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During the past decades, many specialised networks have formed to meet specific radioecological objectives, whether regional or
sectorial (purpose-oriented). Regional networks deal with an array of radioecological issues related to their territories. Examples
include the South Pacific network of radioecologists, and the European network of excellence in radioecology. The latter is now
part of the European platform for radiation protection. Sectorial networks are more problem-oriented, often with wider inter-
national representativeness, but restricted to one specific issue, (e.g. radioactive waste, low-level atmospheric contamination, model-
ling). All such networks, while often working in relative isolation, contribute to a flow of scientific information which,
through United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR’s) efforts of synthesis, feeds into the
radiation protection frameworks of protecting humans and the environment. The IUR has therefore prompted a co-construction
process aimed at improving worldwide harmonisation of radioecology networks. An initiative based on an initial set of 15 networks,
now called the IUR FORUM, was launched in June 2014. The IUR Forum agreed to build a framework for improved coordin-
ation of scientific knowledge, integration and consensus development relative to environmental radioactivity. Three objectives have
been collectively assigned to the IUR FORUM: (1) coordination, (2) global integration and construction of consensus and (3) main-
tenance of expertise. One particular achievement of the FORUM was an improved description and common understanding of the
respective roles and functions of the various networks within the overall scene of radioecology R&D. It clarifies how the various
networks assembled within the IUR FORUM interface with UNSCEAR and other international regulatory bodies (IAEA, ICRP),
and how consensus on the assessment of risk is constructed. All these agencies interact with regional networks covering different
geographical areas, and with other networks which address specific topics within radiation protection. After holding its first
Consensus Symposium in 2015, examining the possible ecological impact of radiation from environmental contamination, the IUR
FORUM continues its work towards improved radiation protection of humans and the environment. We welcome new members.
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INTRODUCTION

International arrangements to control risks from
ionising radiation are supported in three ways: epis-
temology, safety paradigms and standards supported
by regulation. Epistemological aspects of science and
knowledge of the effects of ionising radiation are led
and summarised by the United Nations Scientific
Committee on the Effects of Atomic Radiation
(UNSCEAR). Safety paradigms are developed by
the International Commission on Radiological
Protection (ICRP) and incorporated into a system of
radiological protection used internationally as the
common basis for setting radiological protection
standards. Basic safety standards for radiation pro-
tection and safety of radiation sources, as well as cor-
responding recommendations and guidance on their
practical implementation are provided by the
International Atomic Energy Agency (IAEA). These
three organisations interact with regional networks
covering different geographical areas, and with net-
works addressing radiation protection topics, such as
solid radioactive waste disposal or environmental
protection.

In response to growing energy demands with low
greenhouse gas emissions, the nuclear industry is
expanding globally beyond the historical group of
countries operating nuclear licensed sites, even in the
aftermath of the Fukushima accident. In this con-
text, the initiation of a process for worldwide har-
monisation of R&D programmes and related work
in radioecology is becoming increasingly desirable.
Such a harmonisation process should have the objec-
tives to: (1) identify key research priorities and gaps,
(2) avoid duplication and promote efficient exploit-
ation of existing infrastructures and resources to
address them, (3) support harmonised and coherent
regulatory developments, (4) develop well-informed
and balanced consensus on the scientific conclusions,
while (5) meeting the specificities of problem-
oriented or regional objectives. This would promote
the development of relevant research activities, the
consistent interpretation of scientific results in the
development of safety paradigms, and the appropri-
ate application of the results in development and
application of safety standards.

The IUR, with its large, long-standing inter-
national membership spread throughout some 60
countries, is well placed to meet these objectives. In
existence for almost 40 y, the Union and its dedi-
cated task groups has a strong tradition of promot-
ing networks and making recommendations on the
scientific needs required to advance radioecology(1–7).
As the relevant international professional body for
radioecology, the Union started a process of assem-
bling as many networks as possible to discuss a com-
mon structure. High-level representatives from the
various networks, or similar entities, were convened

at a workshop in June 2014 to design an international
framework for worldwide harmonisation of
radioecology.

IUR FORUM: INTERNATIONAL
HARMONISATION OF RADIOECOLOGY

Assembling Existing Radioecology Networks

From over 20 international networks and organisa-
tions invited, representatives from 15 were able to
attend and participate in founding the IUR FORUM
at a workshop held in Aix en Provence on 19–20 June
2014. These included regional and problem-oriented
networks as well as networks led by international
organisations (Table 1). The workshop programme
was established to review the activities and organisa-
tion of each network, to share information on their
respective research agendas and priorities, and to
agree on a way forward.

Geographical representation was broad, including
Europe, Asia, the South Pacific and North America.
Regulators, academic institutions and technical sup-
port organisations were represented, as well as the
IAEA and ICRP. Specific technical areas included:
radioactivity in the arctic (Artic Monitoring &
Assessment Programme, AMAP); the marine environ-
ment (Convention for the Protection of the marine
Environment of the North-East Atlantic, OSPAR);
monitoring of airborne radioactivity (European Trace
Survey Stations Network for Monitoring Airborne
Radioactivity, Ring of Five); and solid waste disposal
(BIOPROTA, a global forum addressing key issues in
assessment of the long-term impact of contaminant
releases associated with radioactive waste manage-
ment). Apart from IUR itself, networking in radioe-
cology at the regional level was represented by the
European Radioecology Alliance (ALLIANCE) and
its companion networks (STAR and COMET), the
National Center for Radioecology (NCoRE, USA)
and the South Pacific Environmental Radioactivity
Association (SPERA). Particular importance was
attached to representatives from Japan, directly con-
nected with radioecology efforts in support of manage-
ment of areas affected by contamination from the
Fukushima Daiichi NPS accident (Institute of
Environmental Radioactivity at Fukushima University,
and the National Institute of Radiological Sciences,
NIRS). Also important was inclusion of broader
environmental sciences through the Society of
Environmental Toxicology and Chemistry (SETAC).

The interactions between the leading international
organisations in radiation protection (UNSCEAR,
ICRP and IAEA) were noted, alongside those of other
international organisations concerned with environ-
mental and human health, such as the United Nations
Environment Programme (UNEP) and the World
Health Organization (WHO).
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It was emphasised that, as in other research areas, it
is necessary to maintain effective relations with aca-
demia, government, business and other stakeholders.
This is not always easy to do, as the respective com-
munities need to maintain their independence.
Mechanisms for building of trust and confidence were
seen as vital. The links between success, clear commu-
nication of values and benefits, and confidence in the
results of scientific research were all commonly high-
lighted. The need for increased numbers of people
with technical competence in radioecology was
also commonly identified. Support for training pro-
grammes is therefore another critically important
issue, allowing for geographical and gender inclusivity,
combined with a focus on meeting the needs for radio-
ecology related services.

Radioecology Networks’ Research Priorities

Priority research issues identified during the FORUM
ranged from those closely connected to fundamental
research in radioecology, as it supports assessment
of impacts on non-human biota and ecosystems, to
quite specific studies designed to address particular
needs, such as the transport of key radionuclides
from the sub-surface into and through the bio-
sphere. The latter are often dedicated to support
long-term assessments of geological disposal of solid
radioactive waste and post-accidental management
issues.

FORUM members stressed the need to improve
dynamic models that simulate radionuclide migration

and accumulation in the biosphere, particularly those
that include widely different temporal and spatial
scales for assessment of major accidents and for solid
waste disposal. In the area of assessments, a need to
improve management issues was highlighted relative
to naturally occurring radioactive material, uranium
mining and ore processing wastes, and other nuclear
legacies. Additional modelling concerns were clearly
acknowledged to lie beyond the simple identification
of model parameter values. In particular, the use of
any model should be based on an appropriate level of
understanding of the relevant ecosystem processes,
and commonly involves multidisciplinary analysis,
e.g. understanding of hydrogeology, radiogeochemis-
try and radioecology in processes affecting contamin-
ant migration at the geosphere–biosphere interface. A
graded assessment approach is required which is ini-
tially as simple as possible to minimise resource needs,
progressing stage by stage to be as complex as neces-
sary to provide confidence in the model results and
the assessment conclusions.

The need for more effective and efficient monitor-
ing techniques, to support emergency preparedness
and response, but also to increase confidence in
arrangements for radioactive waste containment and
the routine release of radionuclides was highlighted.
Time series data, if appropriately taken and recorded,
can also support the understanding of processes and
the selection of appropriate parameters in assessment
models.

An improved understanding of radiation effects at
low doses and dose rates on both humans and other

Table 1. List of networks/organisations attending the IUR International Workshop on harmonisation of radioecology
networks.a

Regional networks
SPERA, South Pacific Environmental Radioactivity Association
ALLIANCE, European Radioecology Alliance
STAR, Strategy for Allied Radioecology, European network of excellence
COMET, Coordination and implementation of a pan-European instrument for radioecology
NCoRE, US National Center for Radioecology
Asian Network, IURTask group
Fukushima University, Institute of Environmental Radioactivity (IER)
Arctic Council, Artic Monitoring & Assessment Programme (AMAP)
OSPAR, Oslo-Paris Convention for the protection of the marine environment of the North-East Atlantic

Networks led by international organisations
IAEA, International Atomic Energy Agency (Coordination Group on Radiation protection of the Environment,
MODARIA programme on modelling and data for radiological impact assessment)
ICRP, International Commission on Radiological Protection (Framework for environmental risk assessment based on
reference animals and plants)
SETAC, Society for Environmental Toxicity And Chemistry
IUR, International Union of radioecology

Problem-oriented Networks established by professionals
BIOPROTA, International collaboration on biosphere assessment for radioactive waste disposal
Ro5, “Ring of Five” IURTask group on Low-level atmospheric contamination watch and surveillance

aAll presentations on the organisations and the perspectives in research priorities are available at the link http://iur-uir.
org/en/actualites/id-242-launch-of-the-forum-a-collective-initiative-prompted-by-iur-to-promote-worldwide-
harmonization-of-radioecology-networks.
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biota, from the individual to the ecosystem level,
was regarded to be critical by FORUM members.
The effects of environmental change, particularly cli-
mate change, were identified of an issue of increasing
significance, particularly as they affect radionuclide
behaviour and the potential for exposure within
changing ecosystems. In addition, several FORUM
members noted that protection of the environment
and human health from ionising radiation cannot be
considered in isolation from other potentially harm-
ful phenomena, and thus understanding the conse-
quences of multiple stressors is a growing research
priority.

It is important to note that some of the FORUM
networks have prioritised their research goals by
developing a dedicated Strategic Research Agenda
(SRA)(8). The development of an SRA was viewed as
a useful initiative recommended for all the FORUM
networks.

Setting up the FORUM’s Role in the Radiation
Protection International Framework

Views and prospects for the harmonisation process
have been extensively discussed and shared(9). During
the FORUM meeting a better description and com-
mon understanding of the respective roles and func-
tions of the various networks within the overall scene
of radioecology R&D was constructed, clarifying in
particular their interfaces with international regula-
tory bodies (Figure 1). This was recognised as essen-
tial for developing strategies to reach consensus on
the assessment and communication of risk (e.g.
including stressors other than ionising radiation), as
well as to emphasise the value of radioecology to sta-
keholders, decision makers and funding authorities.
This aspect is particularly relevant when responding
to criticisms about perceived duplication of activities
in various R&D programmes.

Overall, the 15 network representatives participat-
ing in the meeting have collectively decided to
launch the FORUM as a tool to promote an inter-
national harmonisation process for radioecology
worldwide. At this stage, consensus has been elabo-
rated on three objectives for the FORUM: (1) coord-
ination, (2) global integration and construction of
consensus and (3) communication and maintenance
of expertise.

During the meeting it was stressed that the
FORUM needs additional integration with networks
outside the realm of radiation but that have expertise
in dealing with similar environmental risk issues,
such as SETAC (Society for Environmental Toxicity
and Chemistry), since mutual benefits are expected
from improved liaising. This is why the IUR seeks to
promote further discussion through UNSCEARwith
the UNEP family of environmental programmes of
relevance (climate change, biodiversity, etc.).

BUILDING CONSENSUS ON ECOLOGICAL
EFFECTS OF RADIATION

A recent significant achievement of the FORUM
was a consensus-building meeting on the ecological
effects of radiation on populations and ecosystems(7),
an issue still being much debated within the scientific
community in relation to the issue of clarifying the
ecological impact of environmental contamination
spread at Chernobyl and Fukushima.

Situating the Need for Consensus

For almost two decades, radiological protection has
been expanding from a system focused only on
impacts on humans, to one that encompasses non-
human biota and the environment itself. Scientific
research in both the laboratory and the field has sig-
nificantly advanced our knowledge on the environ-
mental effects of radiation, yet during the last decade
there is a feeling of divergence rather than con-
vergence in current opinions(10). Contrasting results
from the laboratory and the field (especially at
Chernobyl and Fukushima), and resulting disagree-
ment about their respective implications for risk
assessment and management, are currently stimulat-
ing a need for refinement of international assumptions
and findings relevant to environmental radiological
protection systems, particularly relative to chronic
exposures at low dose rates.

Refinement could be rooted in an ecocentric
approach to environmental protection that would
reconcile radiation impact understanding developed
essentially in the laboratory with observations in the
real environment. However, while there is increasing
awareness of the need to embrace not only the indi-
vidual level but also population, community and
ecosystem impacts, radiation protection institutions
are only beginning to engage the range of expertise
needed to conceptualise and conduct the relevant
research. Building consensus on the ecological effects
of radiation on populations and ecosystems could
stimulate dialogue, foster a more integrated research
programme, and facilitate national and international
efforts to work toward a more comprehensive system
of protection.

In this light, IUR convened an international
Consensus Symposium in order to assess the current
research status and to work on consensus building.
A group of thirty scientists with different methods,
references and convictions, came together for 3 d in
Miami during 17–19 November 2015. They were
invited to present and discuss scientific work from the
laboratory and the field, identify areas of agreement,
explore reasons for disagreement about conceptual
approaches, and review different interpretations of the
results, as well as the implications for environmental
protection. Inspired by a constructive spirit directed at
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understanding discrepancies rather than arguing dis-
agreements, the group has been successful in formulat-
ing consensus statements that have been endorsed by
the group.

Agreed Consensus Statements

• Successful protection of the environment depends
on the protection of natural populations, their
dynamics, species interactions and contributions
to ecosystem functioning. Ecosystem approaches
are needed to support these protection goals.

• Improved terminology for referring to environ-
mental protection criteria, operational outcomes
and standardised methods is required.

• Field studies and experiments, especially those
focusing on populations, make a vital contribu-
tion to the scientific background necessary to
achieve the environmental protection goals. Field
data are essential to account for realistic exposure

scenarios, as well as to investigate how exposure
to radionuclides interacts with other environmen-
tal factors to determine the effects on natural
populations.

• Better continuity between laboratory and field
studies should be developed to advance protec-
tion of the environment. Hypotheses should
ideally be tested through an iterative strategy
integrating field and laboratory studies, and
modelling efforts.

• Strategies need to be developed to disentangle
the direct and indirect effects of radiation on
(populations of) biota in natural ecosystems, as
well as the confounding factors that prevent clear
interpretation of the results.

• Reference organism approaches represent an
important first step to characterise doses to biota,
but they have significant limitations. More effort
should be placed on understanding mechanisms
and processes of how radiation effects are

Figure 1. Science and expertise synergy in radioecology featuring the FORUM’s role within the radiation protection inter-
national framework. The upper part features the groups dealing with science: (from right to left) scientific knowledge ela-
borated within national laboratories and under topical or regional networks is next harmonised and integrated through the
FORUM and ultimately feeds to UNSCEAR synthetic reviews of understanding on radiation effects. The lower part fea-
tures the regulatory groups: (from left to right) ICRP (left) in charge of translating scientific knowledge into risk principles,
feeding next to IAEAwho builds international safety standards, finally integrated in national regulations by national regu-
latory authorities (right). International organisations are often backed by similar entities dealing with other risk issues

(SETAC, UNEP, etc.) or with different aspects relevant to risk regulation (ICRU, WHO, NEA, etc.).
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manifested in natural ecosystems, and on quanti-
fying dose in the field.

• Research programmes and studies should encourage
a multidisciplinary approach among radioecolo-
gists, radiobiologists, ecologists, evolutionary
biologists, statisticians, modellers and geneticists.
Field study design should encompass methods
and approaches established in ecology and
address a diverse range of sites and cases with
preferably experimental approaches.

List of participants giving their consent to the above
consensus statements: Lawrence W. Barnthouse,
James C. Beasley, Andrea Bonisoli-Alquati, Clare
Bradshaw, François Bréchignac, Justin Brown,
Stéphane Dray, Stanislav Geras’kin, Travis Glenn,
Kathy Higley, Ken Ishida, Lawrence A. Kapustka,
Ulrik Kautsky, Wendy Kuhne, Michael Lynch,
Tapio Mappes, Claire Mays, Steve Mihok, Anders P.
Møller, Carmel Mothersill, Timothy A. Mousseau,
Joji M. Otaki, Deborah H. Oughton, Evgeny
Pryakhin, Olin E. Rhodes Jr, Brit Salbu, Jim Smith,
Per Strand, Hirofumi Tsukada.

Concluding Issues from the Consensus Symposium

The assessment and management of ecological risks
can be regarded as a duty to human society and an
obligation that we have to the ecosystems of which
we are a part. Proper risk assessment, and then man-
agement, requires both an appropriate understand-
ing and a convincing and appropriate system of
environmental protection. In this context, promoting
shared understanding within the scientific commu-
nity regarding the occurrence of ecological impacts
of radiation is of high strategic importance. In par-
ticular, the still on-going debate on whether or not
the Chernobyl and Fukushima accidents are produ-
cing ecological consequences needs to be resolved.

The Miami Consensus Symposium has con-
structed a set of collectively agreed statements about
means to assess the ecological impact of radiation
and their conceptual implications for designing
environmental protection. One paramount issue con-
cerns the need to create better linkage between con-
trolled experimentation in the laboratory and in situ
studies. At present these are often carried out by dif-
ferent scientists, or groups of scientists, issued from
and educated in separate disciplines. The group also
stressed that ecosystem approaches do provide a uni-
fying conceptual basis: for linking laboratory experi-
ments and field studies, for assembling human and
environmental radiological protection in a justified
and coherent manner, and for integrating scientific
understanding gained at various levels, analytic as
well as systemic, towards the goal of assessing eco-
logical risk in situ and ultimately providing better
protection.

CONCLUSION

Since its launch 2 y ago, the IUR FORUM has
established important steps in meeting its objectives,
especially by starting to integrate knowledge and
expertise across the networks and promoting scien-
tific consensus on controversial issues.

The IUR FORUM is also gaining recognition
from the radiation protection community. On the
issue of environment protection for example, recom-
mendations expressed by IUR to move on to an eco-
system approach for radiological protection of the
environment is now endorsed by the Nuclear Energy
Association (NEA) of OECD(11). On the need to
integrate more ecological science into radioecology, a
recommendation that was expressed in 2011 while
opening the International Conference on Radioecology
and Environmental Radioactivity in Hamilton
(Canada)(12), the success of the 2015 Miami Consensus
Symposium is now triggering a further joint workshop
IUR-AERC (Association of Ecological Research
Centers) in 2016 that will promote better linkage
between the radioecology and ecology communities.

The IUR FORUM is also committed to promot-
ing an additional Asian and Oceanian regional net-
work for better representation of the worldwide
community. This new network will be especially
focused on liaising the Japanese community working
on the Fukushima consequences, with that of
SPERA and other national initiatives in this region
of the world (Indonesia, China, Korea, Viet Nam,
etc.). This objective will particularly be pursued dur-
ing the upcoming SPERA Conference in Bali,
Indonesia 5–9 September 2016 (held jointly with
SEIR 2), as a suitable platform for the launch of a
new Asian and Oceanian network.
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