, to evaluate biological radiation
effects for organisms (NRPA).

monitoring stations in Norway. Monitoring data of
both gamma radiation and UV is available on-line,
real time. Based on almost 20 years of monitoring
data and a widely used radioactivity transfer model,
NRPA in cooperation with met.no is currently
exploring the possibilities of predicting surface UV
for locations of interest for CERAD. Variables like
snow-cover, altitude, time of day, thickness of the
ozone layer etc. will be included as input variables
in the models.
OTHER UV-A AND UV-B EXPOSURE
UV-A and UV-B are examined separately and in
combination at the NRPA UV lab, at NMBU/NVH, at
NIVA and in the phytotron at NMBU/Ås.
Furthermore, optical radiometers for the
monitoring of source stability and total exposure
are available at NRPA and at NMBU. These can be
used in laboratory experiments. Other monitoring
setup for field use will be explored.

IN SITU GAMMA AND UV MEASUREMENT
STATIONS
NRPA in cooperation with the Norwegian
Environment Agency/NILU is responsible for nine

Field visit to Pu contaminated sites at Palomaris, Spain. Photo: Brit Salbu
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Apple blooming in Hardanger. Photo: Signe Dahl
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FIELD STUDIES AND EXPEDITIONS
A fundamental aspect of CERAD is that the research is
based on a combination of model experiments,
mechanistic studies and laboratory and field studies.
Every year there are a number of expeditions and
fieldwork performed. In 2015, the following
fieldwork/field visits were achieved:
1. Fieldvisit concerning Accidental Releases in 2015:
May: Palomares, Spain, several sites in and around
the village contaminated by plutonium and
uranium containing particles originating from the
explosive fire involving thermonuclear devices as
a result of the nuclear weapon accident in 1966.
June: Several accidental and routine discharges
have occurred at Atomic Energy Canada Limiteds
nuclear facility at Chalk River, Ontario, Canada.
2. Field visit concerning nuclear test sites:
September: In Semipalatinsk Test site, northeastern Kazakhstan, a total of 456 nuclear weapon
tests were conducted during 1949 to 1989.
3. Fieldwork in NORM sites in 2015:
June: The Fen area with high levels of Th was
visited for soil samling.
June and September: The Hadeland alum shale
areas, with elevated levels of U and other stressors
(As, Cd, etc) due to road construction were visited
several times for sampling of waters, sediments
and biota in collaboration with NORWAT project
August: Field work in old mining sites in
Bleikvassli, Mo i Rana were performed in
collaboration with FRAM centre project.
June: Site visit to mining sites in Sudbury, Canada,
with elevated U and metal concentrations.
4. Case studies
September: Fieldwork in Vikedal, a potential
affected western Norway county, as part of the
Umbrella 8 case study on scenario Sellafield, UK.
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Senior Engineer Lene Valle performing in-situ
fractionation of water at Bleikvassli, Mo i Rana to
study the speciation of possible elevated levels of
U and other stressors (As, Cd etc).
Photo: Lindis Skipperud

CERAD EDUCATION PROGRAM
An essential ingredient in CERAD is researcher
training and education (MSc, PhD) to provide an
internationally attractive research environment,
and to produce candidates that are internationally
competitive within radioecology and ecotoxicology.
The EU supported MSc in Radioecology is unique in
Europe, forming a useful recruitment base for PhD
education. All courses are given in English and most
courses are run intensively to make access possible
for students from all over Europe.
The ultimate aim of the education and training parts
of CERAD is to ensure a sustainable workforce in
radioecology. To do this we are dependent on
interactions with the wider radioecology
community, through outreach out to students,
teachers, employers and employees, and other
stakeholders outside of our networks. Since
radioecology is a multidisciplinary science, students
on MSc or PhD projects in radioecology have a wide
range of future carrier opportunities, and one of our
goals is to put students in contact with potential
employers and research projects, as well as to
ensure that training and education in radioecology
meets the needs of those employers.
The MSc and PhD education at NMBU and
collaborating universities is programmes given to
provide the European nuclear stakeholders their
future workforce. Of particular concern to the
stakeholders (EU Commission, authorities, industry
and professionals) are the significant and persistent
needs for post-graduates with skills in
radiochemistry,
radioecology,
environmental
modelling,
radiation
protection
including
radiobiology and dosimetry.
Memorandum of Understanding (MoU) has been
signed between NMBU and University Aix-Marseille,
France, and Moscow State University, Russia.
Further in 2015, MoU with National University of
Life and Environmental Sciences of Ukraine and
University of Fukushima has been signed and MoU
with Chalk River, Canada, is to be signed. Within the

CINCH-II project, MoUs or Letter of intent (LoI) and
ERASMUS+ Inter-institutional agreement 2014-21
has been signed with all participating universities in
2015: Czech Technical University in Prague (CTU,
Czech Republic), Chalmers University of Technology
(CHALMERS, Sweden), University of Helsinki (UH,
Finland), Loughborough University (LU, United
Kingdom), University of Leeds (UNIVLEEDS, United
Kingdom), University of Oslo (UiO, Norway).
EUROPEAN MSC PROGRAM IN RADIOECOLOGY
The only MSc in Radioecology in Europe has been
established at NMBU. Students from within Europe
and outside have attended individual course
modules or the whole MSc program. Expert teachers
are also from institutions from different countries in
Europe and in North America.
In short, the EU MSc in Radioecology is a tailored
two year, Bologna accredited (120 ECTS) MSc
programme consisting of obligatory and voluntary
stand-alone course modules, with expert teachers
from national and international institutions. At
present the MSc is hosted at the NMBU. But, as for
any EU MSc, students are free to obtain credits by
taking ECTS accredited courses at other institutions
and at collaborating universities.
Within CERAD, the focuses on the MSc programs are
towards
radioecology,
radiochemistry
and
ecotoxicology. The courses are implemented in
large European projects due to the fact that NMBU
holds the only EU MSc in Radioecology. The main
courses within CERAD are listed in the table below.
Already today some courses in the MSc in
Radioecology are linked to other EU education and
training initiatives such as COMET (Radioecology),
CINCH-II (Nuclear chemistry) and DoReMi
(Radiobiology). Attending the courses included in
these platforms can further expand the list of
possible courses the students can attend as part of
their degree. This enables a more cost effective use
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of the resources already invested in on-going
courses and facilities in Europe.
In 2015, CERAD also arranged in collaboration with
the home institutions:
1) Field course “Course on naturally occuring
radioaktive material (norm) in the environment” at
Silesian Centre for Environmental Radioactivity,
POLAND, 7th – 10th September 2015. The course
was organised by Silesian Centre for Environmental
Radioactivity and NMBU/CERAD in cooperation
with the EU project COMET.
2) Radiochemistry course “Second Spring school on
Radiochemical Analysis”, at Lomonosov Moscow
State University, Russia, 20th – 29rd April 2015. The
course was organised by Lomonosow Moscow State
University and NMBU/CERAD as part of a SiU
project collaboration Norway – Russia.
THE RADIOECOLOGY/ECOTOXICOLOGY
RESEARCH SCHOOL
The Radioecology Research School is an
international networking forum hosted by
CERAD/NMBU and Stockholm university (SU)
aimed primarily at PhD students in radioecology
and other relevant nuclear sciences. Most European
PhD students are expected to take some accredited
courses as part of their PhD training. These courses
are often relevant and attractive for professional
training as well. The research school is also open to
PhD students worldwide. Benefits for research
school students include priority to join CERAD and
associated project organized student and training
courses, and opportunities for PhD exchange visits
and work placements.
The PhD course in Environmental Radiobiology
(MINA 410) is a 5 ECTS course, and is part of the
international Radioecology Research School and
aims to give students an overview of the
fundamental principles of radiobiology, but within
the context of effects on non-human biota. The
course covers both the history and the state-of-theart of our knowledge on the biological effects of

radiation on humans, but concentrated specifically
on those issues and applications of most relevance
for other organisms.

RADIOECOLOGY EDUCATION AND TRAINING
PLATFORM
CERAD/NMBU courses are linked to several EU
projects and platforms. See the following websites
for more information:
Radioecology exchange:
https://wiki.ceh.ac.uk/display/radex/The+Radioe
cology+Exchange
CINCH Nuclear chemistry:
https://nucwik.wikispaces.com/
DoReMi training & education: http://www.doreminoe.net/training_and_education.html
Within the Radioecology Exchange webpage,
CERAD has been developing an education and
training platform (Fig 1), linking education in
different nuclear disiplines together. The ultimate
aim of the education and training platform is to
ensure a sustainable workforce in radioecology. To
do this we are dependent on interactions with the
wider radioecology community, through outreach
out to students, teachers, employers and employees,
and other stakeholders outside of our networks.
Since radioecology is a multidisciplinary science,
students on MSc or PhD projects in radioecology
have a wide range of future carrier opportunities,
and one of our goals is to put students in contact
with potential employers and research projects, as
well as to ensure that training and education in
radioecology meets the needs of those employers.
This platform holds a lot of different courses within
radioecology and ecotoxicology ranging from MSc
and PhD courses to workshops and professional
development. The Education and Training platform
is also responsible for running the Radioecology
PhD network.
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Figure 1. The Radioecology Exchange Education and training platform.

CERAD COURSES AVAILABLE WITHIN THE FIELDS OF RADIOCHEMISTRY / ENVIRONMENTAL RADIOACTIVITY /
ECOTOXICOLOGY
COURSE CODE
KJM350
KJM352
KJM351
KJM353
MINA310
KJM360
MINA410

TITLE
Radiation and
Radiochemistry
Radiation and
Radiation Protection
Experimental
Radioecology
Radioecology
Project Management
and Research Methods
Assessing Risk to Man
and Environment
Environmental
Radiobiology

ECTS
10
5
10
5
10
10
5

FMI309

Ecotoxicology

10

FMI310

Environmental Pollutants
and Ecotoxicology

15

COURSE SYLLABUS IN SHORT
http://www.nmbu.no/
search/courses/kjm350
http://www.nmbu.no/
search/courses/kjm352
http://www.nmbu.no/
search/courses/kjm351
http://www.nmbu.no/
search/courses/kjm353
http://www.nmbu.no/
search/courses/mina310
http://www.nmbu.no/
search/courses/kjm360
http://www.nmbu.no/
search/courses/mina410
http://www.nmbu.no/
search/courses/fmi309
http://www.nmbu.no/
search/courses/fmi310
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COURSE RESPONSIBLE
Lindis Skipperud
Lindis Skipperud
Ole Christian Lind
Ole Christian Lind
Lindis Skipperud
Deborah H. Oughton /
Per Strand
Deborah H. Oughton
Hans Christian Teien
Hans Christian Teien

Towel building, NMBU. Photo Signe Dahl
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CERAD FUNDING AND EXPENDITURES 2015
The account reflects a high level of activity in CERAD
for 2015.

contributions from partner institutions, mainly
personnel, amounted to MNOK 24.6 (47 %).

The project financing constitutes of funding from
the Research Council of Norway (RCN) and of a
substantial In kind contribution from all CERAD
institutions. In addition, several ongoing RCN (EU)
funded projects at NMBU/Isotope Laboratory are
included as a financial source for CERAD.

On the expenditure side, salaries amounted to
MNOK 32.8 (62 %). The sum includes overhead
covering indirect costs.
Equipment amounted to MNOK 2.9 (6 %), and other
running expenses to MNOK 16.9 (32 %).

The turnover for CERAD in the third operational
year is MNOK 52.8.

Due to delay in employment (PhD and PostDocs)
unused funds amount to MNOK 0.2. Unused funds in
2015 will be utilized in 2016.

The RCN direct contribution, the core funding, in
2015 was MNOK 17 (32 %). Other cash contributors
(MNOK 2.25) are the Norwegian University of Life
Sciences (NMBU) and The Norwegian Radiation
Protection Authority (NRPA). Other In kind

CERADs financial situation provides a solid
foundation for stable and flexible project
management and long term research in the years
ahead.

The old oak at NMBU, by sunrise. Photo Signe Dahl
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CERAD ECONOMY 2015
(NOK 1.000)

ACCOUNTS 2015

%

BUDGET 2015

BUDGET 2016

Revenues
RCN funding

17 000

32,2 %

17 000

16 000

NMBU funding

1 250

2,4 %

2 871

NRPA

1 000

1,9 %

1 000

Other RCN projects

3 651

6,9 %

1 392

1 000

International funds/public funds

2 344

4,4 %

2 000

Partners (in kind)

24 635

46,6 %

21 344

Unused funds from previous years

2 952

5,6 %

2 707

198

45 607

17 198

Total funding

52 832

EXPENDITURES
Salaries
FoU

32 765
0

62,3 %
0,0 %

29 869
50

Equipment

2 926

5,6 %

2 000

Seminars etc.

386

0,7 %

200

Other operational costs

16 557

31,5 %

16 195

Total expenditures

52 634

Unused Funds 2015 , cfr Note 1

48 314

0

198

SPECIFICATION OF PARTNERS IN KIND CONTRIBUTIONS:
NMBU

16 518

67,1 %

13 227

10 152

NRPA

3 845

15,6 %

3 845

3 960

NIPH

817

3,3 %

817

842

NIVA

1 596

6,5 %

1 596

1 644

Met

1 859

7,5 %

1 859

1 915

21 344

18 513

Total

24 635

Note 1: Unused Funds 2015 are due to delay in employment of PhD and Post Doc positions.
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ANNUAL CERAD CONFERENCE 2015
The annually CERAD conference was held at the
Norwegian Academy of Sciences and Letters in Oslo,
Norway February 9th – 10th 2015. The conference
attracted 65 of CERAD´s scientists, the Board, the
international Scientific Advisory Commettee (SAC)
and the Relevant Advisory Commettee (RAC).
The aim of this conference was to present the
focused research areas of CERAD, including the new

Umbrella research areas/priorities within CERAD,
and the ongoing and planned scientific work
including results so far. The detailed programme
can be found in Appendix C. The presentations
fuelled constructive discussions on priorities and
the way forward. All enjoyed the CERAD Houseband
concert prior to dinner.

Picture 1 Participants at the
CERAD conference, Norwegian
Academy of Science, February
2015
Picture 2 The “Hybris” band
Photos: Brit Salbu
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APPENDIX A RESEARCH AND COMMUNICATION OUTPUT 2015
SCIENTIFIC ARTICLES IN INTERNATIONAL JOURNALS
Alonzo, F., Hertel-Aas, T., Real, A., Lance, E., GarciaSanchez, L., Bradshaw, C., Vives i Batlle, J., Oughton,
D.H., Garnier-Laplace, J. (2016) “Population
modelling to compare chronic external radiotoxicity
between individual and population endpoints in
four taxonomic groups.” Journal of Environmnetal
Radioactivity (In press).
Bartnicki, J., Amundsen, I., Brown, J., Hosseini, A.,
Hov, Ø., Haakenstad, H., Klein, H., Lind, O.C., Salbu, B.,
Wendel, C.C.S. Ytre-Eide, M. (2015). "Atmospheric
transport of radioactive debris to Norway in case of
a hypothetical accident related to the recovery of
the Russian submarine K-27." Journal of
Environmental Radioactivity 151(2): 404-416.
Berg, V., Kraugerud, M., Nourizadeh-Lillabadi, R.,
Zerihun, A.M., Olsvik, P., Skåre, J.U., Aleström, P.,
Ropstad, E., Zimmer, K.E., Lyche, J.L. (2016).
“Endocrine effects of real life mixtures of pop in
experimental models and wild fish.” J Toks Environ
Health (In press).
Bernhard, G., Arola, A., Dahlback, A., Fioletov, V.,
Heikkilä, A., Johnsen, B., Koskela, T., Lakkala, K.,
Svendby, T.M., Tamminen, J. (2015). "Comparison of
OMI UV observations with ground based
measurements at high northern latitudes."
Atmospheric Chemistry and Physics 15(13): 73917412.
Bondar, Y.I., Nenashev, R.A., Kalinichenko, S.A.,
Marchenko, Y.D., Dowdall, M., Standring, W.J.F.,
Brown, J., Pettersen, M.N., Skipperud, L., Zabrotski,
V.N. (2015). "The distribution of 137Cs, 90Sr, and
241Am in waterbodies of different origins in the
belarusian part of chernobyl exclusion zone." Water,
Air and Soil Pollution 226(63).
Brede, D.A., Lind, O.C., Cagno, S., Janssens, K., Nuyts,
G., Vanmeerts, F., Pacureanu, A., Cloetens, P.,
Tachoueres, R., Salbu, B. (2015). “Nanoparticle

uptake in worms.” European Synchrotron Radiation
Facility, Information Office: 30-30.
Brown J.E., Alfonso, B., Avila, R., Beresford, N.A.,
Copplestone, D., Hosseini, A. (2016). “A new version
of the ERICA tool to facilitate impact assessments of
radioactivity on wild plants and animals.” Journal of
Environmental Radioactivity 153, 141-148.
Brunborg, G., Collins, A.R., Graupner, A., Gutzkow,
K.B., Olsen, A.-K. (2015). "Reference cells and ploidy
in the comet assay." Frontiers in Genetics 6: 6.
Goodson, W.H., Lowe, L., Carpenter, D.O., Gilbertson,
M., Ali, A.M., Salsamendi, A.L.d.C., Lasfar, A., Carnero,
A., Azqueta, A., Amedei, A., Charles, A.K., Collins, A.R.,
Ward, A., Salzberg, A.C., Colacci, A.M., Olsen, A.-K., et
al. (2015). "Assessing the carciogeneic potential of
low-dose exposures to chemical mixtures in the
environment: the challenge ahead." Carcinogenesis
36: S254-S296.
Graupner, A., Instanes, C., Andersen, J.M., BrandtKjelsen, A., Dertinger, S.D., Salbu, B., Brunborg, G., A.Olsen, K.H. (2015). "Genotoxic effects of twogenerational selenium deficiency in mouse somatic
and testicular cells." Mutagenesis 30(2): 217-225.
Graupner, A., Instanes, C., Dertinger, S.D., Andersen,
J.M., Lindeman, B., Rongved, T., Brunborg, G., Olsen,
A.-K.H. (2015). "Single cell electrophoresis (SCGE)
and Pig-a mutation assay in vivo-tools for
genotoxicity testing from a regulatory perspective:
a study of benzo[a]pyrene in Ogg1-/- mice."
Mutation research. Genetic toxicology and
environmental mutagenesis 772: 34-41.
Groh, K.J., Tollefsen, K.E. (2015). “The Challenge:
Adverse outcome pathways in research and
regulation-Current status and future perspectives.”
Pergamon Press. 34: 1935-1937.
Haug, A., Steinnes, E., Harstad, O.M. Prestløkken, E.,
Schei, I., Salbu, B. (2015) "Trace elements in bovine
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milk from different regions in Norway.” Acta
agriculturae Scandinavica. Section A, Animal
science; Volum 65.(2) s. 85-96.
Jaeschke, B.C., Lind, O.C., Bradshaw, C., Salbu, B.
(2015). "Retention of radioactive particles and
associated effects in the filter-feeding marine
mollusc Mytilus edulis." Science of the Total
Environment 502: 1-7.
Jensen, L.K., Halvorsen, E., Song, Y., Hallanger, I.G.,
Hansen, E.L. Brooks, S: Hansen, B.H., Tollefsen, K.E.
(2016). “Individual and molecular level effects of
produced water contaminants on nauplii and adult
females of Calanus finmarchicus.” Journal of
Toxicology and Environmental Health A (In press).
Julkunen-Tiitto, R., Nybakken, L., Randriamanana,
T., Virjamo, V. (2015) “Boreal woody species
resistance affected by climate change.” I: Climate
change and insect pests. CABI Publishing ISBN
9781780643786. s. 54-73.
Kamstra, J.H., Løken, M., Aleström, P., Legler, J.
(2015). “Dynamics of DNA Hydroxymethylation in
Zebrafish.” Zebrafish. doi:10.1089/zeb.2014.1033.
Kauker, F., Kaminski, T., Karcher, M., Dowdall, M.,
Brown, J., Hosseini, A. (2016). “Model analysis of
worst place scenarios for nuclear accidents in the
northern marine environment.” Environmental
Modelling & Software 77, 13-18.
Langie, S.A. S., Knoppen, G., Desaulniers, D., Al-Mulla,
F., Temaimi, R., Amedei, A., Azqueta, A., Bisson, W.H.,
Brown, D., Brunborg, G., et al. (2015). "Causes of
genome instability: the effect of low dose Chemical
exposures in modern society." Carcinogenesis 36:
S61-S88.
Oughton, D.H., Engels-Hill, J. (2016). “Perception of
Radiation Risk: The Ethical Dimensions of Coping
with Disaster.” In: Health in Disasters: A Science and
Technology Studies Practicum for Medical Students
and Healthcare Professionals. IAEA/Elsevier. (In
press ).
Oughton, D.H. (2015) “Bruk av tradisjonelle
kunnskapsformer i forskning”, In NENT/Cappellen

Perko, T., Tomkiv, Y., Oughton, D.H., Cantone, M.C.,
Gallego, E., Prezelj, I.,. Byrkina, E. (2015). "Units
related to radiation exposure and radioactivity in
mass media: the Fukushima case study in Europe
and Russia." Radiation Protection Dosimetry 164(12): 154-159.
Randriamanana, T.R., Nissinen, K., Moilanen, J.,
Nybakken, L., Julkunen-Tiitto, R. (2015). "Long-term
UV-B and temperature enhancements suggest that
females of Salix myrsinifolia plants are more
tolerant to UV-B than males." Environmental and
Experimental Botany 109: 296-305.
Salbu, B. (2015). "Environmental impact and risk
assessments and key factors contributing to the
overall uncertainties." Journal of Environmental
Radioactivity 151(2): 352-360.
Salbu, B., Skipperud, L., Lind, O.C. (2015) “Sources
Contributing to Radionuclides in the Environment:
With Focus on Radioactive Particles.” I:
Radionuclides in the Environment - Influence of
chemical speciation and plant uptake on
radionuclide migration. Springer International
Publishing ISBN 978-3-319-22170-0. s. 1-36.
Sivadasan, U., Randriamanana, T.R., Julkunen-Tiitto,
R., Nybakken, L. (2015). "The vegetative buds of
Salix myrsinifolia are responsive to elevated UV-B
and temperature." Plant physiology and
biochemistry (Paris) 93: 66-73.
Skipperud, L., Salbu B., (2015). "Sequential
extraction as a tool for mobility studies of
radionuclides and metals in soils and sediments."
Radiochimica Acta 103(3): 187-197.
Strand, P., Brown, J. (2016). “The International
Conference on Radioecology and Environmental
Radioactivity, 2014.” (ICRER-2014). Journal of
Environmental Radioactivity 151, 349-351.
Strømme, C.B., Julkunen-Tiitto, R., Krishna, U.,
Lavola, A., Olsen J.E., Nybakken, L. (2015). "UV-B and
temperature enhancement affect spring and
autumn phenology in Populus tremula." Plant, Cell
and Environment 38(5): 867-877.
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. Telleria, D., Cabianca, T., Proehl, G., Kliaus, V., Brown,
J., Bossio, C., Van der Wolf, J., Bonchuk, I., Nilsen, M.
(2015). “Use of the ICRP system for the protection of
marine ecosystems.” Annals of the ICRP 44 no. 1
suppl pp. 304-312.
Tollefsen, K.E., Song, Y., Kleiven, M., Mahrosh, U.,
Meland, S., Rosseland, B.O., Teien, H.-C. (2015).
"Transcriptional changes in Atlantic salmon (Salmo
salar) after embryonic exposure to road salt."
Aquatic Toxicology 169: 58-68.
Vives i Batlle, J., Beresford, N.A., Beaugelin-Seiller,
K., Bezhenar, R., Brown, J., Cheng, J.-J., Ćujić, M.,
Dragović, S., Duffa, C., Fiévet, B., Hosseini, A., Jung,
K.T., Kamboj, S., Keum, D.-K., Kryshev, A., LePoire, D.,
Maderich, V., Min, B.-I., Periáñez, R., Sazykina, T.,
Suh, K.-S., Yu, C., Wang, C., Heling, R. (2016). Intercomparison of dynamic models for radionuclide
transfer to marine biota in a Fukushima accident
scenario. Journal of Environmental Radioactivity
153, 31-50.

TECHNICAL AND SCIENTIFIC REPORTS
Gilbin, R., Svendsen, C., Horemans, N., Bradshaw, C.,
Teien, H.-C., Brede, D.A., Dubois, C., Frelon, S., Jensen,
L.K., Lecomte-Pradines, C., Margerit, A., Nascimento,
F.; Oughton, D.H., Spurgeon, D., Salbu, B.,
Vandenhove, H., “EU STAR DELIVERABLE (DN°4.3)Tools for mechanistic understanding of
induced effects for mixed exposure.” European
commission community reasearch 2015 84 s.
Klein, H., Bartnicki, J., Wind, P., “Application of the
Eulerian Dispersion Model in the ARGOS System.”
Report for the FAUNA project.
Sørensen, J.H., Amstrup, B., Feddersen, H., Klein, H.,
Bartnicki, J., Simonsen, M., Lauritzen, B., Cordt Hoe,
S., Israelson, C., Lindgren, J., “Fukushima Accident:
UNcertainty of Atmospheric dispersion modelling
(FAUNA)” Final Report of the NKS-B FAUNA activity.
Contract: AFT/B(15)1.
SCIENTIFIC PRESENTATIONS

Wendel, C.C.S., Skipperud, L., Lind, O.C., Steinnes, E.,
Lierhagen S., Salbu, B. (2015). "Source attribution of
Pu deposited on natural surface soils." Journal of
Radioanalytical and Nuclear Chemistry 304(3):
1243-1252.

Aleström, Peter. NMBU/CERAD. Zebrafish Model
applications to address what is relevant for multiple
generational studies. Invited lecture at ECETOC
Workshop: The role of epigenetics in reproductive
toxicity, Brussels 12-13 November 2015.

Yakushev E., Protsenko E., Bruggeman J., Bellerby R.,
Pakhomova S., Couture R.-M., Yakubov S. (2016).
Bottom RedOx Model (BROM): a coupled benthicpelagic model for simulation of seasonal anoxia and
its impact. Geoscientific Model Development
Discussions. , doi:10.5194/gmd-2015-239.

Aleström, Peter. Importance of epigenome:
Zebrafish as a model for eco-epigenetic studies.
Invited lecture at NSFT vintermøte 2016, Beito 2830 januar 2016.

MONOGRAPH
Graupner, Anne. “Genotoxic effects of continuous
chronic low dose rate gamma irradiation and
selenium deficiency.” Universitetet i Oslo 2015
(ISBN 9788282649872) Series of dissertations
submitted to the Faculty of Medicine, University of
Oslo(1939) FHI UiO.

Aleström, Peter. McL. Press, Charles. e-ZFbook – a
new teaching concept. FEBS-IUBMB workshop on
education in molecular life sciences, Oslo 18-19
September 2015.
Bartnicki, Jerzy. SNAP dispersion model as a
potential tool for nuclear forensics. NKS meeting,
Oslo.
Brede, Dag Anders. The FIGARO Gamma and UV
irradiation Facility. Workshop on Infrastructures
for radiation biology research – Preparing for the
transfer from DoReMi to CONCERT; 2015-04-27 2015-04-28.
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Blagojevic, Dajana. Molecular and epigenetic
mechanisms associated with plant responses to
ionizing radiation. Seminar day by IPV, Vitenparken,
NMBU, 02.11 2015.
Blagojevic, Dajana. Effects of gamma radiation on
growth and development in Arabidopsis thaliana,
CERAD Annual meeting, Vitenskapsakademiet,
09.02 2015.
Brunborg, Gunnar. Quantitation of lesions in the
comet assay. CERAD toolbox; The comet assay
workshop; 2015-04-14 - 2015-04-16.
Brunborg, Gunnar; Graupner, Anne; Olsen, AnnKarin; Dahl, Hildegunn; Gutzkow, Kristine Bjerve.
More accurate detection of DNA lesions with the
comet assay. ICRR; 2015-05-25 - 2015-05-29.
Buisset-Goussen, Adeline; Brede, Dag Anders; Lind,
Ole Christian; Frelon, Sandrine; Dubourg, Nicolas;
Salbu, Brit; Adam-Guillermin, Christelle; LecomtePradines, Catherine. Effects of chronic gamma
radiation on reproduction in the nematode
Caenorhabditis
elegans..
STAR-Radioecology
project final dissemination conference; 2015-06-09
- 2015-06-11.
Christensen, Terje. Sol ute, sol inne, Norsk forening
for fotobiologi og fotomedisin (NOFFOF).
Christensen, Terje; et al. Studier av kombinerte
effekter av UV og ioniserende stråling på
cellekulturer og embryoer av sebrafisk, Dansk
Norsk symposium i photobiologi. Bispebjerg
hospital, Københavns universitet, 11. mai 2015.
Christensen, Terje; Aleksandersen, Thomas B.;
Aleström, Peter; Lyche, Jan L.; Bruzell, Ellen M..
Ultraviolet radiation and multiple stressor effects
on zebrafish embryos. CERAD CoE. EZM2015, Oslo
28 June-2 July 2015.
Christensen, Terje. Aleksandersen, Thomas B.;
Aleström, Peter; Lyche, Jan L.; M. Bruzell, Ellen; With
A Chemical Stressor On Zebrafish Embryos,
ZEBRAFISH 2015, Oslo, Norway 28.June-02.July
2015.

Dahl, Hildegunn. Biological effects of radiation; from
grandfather to grandson. Oppstartseminar NMBU
for PhD-studenter; 2015-12-15 - 2015-12-15.
Dahl, Hildegunn. Scoring of cells in the comet assay.
CERAD toolbox; The comet assay workshop; 201504-14 - 2015-04-16.
Ellender, Michele; Olsen, Ann-Karin. Effects of
Chronic LOw-dose Gamma Irradiation on
GAstrointestinal
Tumorigenesis,
CLOGIGAT.
DoReMi-meeting; 2015-10-08 - 2015-12-10.
Graupner, Anne. Statistics of comet data. CERAD
toolbox; The comet assay workshop; 2015-04-14 2015-04-16.
Graupner, Anne; Eide, Dag Markus; Duale, Nur;
Brede, Dag Anders; Salbu, Brit; Oughton, Deborah
Helen; Bouffler, Simon; Brunborg, Gunnar; Ellender,
Michele; Olsen, Ann-Karin. Genotoxic effects of
chronic low dose rate gamma irradation in mice
developing gastrointestinal tumors. ICRR; 2015-0525 - 2015-05-29.
Graupner, Anne; Instanes, Christine; Andersen, Jill
Mari; Brede, Dag Anders; Govasmark, Espen; Lind,
Ole Christian; Anicke, Brandt-Kjelsen; Bjerke, Hans;
Liland, Astrid; Oughton, Deborah Helen; Dertinger,
Stephen D; Salbu, Brit; Brunborg, Gunnar; Olsen,
Ann-Karin. Genotoxic effects of continuous chronic
low dose rate gamma irradiation and selenium
deficiency. FP7 NoE DoReMi-meeting; 2015-12-08 2015-12-10.
Graupner, Anne; Instanes, Christine; Andersen, Jill
Mari; Brede, Dag Anders; Govasmark, Espen; Lind,
Ole Christian; Brandt-Kjelsen, Anicke; Bjerke, Hans;
Liland, Astrid; Oughton, Deborah Helen; Dertinger,
Stephen D; Salbu, Brit; Brunborg, Gunnar; Olsen,
Ann-Karin. Genotoxic effects of continuous chronic
low dose rate gamma irradiation and Se deficiency.
ICRR; 2015-05-25.
Graupner, Anne; Instanes, Christine; Eide, Dag
Markus; Andersen, Jill Mari; Brede, Dag Anders;
Dertinger, Stephen D; Lind, Ole Christian; BrandtKjelsen, Anicke; Bjerke, Hans; Salbu, Brit; Oughton,
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Deborah Helen; Ellender, Michele; Bouffler, Simon;
Brunborg, Gunnar; Olsen, Ann-Karin. Genotoxic
effects of continuous chronic low dose rate gamma
irradation and selenium deficiency in mice. EEMGS;
2015-08-23 - 2015-08-27.

Lindbo-Hansen, Elisabeth; Oughton, Deborah Helen;
Salbu, Brit; Aleström, Peter; Lyche, Jan Ludvig.
CERAD CoE. Developmental effects of gamma
irradiation in successive generations of zebrafish.
EZM2015, Oslo 28 June-2 July 2015.

Graupner, Anne; Instanes, Christine; Eide, Dag
Markus; Andersen, Jill Mari; Brede, Dag Anders;
Dertinger, Stephen D; Lind, Ole Christian; BrandtKjelsen, Anicke; Bjerke, Hans; Salbu, Brit; Oughton,
Deborah Helen; Ellender, Michele; bouffler, Simon;
Brunborg, Gunnar; Olsen, Ann-Karin. Genotoxic
effects of continuous chronic low dose rate gamma
irradiation and selenium deficiency in mice.
SEVENTH MELODI Workshop; 2015-09-09 - 201509-11.

Hurem, Selma; Ortmann, Julia; Christensen, Terje;
Oughton, Deborah Helen; Salbu, Brit; Fraser,
Thomas; Aleström, Peter; Lyche, Jan Ludvig; Mayer,
Ian; EFFECT of UV exposure, alone or in
combination with low-dose gamma radiation on
sensitive early life-history stages in zebrafish.
CERAD CoE. EZM2015, Oslo 28 June-2 July 2015.

Gutzkow, Kristine Bjerve. The comet assay. CERAD
toolbox; The comet assay workshop; 2015-04-14 2015-04-16.
Gutzkow, Kristine Bjerve; Olsen, Ann-Karin; Dahl,
Hildegunn. The comet assay. CERAD toolbox
meeting; 2015-01-05 - 2015-01-05.
Hurem, Selma; Teien, Hans-Christian; Lind, Ole
Christian; Brede, Dag Anders; Kassaye, Yetneberk
Ayalew; Berg, Vidar; Mayer, Ian; Ortmann, Julia;
Lindbo-Hansen, Elisabeth; Oughton, Deborah Helen;
Salbu, Brit; Aleström, Peter; Lyche, Jan Ludvig.
CERAD CoE. Multigenerational study of subchronic
gamma irradiation effects in the zebrafish model.
RAD2015, Montenegro June 8-12, 2015.
Hurem, Selma; Teien, Hans-Christian; Lind, Ole
Christian; Brede, Dag Anders; Hertel-Aas, Turid;
Heier, Lene Sørlie; Berg, Vidar; Martin, Leonardo;
Oughton, Deborah Helen; Salbu, Brit; Aleström,
Peter; Lyche, Jan Ludvig. Effects of low-dose gamma
irradiation during early life stages in the zebrafish
model. CERAD CoE. Modern problems of Genetics,
radiobiology, radioecology and evolution, St.
Petersburg 2-6 June 2015.
Hurem, Selma; Teien, Hans-Christian; Lind, Ole
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APPENDIX B CERAD PROJECT REPORTS
PREDICTING THE LONG-TIME TRANSFER OF
RADIONUCLIDES TO WILDLIFE

ERICA DYNAMIC MODELLING
Justin Brown, Ali Hosseini and Per Strand (NRPA)

Runnhild Gjelsvik (NRPA)

Objective: The aim of the project was to establish
transfer models that more realistically capture
radionuclide behaviour under dynamic conditions.
Results: A Kinetic Terrestrial model (FASTer) and a
Marine kinetic model have been developed. The
latter model (i.e. for the marine environment) has
been tested through an International (IAEA)
intercomparison exercise. The Scenario pertained
to releases to the marine environment following the
Fukushima Daiichi nuclear power plant accident
and involved the intercomparison of model
Predictions, inter alia, for 137Cs, 90Sr and 131I in biota
vs time. The results of the work have been recently
published in an international journal (see Journal of
Environmental Radioactivity 153 (2016) 31-50)
TRAP-2
Håvard Thørring (NRPA)
Objective: The aim of the project was to consolidate
and publish the extensive amount of “ICRP
reference animals and plants” (RAP) element data
provided by CERAD U12-2.

Objective: The aim of the project is to quantify main
parameters in the transfer of 137Cs from soil to
plants and predicting the transfer to herbivores and
carnivores in Norway in a long time perspective.
Furthermore, the project will address challenges in
calculating transfer factor due to spatial and
temporal variation and variations among species at
the same trophical level.
Results: The reduction of 137Cs in topsoil is
significantly higher in coastal areas than inland
area. Differences in precipitation chemistry may
have influenced a greater uptake of 137Cs in animals
in the cost. High levels of 137Cs in big predators like
the lynx and the wolverine in central Norway reflect
the contamination level as well as these animals
biology and diet choice. The ecological half-lives of
137Cs in grazing animals and big predator are
increasing with time and are now in some animals
and areas more than the physical half-life of 137Cs.
Participants: J.A. Kålås S. Nybø S. Stokke, O. Ugedal,
V. Veiberg (NINA), E. Steinnes (NTNU)

Results: A comprehensive report describing the
sampling area and the data is now almost finished.
The report contains statistical information
regarding transfer of more than 50 radioactive and
stable elements from soil or water to different RAPs.
Contribution of different organs/tissue to whole
body concentration ratios (CR) are discussed for
vertebrates and a section comparing radionuclide
and stable analogue transfer from soil to plants is
also included. Further use of the data from the
project will be in e.g. EC-COMET.

MODELING FATE OF RADIOACTIVE ELEMENTS
AT THE SEDIMENT WATER INTERFACE IN
DIFFERENT REDOX CONDITIONS

Participants: J. Brown, A. Hosseini (NRPA), D.
Oughton (NMBU)

• bottom water is enriched with 137Cs during anoxia,
and it transports to surface water during winter
mixing.

Evgeniy Yakushev and Andre Straalstrøm (NIVA)
Objective: The aim of this work was to simulate
fluxes of radioactive elements at the sedimentwater interface and their variability connected with
redox conditions changes.
Results: Numerical modelling approaches were
applied and the following results obtained :
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• synthesis of organic matter and its sinking to the
bottom serve as a biological pump for
radionuclides
• there should be a seasonality in 137Cs
concentrations in the water oin addition to
physical decay.
This modelling tool can be used for simulating of
radionuclide fate in the sediment-water
environment, and the work has been published in a
scientific paper.
ZEBRAFISH GAMMA RADIATION EXPOSURE OF
ZEBRAFISH DURING GAMETOGENESIS AND
EMBRYOGENESIS
Selma Hurem, Jan.L. Lyche, Peter Aleström (NMBU)
Objective: To generate three zebrafish lines
exposed with gamma radiation during one of the
sensitive stages gametogenesis (g), embryogenesis
(e) or both (ge), as founders for offspring
generations F1 up to F4 in order to investigate
whether effects from the exposure become
inherited. The hypothesis is that epigenetic
landscapes (DNA methylation, histone PTM, noncoding RNA) can be modified and inherited as nongenetic changes of the gene expression program and
be manifested in offspring with changes in
phenotypes.
Results: Zebrafish (Danio rerio) were exposed to
gamma radiation (10-40mGy/h) and the three lines
g, ge and e of F0 exposed zebrafish were bred to
generate offspring generations F1 to F3. Parental IR
during gametogenesis inflicts a range of
patho/morphological changes in offspring and
cause reproductive impairment. Crosses with F0-40
g line resulted in 100% mortality at gastrula stage
of offspring embryos compared to 5-20 % mortality
for the F0-10 g and ge lines. Embryos exposed for 3h
(2.5-5.5hpf) displayed significant and dose
dependent differential gene expression. Both
exposed F0 embryos (e) and F1 offspring of exposed
F0 (ge lines) demonstrate changes in epigenetic
histone modification patterns.

Participants: L.C. Lindeman, L. Martin, J. Kamstra,
V.Berg, D.A. Brede, Y. A. Kassaye, H. C. Teien, O.C.
Lind, D. Oughton, B. Salbu (NMBU), T. Gomes
(NIVA), T. Christensen (NRPA),
EFFECTS OF CHRONIC LOW-DOSE GAMMA
IRRADIATION ON GASTROINTESTINAL
TUMORIGENESIS (CLOGIGAT)
Anne Graupner and Ann-Karin Olsen (NIPH)
Objectives: The main objective was to understand
if chronic low dose rate ionising radiation leads to
genotoxicity and cancer (gastrointestinal cancer)
similar as acute exposures, at equal total doses.
Results: Wildtype and ApcMin/+ mice were
exposed to 1.7 or 3.1 Gy γ rays at a chronic LDR (2.1
mGy/h) or acute HDR (1.52 Gy/h x-rays). Ionising
radiation induced genotoxic effects dependent on
the dose rate. Chromosomal aberrations (MN assay)
were 3- or 10-fold increased after LDR and HDR,
respectively. Phenotypic mutation frequency (Pig-a
gene mutation assay) as well as DNA lesions
(ssb/als) were dependent on the dose rate, i.e.
effects were observed after HDR but not after LDR.
We are awaiting tunour counting data to compare
these with our genotoxic endpoints assessed in
blood in order to identify possible early markers.
Participants: D.M. Eide, G. Brunborg (NIPH), D.A.
Brede, D.H. Oughton (NMBU), E.L. Hansen (NRPA),
M. Ellender, S. Bouffler (PHE)
BIOLOGICAL EFFECTS AND TOLERANCE TO
CHRONIC GAMMA RADIATION IN THE
NEMATODE CAENORHABIDITIS ELEGANS
Dag Anders Brede, NMBU
Objective: The project aims to identify harmful
effects of gamma irradiation as well as protective
mechanisms at a cellular and molecular level in
exposed C. elegans.
Results: Nominal gamma dose rates of 1, 10, 40,
100, 200, 750, 1500 mGy/h were used to establish
dose-response relation for growth, fertility,
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reproduction and mortality. The applied gamma
radiation did not result in mortality at any of the
tested doses, but reduced growth and abnormalities
were observed in certain individuals at total dose 72
and 144 Gy. Reproduction was significantly affected
at all doses ≥ 9.6 Gy, however 11 % reproduction
was observed even at 72 Gy. At 144 Gy reproduction
was reduced by 99 %, but all nematodes that had
reached adult stage carried eggs. Chronic exposure
affected reproduction significantly more than the
corresponding dose from acute radiation.
Participants: C. Lecomte Pradines (IRSN), P.
Aleström (Vet/Bio), E. Maremonti, L. Rossbach, Y.A.
Kassaye, O. C. Lind, D.H. Oughton, B. Salbu (NMBU).
COMPARATIVE TOXICITY ASSESSMENT OF
IONIZING RADIATION IN SCOTS PINE, NORWAY
SPRUCE AND ARABIDOPSIS THALIANA
Jorunn E. Olsen (NMBU)
Objective: To compare cross-species sensitivity to
ionizing radiation (IR) and gain insight into
mechanisms underlying differential sensitivity.
Results: Scots pine and Norway spruce were
negatively affected with reduced plant size in a dose
rate-dependent manner. During subsequent
cultivation, growth parametes were negatively
affected with increasingly disorganised shoot and
root apical meristems with increasing dose rate
above 10 mGy h-1, demonstrating adversely affected
cell division pattern. In A. thaliana seedlings
exposed to the highest dose rates, lateral root
formation was negatively affected in contrast to
cotyledon growth. Subsequently, these plants
showed delayed floral bud formation (6 and 15 days
radiation) and a slightly reduced plant size (15 days
radiation only). The induction of DNA repair was
indicated by a persisent upregulation of RAD51.
Mobilization of DNA defence mechnisms is
consistent with the relatively high tolerance of A.
thaliana to gamma radiation.

Participants: D. Blagojevic, Y.K. Lee, L. Nybakken,
K.A. Solhaug, S. Torre, D.A. Brede, O.C. Lind, B. Salbu
(NMBU).
CUMULATIVE RISK ASSESSMENT OF MULTIPLE
STRESSORS
Knut Erik Tollefsen (NIVA)
Objective: Develop cumulative risk assessment
(CRA) tools for multiple stressors and use the
approach on a case study involving radionuclides
(NORM), metals and organic compounds.
Results: A conceptual CRA approach was developed
for NORM, metals and organic compounds emitted
from the decomissioning of oil platforms at Vats
(Norway). The CRA was based on combined toxicity
principles such as concentration(dose) addition and
performed with available exposure and effect
information for relevant stressors. Cumulative risk
was identified for algae, crustaceans and fish,
whereof fish seemed to be the most susceptible
species. Crustaceans and algae were slightly less
sensitive to the current selection of stressors.
Metals were identified to be the major risk driver,
closely followed by NORM and organic compounds.
Participants: K.Petersen (NIVA), J. Brown (NRPA).
CONCEPTUAL APPROACHES TO PREDICT
COMBINED TOXICITY
Knut Erik Tollefsen (NIVA)
Objectives: Develop and use prediction models to
assess combined toxicity of multiple stressors and
integrate resulting data into an Adverse Outcome
Pathway (AOP) framework.
Results: Potential candidate stressors were
identified on basis of their mode of action (MOA),
species-specific adverse outcomes and ecological
relevance. An algal bioassay (C. reinhardtii) was
optimised to accommodate high-throughput
screening (HTS) for combined toxicity assessment
with different type of stressors. Of more than 100
potential stressors assessed, less than 20
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representing UV radiation (UVR), ionising (gamma)
radiation, metals and organic chemicals were
selected as primary candidates for multiple
stressors testing. The multi-endpoint algal bioassay
was found suitable for HTS, and biotesting with
single stressors have been initiated.
Participants: A.C. Almeida (NIVA), H. C.Teien, K. A.
Solhaug (NMBU), B. Johnsen (NRPA).
MIXED TOXICITY OF GAMMA RADIATION IN
COMBINATION WITH URANIUM, ARSENIC OR
CADMIUM IN CAENORHABIDITIS ELEGANS
Dag Anders Brede (NMBU)
Objective: Establish Mode of Action of individual
and combined toxicity of binary mixtures of gamma
irradiation with Uranium, Arsenic or Cadmium
towards Caenorhabditis elegans.
Results: Synchronized nematodes subjected to
chronic exposure for 96h from L1 stage to
reproductive adults according to ISO standard
(ISO10872, 2010). A dose-response relation for
single stressors, gamma radiation, U, Cd and
arsenite were established using growth, fertility,
reproduction and mortality as endpoints.
Reproduction was the most sensitive endpoint for
all stressors. Cd was the most toxic compound
causing mortality >3 µM. Uptake of the cations Cd
and U increased with total concentration in the
exposure, but a large fraction was bound to the
surface of E. coli, while anioic Arsenite remained
unbound in solution. Binary mixtures showed
mainly addtive effects on reproduction. No major
interaction between the stressors was observed.
Participants: T. Gomes, Y. Song, K.E. Tollefsen
(NIVA), R.P. Contreras, L. Rossbach, E. Maremonti,
Y.A. Kassaye, H.C. Teien, O.C. Lind, D.H. Oughton, B.
Salbu (NMBU).

GENOTOXIC AND EPIGENETIC EFFECTS OF
IONISING RADIATION IN COMBINATION WITH
ARSENIC
Anne Graupner, Dag. M. Eide, Ann-Karin Olsen (NIPH)
Objectives: To understand genotoxic and
epigenetic effects of exposure to chronic low dose
rates gamma irradiation and the potential
modulation of effects following co-exposure to
arsenic. To apply a human relevant co-exposure of
gamma radiation and elevated arsenite levels. This
scenario can be found, for example, in close
proximity of uranium mines where arsenic is one of
many wash out by-products polluting the limited
amounts of drinking water.
Results: So far, a pilot study with different arsenic
exposure levels (namely NaAsO2) in drinking water
was conducted to identify an exposure level
triggering genotoxic effects (DNA lesions by SCGE,
chromosomal fragmentations by micronuclei assay)
and epigenetic endpoints (microRNA, histone
modification, DNA methylation). At this moment, a
second pilot study is ongoing where some mice will
additionally receive x-ray to screen for the effect of
(acute) radiation.
Participants: A. Graupner, D.M. Eide, N. Duale, A.K.
Olsen (NIPH), D.A. Brede, O.C. Lind, A. BrandtKjelsen, B. Salbu (NMBU)
ASSESSMENT OF SINGLE AND COMBINED
EFFECTS OF ENVIRONMENTAL STRESSORS ON
THE MITOCHONDRION USING FISH CELLS,
CRUSTACEANS, ALGAE AND PLANTS
You Song (NIVA)
Objective: To develop and utilize a bioassay to
study the mitochondrial dysfunction and oxidative
stress caused by environmental stressors.
Results: A fluorescence-based bioassay was used in
this study for rapid measurement of disruption of
mitochondrial inner mebrane potential. The assay
has been successfully optimized for two type of fish
cells, including zebrafish (Danio rerio) liver cell-line
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(ZF-L) and Arctic char (Salvelinus alpinus) primary
hepatocytes, the green algae (Chlamydomonas
reinhardtii), the duckweed (Lemna minor) and the
water flee (Daphnia magna). Assay with ZF-L cell
line showed clear inhibition of MMP by the classical
uncoupler carbonyl cyanide m-chlorophenyl
hydrazone (CCCP) and cadmium.
Participants: M.T. Hultman, T.C. Gomes, L.
Fredriksen, L. Xie, K.E. Tollefsen (NIVA)
DECIPHERING COMPLEX INTERACTIONS OF
GAMMA RADIATION AND DEPLETED URANIUM
IN JUVENILE SALMO SALAR
You Song (NIVA)
Objective: Evaluate hepatic transcriptional and
functional effects of gamma radiation, depleted
uranium (U) and the combination of the two
stressors in Atlantic salmon.
Results: Juvenile salmon were exposed to 70 mGy
external gamma dose delivered over the first 5h of a
48 h period, 0.25 mg/L U were exposed
continuously for 48 h and the combination of the
two stressors Microarray gene expression analysis
identified 3122, 2303 and 3460 differentially
expressed genes (DEGs) being significantly
regulated by exposure to gamma, DU and Combi,
respectively. Functional analysis revealed that the
stressors displayed common modes of action (MoA)
such as induction of oxidative stress, DNA damage
and disturbance of oxidative phosphorylation.
Although some similarity in MoA were observed
between stressors, differens in MoA were also
clearly identified. No functional adverse effects
could be observed in the present studies.
Participants: B.Salbu, H.C. Teien, O.C. Lind, B. O.
Rosseland, Ø. Evensen (NMBU), K.E. Tollefsen
(NIVA)

EPIGENOMICS TOOLBOX - HISTONE POST
TRANSLATIONAL MODIFICATIONS (PTMS) AND
CHROMATIN IMMUNOPRECIPITATION (CHIP)
ANALYSIS
Leif C. Lindeman and Peter Aleström (NMBU)
Objective: To set up and implement the chromatin
immunoprecipitation (ChIP) method for zebrafish
(Lindeman et al. 2009. Fish'n ChIPs. Meth Mol Biol)
and consequently in other CERAD species including
mouse, Atlantic salmon (Salmo salar) and Daphnia
magna.
Results: Zebrafish embryos exposed between 2.5
and 5.5hpf with 0.5-10mGy/h (1.5-30mGy) that
display dose-response differential gene expression
(DE) were also shown by ChIP-PCR analysis to have
altered histone post-translational modifications
(PTMs) in DE gene promoters. Similar histone PTMs
were detected in F1 of the F0-10mGy ge line. A set of
samples from F0-10 g line F1 offspring are presently
investigated for patterns of “epigenetic cross-talk”,
correlations between gene expression (mRNA-seq),
and changes in genome wide epigenetic patterns
(DNA methylation BIS-seq, H3K4m3, K27m3 ChIPseq and short ncRNA-seq).
The histone PTM analysis (ChIP) method has been
established for several other CERAD species. A
method for chromatin preparation from Salmo salar
embryos with high content of yolk lipids together
with a ChIP-PCR protocol has been established and
a study of histone PTM pattern on gamma irradiated
embryo samples is ongoing. A corresponding ChIP
method is established for Daphnia magna and of
mouse testis.
Participants:, S. Hurem, J.L. Lyche, L. Martin, J.
Kamstra, V. Berg (Vet/Bio) J. Thaulow, K.E. Tollefsen
(NIVA), A.K. Olsen, A. Graupner (NIPH), D.A. Brede,
Y. A. Kassaye, H.C. Teien, O.C. Lind, D.H. Oughton, B.
Salbu (NMBU)
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COGNITIVE PERFORMANCE OF OGG1+/-(HE)
AND WT MICE EXPOSED TO X-RAYS
Tim Hofer, Ann-Karin Olsen and Oddvar Myhre
(NIPH)
Objective: The aim was to understand whether
acute X-ray (0,5 Gy) exposure of F2 offspring from
grandfathers (F0; exposed during spermatogenesis
to chronic low dose rate γ-irradiation) were more or
less susceptible to cognitive effects (learning and
memory) than F2 offspring from unexposed F0.
Results: Wild-type (WT) and Ogg1+/- (heterozygous
(HE) knockouts (KO)) F2 mice were challenged with
X-rays (0,5 Gy; 0,46 Gy/min). Cognitive effects were
assessed in the Barnes maze. One week after acute
0,5 Gy exposure, learning ability was tested over 3
days, with two tests per day. Long-term memory
impairment was assessed by re-testing the animals
6 weeks after X-rays exposure. Hippocampus and
other brain regions were stored for further
mechanistic studies. There was no effect in F2
offspring due to whether their grandfather (F0) had
been irradiated or not. Interestingly, the acute (0,5
Gy) exposure effect on genotype was clear
(p<0.0005), indicating that the F2 HE Ogg1+/- were
significantly slower learners than the F2 WT. This is
in accordance with recent findings by Bjørge et al.
(2015). We also found a significant effect of X-raychallenge (p<0.03), where the irradiated HE
animals learned faster than the non-irradiated.
Participants: T Hofer, J M Andersen, F Boix, DM
Eide, H Dahl, AK Olsen, O Myhre (NIPH), D Oughton,
B Salbu, (NMBU).
BIOLOGICAL EFFECTS OF RADIATION; FROM
GRANDFATHER TO GRANDCHILD
Hildegunn Dahl, Christine Instanes and Ann-Karin
Olsen (NIPH)
Objectives: The main aim is to detangle if chronic
low dose rate exposure to ionising radiation of
parents or grandparents lead to genomic instability
or dysregulated epigenetic setting in offspring.

Results: Transgenerational effects of male parent
mice chronically (45 days) exposed to a single low
dose rate (1.48 mGy/h) gamma irradiation prior to
conception and offspring through two generations
are explored. As expected, irradiation caused
increased micronuclei (MN) in directly exposed
animals, but no statistically changes were identified
in offspring from irradiated fathers and
grandfathers compared to controls. A distinct
gender-dependent difference in MN-levels was
observed in the directly exposed animals. F2-mice
have been exposed to a challenging acute dose Xrays to identify potential inherited genomic
instability, measured using the MN-assay and comet
assays in blood cells exposed ex vivo. The results
from this challenging exposure study are being
analysed.
Participants: H. Dahl, C. Instanes, D.M Eide, N.
Duale , G. Brunborg, A.K. Olsen (NIPH), B. Salbu, D.
Oughton (NMBU)
IONIZING- AND UV RADIATION- STUDIES OF
THE COMBINED UVB AND X-RAY TREATMENTS
OF HUMAN AND FISH CELLS
Alicja Jaworska (NRPA)
Objectives: To reveal similarities and differences in
chosen cellular and subcellular response
mechanisms to the treatment of UV and ionizing
radiation alone, and in combination with each other
in cells of different origins.
Results: Human TH6 cells are more sensitive to
both ionizing and UVB radiation than zebra fish cells
ZF4. Combinations of both UV and X-ray treatments
seem to be additive in terms of cell survival, and of
mitochondrial physiological status for both human
and fish cells, but more results and more statistical
analysis are needed. The magnitude of cell damage
seems not to be dependent on which exposure is
first in the combined acute exposure experiment,
for none of these two cell lines. Studies on the
mitochondrial morphology and abundance as well
as a study of effects of depleting the cells of
antioxidants are underway.
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Participants: T. Christensen, T. Danielsen, A.
Jaworska (NRPA), G. Brunborg (FHI), E. Bruzell
(NIOM)
ACCELERATION OF PARKINSON PATHOGENESIS
BY CHRONIC LOW-DOSE RATE GAMMA
EXPOSURE (OSTINATO)
Dag Marcus Eide and Ann-Karin Olsen (NIPH)
Objective: To determine whether chronic low dose
radiation causes an increase in Parkinson’s disease
in mice susceptible to Parkinson’s (point mutation
in the Pitx – Parkinsons’ susceptibility locus).
Results: Mice with new-born litters were exposed
for about 3 weeks. The results from the behavioural
studies of the first clutch of animals have been
analysed at the Helmholz research centre in Munich.
This analysis has so far revealed no effect of
radiation in the functional tests relevant for
Parkinson’s disease. Neither were there any
differences between in utero and post partum
exposed animals. There was no effect of any
genotype; neither the OGG knockout nor the Pitx
(Parkinsons’s susceptibility) mutation.
Detailed histomorphological evaluation of the
substantia nigra compacta (SNc) is ongoing.
Biological materials for endpoint analyses (miRNA
profiling, gene expression, DNA damage levels) are
being analysed. The project will provide data

valuable for the risk evaluation of CT diagnostics
early in childhood.
Participants: N. Duale, G. Brunborg (NIPH), D.A.
Brede, D.H. Oughton, B. Salbu (NMBU) E.L. Hansen
(NRPA). M Rosemann, S Götz (Helmholz, München)
Other Information: The work is co-funded by
CERAD and EU DoReMi project Ostinato.
NATURALLY
STUDIES

OCCURRING

RADIONUCLIDE

Lindis Skipperud (NMBU)
Objectives: to investigate the weathering potential
of alum schale and study uptake and effect on fish.
Results: In 2015, laboratory leaching experiments
of alum shcale and uptake and potential effect on
fish, dose-response experiments were performed
on brown trout (Salmo trutta), and the
concentrations of U, Al, Cd, Cu, Mn, Mo and Ni in
water and fish organs analyzed. Uranium
concentrations varied from 17 to 602 µg/L, but
were still increasing by the end of the experiment as
were the other elements measured. WHO’s drinking
water guideline for uranium is 30 µg/L (WHO,
2011). Concentrations of metals and radionuclides
will be measured in various organs of the fish, and
several biomarkers (mortality, plasma ions, blood
gases etc.) will be used to assess the negative effects.
Participants: M. Hjulstad, H.C. Teien, S. Meland, F.
Wærsted, B. Salbu, (NMBU)

Allium. Photo Signe Dahl
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Lighthouse - Drøbak. Photo Signe Dahl
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APPENDIX C CERAD MEETINGS AND WORKSHOPS 2015
CERAD CONFERENCE 09TH – 10TH FEBRUARY 2015
The Norwegian Academy of Sciences and Letters ,
Drammensveien 78, 0271 OSLO
MONDAY FEBRUARY 9.
09:15 Welcome, CERAD Chairman
• Objectives, focus and deliverables
• Status CERAD 2015
• Umbrella Research Focus
Session 1: Sources, speciation and transfer
Chair: Halvor Hektoen
09:30-10:30 UMBRELLA 1 Particle sources and effects
• Overview Particle sources and effects, Ole Christian Lind
Highlights
• Characteristics and transformation of radioactive particles, Ole Christian Lind
• Uptake and distribution of U and Co nanoparticles in biota, Simone Cagno
• Exposing plant and lichen to radioactive particles, Knut Asbjørn Solhaug
10:50 -12:00 UMBRELLA 2 Dynamic transfer
• Overview Dynamic transfer, Justin Brown
Highlights
• ERICA dynamic modelling tool, Justin Brown
• Uranium model experiments Atlantic salmon, Hans Christian Teien
• FFF-ICP–MS toolbox for speciation - examples with uranium speciation, Sachin Nehete (PostDoc)
• Transfer and uptake of NORM – Case Central Asian Pit Lakes, Lindis Skipperud
12:00 – 12:20 Guest lecture: Challenges associated with NORM , Peter Stegnar, Slovenia
12:20 – 12: 30 Discussion
Session 2: Biological effects
Chair: Lindis Skipperud
13:30-17:00 UMBRELLA 3 Radiosensitivity, UMBRELLA 4 MixTox and UMBRELLA 5 Transgenerational
• Overview: Radiosensitivity, MixTox and Transgenerational effects, Dag A Brede, Knut Erik
Tollefsen and Anka Olsen
Highlights
• Combined toxicity of cadmium, uranium and gamma in Atlantic salmon - role of toxicokinetics and
toxicodynamics, Hans- Christian Teien and You Song
• Gamma exposure of zebrafish and associated responses, Peter Aleström
15:20 Highlights
• Direct and transgenerational effects in mice
o Mutagenic (and reproductive) effects of combined exposure to multiple stressors – chronic low
dose rate IR and low Se diet, Anne Graupner (PhD)
o Transgenerational biological effects of paternal low dose rate ionising radiation, Hildegunn Dahl
(PhD)
• NanoParticle exposure of C. elegans and plants, Dag A. Brede
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•

Developing and applying an effect toolbox in C. reinhartii, D. magna and L. minor on single and
multiple stressors, Tânia Gomes (post doc)
• Cumulative risk assessment of multiple stressors under ecological relevant exposure scenarios,
Karina Petersen
16:20– 16:40 Guest lecture: Challenges in radiobiology, Carmel Mothersill and Colin Seymore, Canada
16:40-17:30 General discussion
17:30 – 19:30 Concert
19:30 Dinner
TUESDAY FEBRUARY 10.
Session 3: Ecosystem approach and integrating UV
Chair: Per Strand
09:00 – 09: 50 UMBRELLA 6 Ecosystem Approach
• Overview Ecosystem Approach, Alicija Jaworska
Highlights
• Meso/Microcosm- experimental opportunities, Hallvard Haanes
• Radon –willingness to pay to reduce risks, Olvar Bergland
• Socio-ethical challenges, Deborah H. Oughton
09:50-10:10 Guest lecture: Challenges associated with Ecosystem/Holistic approach, Claire Bradshaw,
Sweden
10:10 – 10:20 Discussion
10.40-11:30 UMBELLA 7 Ionising and UV radiation
• Overview Doses and effects of ultraviolet ionising radiation, Terje Christensen
Highlights
• Combined effects of ultraviolet and ionising radiation on zebrafish and human cell culture models,
Alicja Jaworska
• Applying the effects of UV radiation on the environmental consequences after a radioactivity
fallout, Martin Album Ytre-Eide
• Dose models, Elisabeth Lindbo Hansen (PostDoc)
11:30 -12:30 Lunch
Session 4 Cases
Chair Deborah H. Oughton
12:30 – 13:50 UMBRELLA 8 a, b Cases: Nuclear Releases
• Overview Cases, Ole Christian Lind
• Case: Western Norway
o Sources and transport Ole Christian Lind
o Coupling of models - results from the modelling group, Astrid Liland
o Short report from the first stakeholder seminar, Yevgeniya Tomkiv
• Case: Arctic
o Expeditions K-159 and K-27, Hans Christian Teien
o Air transport in case of a nuclear accident involving K -159 and K-27, Heiko Klein
• Impact assessments and uncertainties, Brit Salbu
14:00 Nuclear Threats, Per Strand
14:15 Guest lecture: CERAD research – relevance to IUR, François Bréchignac, IUR
14:30 – 15:00 General discussions
15:00 Closing
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WORKSHOP: USE OF FLUORESCENT PROBES FOR THE DETECTION OF REACTIVE OXYGEN SPECIES,
23-25TH MARCH 2015, NIVA

Description: The aim of this workshop is to give the theory and skills needed to determine ROS formation
in CERAD species of interest and elucidate mechanisms associated with gamma radiation and other
stressors.
MONDAY, 23TH MARCH
TIME
TITLE
9-11h
Lecture

11-12h

Lunch

12-13h

Lab

13-15h
9-10h

Lecture
Lecture

10-12h

Lab

12-13h
13-17h

Lunch
Lab/Lecture

WEDNESDAY 25TH MARCH
9-10h
Lecture
10-12h

Lab

12-13h
13-15h
15-17h

Lunch
Lab
Lecture

PROGRAM:
1. Generation and detection of ROS
2. Detection of ROS: fluorescent probes
3. Measuring probe fluorescence
4. Probe selection, application and interpretation
5. H2DCFDA/H2DFFDA and DHR123
6. Practical application and development of protocols
7. Formation of ROS in algae and daphnia
8. ROS methods in CERAD
Determination of ROS in Daphnia magna using the H2DCFDA probe and/or
DHR 123
Normalization of results and analysis of data
Formation of ROS in algae Chlamydomonas reinhardtii
Hands on: Determination of ROS in C. reinhardtii using the H2DCFDA probe
and DHR 123
Normalization of results and analysis of data
Final remarks
How to set up experimental design to other CERAD species
Preparation for ROS formation testing with other CERAD species
Formation of ROS in fish embryos and C.elegans
Determination of ROS in fish embryos and C.elegans using the H2DCFDA
probe and DHR 123
Continuation of ROS assay
Normalization of results and analysis of data
Optimization of protocols
Final remarks
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CASE SELLAFIELD SEMINAR, HJELMELAND
26. – 27. JANUAR 2015 PÅ HJELMELAND SPA HOTELL
MANDAG 26/01-2015 FELLES KOMPETANSEHEVING
Fra 09:30 Registrering og kaffe
Ordstyrer Per Strand, Strålevernet
10:30

Velkommen (Per Strand/Brit Salbu og FM i Rogaland)

10:40

Hva er CERAD og hvorfor er vi i Rogaland? – Brit Salbu, leder, CERAD

11:00

Norsk atomberedskap og atomtrusler – Per Strand, Strålevernet

11:15

Fylkesmannens rolle i atomberedskap – Gry Evensen, Fylkesmannen i Rogaland

11:30

Mattilsynets rolle i atomberedskap – Torild Agnalt Østmo, Mattilsynet

11:45

Fiskeridirektoratets rolle i atomberedskapen – Anne Brit Fjermedal, Fiskeridirektoratet

12:00

Kommunal atomberedskap – plangrunnlag - Monica Dobbertin, Strålevernet

12:15

Mål og opplegg for seminaret - Astrid Liland og Yevgeniya Tomkiv, CERAD

12:20

Spørsmålsrunde

12:30

Lunsj
Ordstyrer Deborah H. Oughton , CERAD

13:30

Potensielle atomulykker i Storbritannia med konsekvenser for Vestlandet - Ole Chr Lind, CERAD

13:50

Radioaktivitet og tiltak i næringskjeder - Lavrans Skuterud, Strålevernet

14:30

Mulige konsekvenser i Rogaland ved et uhell på Sellafield-anlegget: Modellprognoser, usikkerheter
og kunnskapshull - Astrid Liland, CERAD

14:50

Forurensing av elver og innsjøer – John Brittain, Universitet i Oslo

15:05

Sjømat og tiltak – Hilde Elise Heldal, Havforskningsinstituttet

15:20

Kaffe
Ordstyrer Brit Salbu, CERAD

15:40

Tar du sjansen? - Eirik Romstad, CERAD

16:25

Nasjonalt risikobilde – Tone Bergan, DSB

16:40

Status og framtidsutsikter for sektorene i dag
Fylkesmannen (15 min)
Fiskeri (10 min)
Oppdrett (10 min)
Landbruk (15 min)
Miljø og friluftsliv (15 min)
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17:45

Spørsmålsrunde

18:00

Utfylling av kort spørreskjema

18:30

Middag

21:00

Retur for de som bare deltar én dag.

TIRSDAG 27/01-2015 FOKUS PÅ UTFORDRINGER INNEN OG PÅ TVERS AV SEKTORER
Ordstyrer Øyvind Selnæs, Strålevernet
08:30

Hvordan reduserer vi usikkerhet og dekker kunnskapshull? Brit Salbu, CERAD

08:45

Hvordan møte kravet om dokumentasjon? – Amund Måge, Nasjonalt institutt for ernærings- og
sjømatforskning

09:15

Gjennomgang av opplegg for gruppediskusjon, begrensninger av scenario, spørsmålsrunde –
Yevgeniya Tomkiv og Astrid Liland, CERAD

09:45

Kaffe

10:00

Sektorvis diskusjon (4 grupper) – hvilke utfordringer har hver sektor?

12:00

Lunsj
Ordstyrer Yevgeniya Tomkiv, CERAD

13:00

Presentasjoner fra gruppene i plenum (4x15 min inkl. spørsmål)

14:00

Diskusjon i grupper på tvers av sektorer
– hva er viktig temaer fra andre sektorer?
– hvilke utfordringer peker seg ut som nødt til å løse i felleskap?

15:30

Kaffe
Ordstyrer Inger Margrethe Eikelmann, Strålevernet

15:45

Presentasjoner av gruppearbeid i plenum

16:45

Diskusjon i plenum (fokusområder)

17:15

Identifisering av temaer til neste seminar og oppsummering

17:45

Avslutning

18:00

Retur m/båt

Hjemmerefleksjon: hva kan sektorene løse på egenhånd og hva krever samarbeid på tvers og med hvem?
Hvilken kunnskap / data kan sektorene bidra med til CERAD slik at forskerne kan forbedre prognosene for
konsekvenser i Rogaland?
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SELLAFIELD-SEMINAR I STAVANGER
TIRSDAG 10. MARS-2015 FOKUS PÅ KREATIV PROBLEMLØSNING
Ordstyrer: Deborah H. Oughton, CERAD
09:45 Innledende foredrag
09:45

Velkommen, CERAD og Rogaland - Brit Salbu/Ole Christian Lind, CERAD

10:05

Planer for dagen - Astrid Liland og Yevgeniya Tomkiv, CERAD

10:15

Helseeffekter – Lavrans Skuterud, Statens strålevern

10:30

Målekapasitet

10:30

Nasjonal målekapasitet – Inger Margrethe Eikelmann, Strålevernet

10:45

Sivilforsvarets Radiac-patruljer i Rogaland – Mariann Svanes/Ole Skår, DSB

11:00 Pause
11:10 Roller og ansvar
11:10
11:30

StrålevernRapport 2012:5 «Roller, ansvar, krisehåndtering og utfordringer i norsk
atomberedskap» - Øyvind Gjølme Selnæs, Strålevernet

Lunsj
Ordstyrer: Lavrans Skuterud, Strålevernet

12:30 Roller og ansvar fortsatt
12:30

Eksempel fra Fylkesmannen (varsling og samordning) – Gry Evensen/Reidar Johnsen, FM
Rogaland

12:50

Eksempel fra sektor fiskeri/oppdrett (omdømmeberedskap og fremmedstoffer) - Øystein
Valanes, Norges sjømatråd

13:05

Eksempler fra sektor landbruk (tiltak) - Arne Grønlund, Bioforsk og Torild Østmo,
Mattilsynet

13:35 Pause
13:45 Gruppediskusjoner på tvers av sektorer med fokus ‘Roller og ansvar’
- Hvilke tiltak kan iverksettes i Rogaland?
- Hvem gjør hva og hvem har ansvar for hva?
- Hvilke målebehov har man og hvem prioriterer hva som måles først?
- Hva slags informasjon (statistikk, data, modeller osv.) trengs og fra hvem?
Hva kan CERAD bidra med og hvilken lokal/regional info må da framskaffes?
15:10 Pause
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Ordstyrer: Astrid Liland, CERAD
15:20 Informasjon og kommunikasjon
15:20

Kriseinfo.no - Tone Bergan, DSB

15:30

KUs kommunikasjonsplaner – Anne Marit Skjold, Strålevernet

15:55 Gruppediskusjoner på tvers av sektorer med fokus ‘Informasjon og kommunikasjon’
- hvem er målgruppene regionalt?
- hva slags infomateriell trengs, hvilke kanaler?
- i fredstid, hva trengs av bistand i utarbeidelse av infomateriell, og fra hvem?
16:45

Kaffepause m/mat

17:00 Presentasjon fra alle gruppene på begge tema
17:40 Plenumsdiskusjon:
- Evaluering av seminarene: hva har vært nyttig? hvor er de største forbedringspotensialene?
- Hvordan vil sektorene og Rogaland kunne jobbe videre med disse spørsmålene?
- Hvordan kan sentrale myndigheter og forskningsinstitusjoner bidra?
18:10 Oppsummering og utfylling av spørreskjema
18:30 Slutt

Oslofjord, Drøbak. Photo Signe Dahl
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NKS-B SEMINAR ON NUCLEAR FORENSICS IN NORDIC COUNTRIES
HOTEL THON HOTEL VIKA ATRIUM, OSLO - October 5th and 6th, 2015
DAY 1
PROGRAMME
12:30-13:30 Lunch
13:30
Brit Salbu and Ole Christian Lind
Welcome
13:40-17:00 SESSION 1: NUCLEAR FORENSICS - FROM AN INTERNATIONAL TO A NORDIC PERSPECTIVE
Chair: Henrik Ramebäck, FOI, Sweden
13:40-14:25 David Smith, IAEA Nuclear Security
Nuclear forensics as part of a Nuclear Security
Infrastructure
14:25-15:10 Michael Curry, US State Department
International nuclear forensics cooperation
15:10-15:30 Coffee and fruits
15:30-16:00 Per Reppenhagen Grim, Emergency
Status of nuclear forensics in Denmark
Preparedness Denmark
16:00-16:30 Hari Toivonen, HT Nuclear Oy, Finland Nuclear security and forensics in Finland
16:30-16:45 Henrik Ramebäck, FOI, Sweden
Research and development at FOI relevant to
nuclear forensics
16:45-17:00 Inger-M. Eikelmann, NRPA, Norway
Status of nuclear forensics in Norway
17:00-17:15 Gisli Jonsson, GR, Iceland
Nuclear forensics capabilities in Iceland
17:15-17:45 General discussion
Chair: Gisli Jonsson, GR, Iceland
19:00Dinner
Louise Restaurant & Bar
Aker Brygge - Stranden 3, Oslo
DAY 2
08:45
Coffee
09:00-11:30 SESSION 2: HISTORIC NUCLEAR EVENTS OF RELEVANCE TO NUCLEAR FORENSICS
Chair: Per Roos, DTU, Denmark
09:00-09:30 Brit Salbu
Source terms and release scenarios
09:30-10:00 Jerzy Bartnicki, MET, Norway
Modelling atmospheric dispersion of pollution
from nuclear accidents and detonations with the
SNAP model
10:00-10:30 Per Roos, DTU, Denmark
Characterisation of the Thule terrestrial Pu-U
particles
10:30-11:00 NN, NRPA
International collaboration on nuclear forensics
11:00 -11:30 Discussion
11:30-12:30 Lunch
12:30-15:45 SESSION 3: STATE-OF-THE-ART AND NOVEL TECHNIQUES
Chair: Inger Eikelmann, NRPA, Norway
12:30-13:15 Anne-Laure Fauré, CEA, France
Nuclear forensics at CEA/DAM Ile de France Focus on SIMS particle analysis
13:15-13:45 Henrik Ramebäck
Precision and accuracy in gamma spectrometric
measurements of nuclear materials
13:45-14:15 Ole Christian Lind
Combining speciation and source identification
techniques
14:15-14:35 Coffee and fruits
14:35-14:55 Pablo Lebed
Isotopic signature of selected lanthanides for
nuclear activities profiling
15:55-16:15 Ortec
To be announced
16:15-16:35 Michel Ceuppens, Canberra
To be announced
16:35-16:55 GENERAL DISCUSSION: FUTURE PERSPECTIVES Chair: Brit Salbu, NMBU/CERAD, Norway
16:55-17:00 Ole Christian Lind
Closing of the meeting
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APPENDIX D CERAD PERSONNEL 2015
NAME AND TITLE
Brit Salbu, Professor
Lindis Skipperud, Professor
Ole Christian Lind, Førsteamanuensis
Anicke Brandt-Kjelsen, Forsker
Deborah H. Oughton, Professor
Bjørn Olav Rosseland, Professor Emeritus
Eirik Romstad, Forsker
Ståle Navrud, Professor
Knut Einar Rosendal, Professor
Olvar Bergland, Professor
Jorun Olsen, Professor
Sissel Torre, Førsteamanuensis
Hans Christian Teien, Forsker
Dag Brede, Forsker
Per Strand, Avdelingsdirektør/Prof II
Unn Hilde Refseth, Avdelingsdirektør
Åste Søvik, Seksjonssjef
Justin Brown, Forsker
Håvard Thørring, Forsker
Ali Hosseini, Forsker
Hallvard Haanes, Forsker
Martin Album Ytre-Eide, Forsker
Mikhail Iospe, Forsker
Lavrans Skuterud, Forsker
Tanya Helena Hevrøy, Forsker
Alicja Jaworska, Forsker
Louise Kiel Jensen, Forsker
Runhild Gjelsvik, Forsker
Terje Christensen, Forsker
Bjørn Johnsen, Forsker
Hans Bjerke, Seniorrådgiver
Per Otto Hetland, Forsker
Astrid Liland, Forsker
Knut Asbjørn Solhaug, Professor
Line Nybakken, Førsteamanuensis
Øystein Hov, Direktør
Jerzy Bartnicki, Senior forsker
Pål Erik Isachsen, Senior forsker

ACADEMIC GRADE
Dr. Philos
Dr. Scient
PhD
PhD
PhD
Dr. Philos
PhD
Dr. Scient
PhD
PhD
Dr. Scient
Dr. Scient
Dr. Philos
PhD
Dr. Scient
PhD
PhD
PhD
Cand. Scient
Cand. Scient
PhD
Can. Scient
PhD
PhD
PhD
PhD
PhD
PhD, Cand.Scient
PhD
Siv. Ing
Cand.real
Cand.scient
Cand.scient
Dr. Scient
PhD
Dr. Philos
PhD
Dr. Scient
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EMPLOYED
NMBU
NMBU
NMBU
NMBU
NMBU/CERAD
NMBU
NMBU
NMBU
NMBU
NMBU
NMBU
NMBU
NMBU/CERAD
NMBU/CERAD
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA
NRPA/CERAD
NRPA
NRPA
NRPA
NRPA
NMBU
NMBU
NMI
NMI
NMI

NAME AND TITLE
Heiko Klein, Senior forsker
Øyvind Sætra, Senior forsker
Knut Erik Tollefsen, Senior forsker/Prof II
You Song, Post Doc
Maria Hultman, Forsker
Raoul-Marie Couture, Forsker
Anders Ruus, Forsker
Karina Petersen, Forsker
Yan Lin, Forsker
Jens Thaulow, Forsker
Jannicke Moe, Forsker
Evgeniy Yakushev, Forsker
Ailbhe Macken, Forsker
Ana Catarina Almeida, Forskningsassistent
Thomas Rundberget, Forsker
Lene Fredriksen, Forskningsassistent

ACADEMIC GRADE
PhD
PhD
Dr. Scient
Dr. Scient
MSc
Dr. Scient
Dr. Scient
Dr. Scient
MSc
PhD
Dr. Scient
PhD
PhD
PhD
PhD
MSc

EMPLOYED
NMI
NMI
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA
NIVA

David Eidsvoll, Forskningsassistent
Peter Aleström, Professor
Jan Erik Paulsen, Professor
Ian Mayer, Professor
Jan L. Lycke, Professor
Ann-Karin Olsen, Forskningsprofessor
Gunnar Brunborg, Avd.direktør,Forskningsprofessor
Christine Instanes, Forsker, Avdelingsdirektør
Nur Duale, Seniorforsker
Kristine Bjerve Gutzkow, Forskningsprofessor
Dag Marcus Eide, Forskningsprofessor
Oddvar Myhre, Forsker
Birgitte Lindeman, Seniorforsker

MSc
Fil.dr.
Dr.med.vet
Dr. Scient
Dr.med.vet
Dr. Philos
Dr. Philos
Dr. Philos
Dr. Philos
Dr. Philos
D.V.M PhD
Dr. Scient
Dr. Philos

NIVA
NMBU
NMBU
NMBU
NMBU
NIPH
NIPH
NIPH
NIPH
NIPH
NIPH
NIPH
NIPH

POST DOC
Sachin Nehete
Tânia Gomes
Cato C Szacinski Wendel
Elisabeth Lindbo Hansen
Leif Lindeman
Pablo Lebed
Anne Graupner

PhD
PhD
PhD
PhD
PhD
PhD
PhD

NMBU/CERAD
NIVA/CERAD
NMBU
NRPA/CERAD
NMBU/CERAD
NMBU
NIPH/CERAD
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PHD STUDENTS
Merethe Kleiven
Selma Hurem
Magne Simonsen
Jorke Kamstra
Hildegunn Dahl
Astrid Liland
Dajana Blagojevic
Leonardo M Martin
Frøydis Meen Wærsted
Yevgeniya Tomkiv
TECHNICAL/ADMINISTRATIVE
Mirian Wangen
Anja Nieuwenhuis
Lene Valle
Karl Andreas Jensen
Marit Nandrup Pettersen
Øyvind Enger
Yetneberk Kassaye
Jill Andersen
Håvard Futsæter
Alexander Buerg,
Martin Grønlien Pejcoch
Kim Jensen
INTERNATIONAL GUEST SCIENTISTS

MSc
DVM

MSc
MSc

NMBU/IMV
NMBU/VET
NMBU/CERAD
NMBU/VET
NIPH/CERAD
NRPA/CERAD
NMBU/IPV
NMBU/VET
NMBU
NMBU/IMV

Førstekonsulent
Administrativ leder
Overingeniør
Senioringeniør
Avdelingsingeniør
Overingeniør
Overingeniør
Overingeniør
IT senioringeniør
IT senioringeniør
IT ingeniør
IT ingeniør

NMBU
NMBU
NMBU/CERAD
NMBU
NMBU/CERAD
NMBU/CERAD
NMBU/CERAD
NIPH
NMI
NMI
NMI
NMI

Researcher Simone Cagno
INTERNATIONAL SCIENTIFIC NETWORK
Dr David Clarke
Professor Valeriy Kashparov
Professor Koen Janssens
Professor Peter Stegnar
Professor Carmel Mothersill
Professor Colin Seymour
Professor Tom Hinton
Dr Clare Bradshaw
Professor Janet Bornman
Dr. Marcel Jansen
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