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FASSET will bring to radiation protection a framework for the assessment of environmental impact of 
ionising radiation. The framework will link together current knowledge about sources, exposure, 
dosimetry and environmental effects/consequences for reference organisms and ecosystems. Relevant 
components of the framework will be identified on an ecosystem basis through systematic 
consideration of the available data. The application of the framework in assessment situations will be 
described in an overall report from the project. The project started in November 2000 and is to end by 
October 2003. 
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Executive summary 
The FASSET (Framework for ASSessment of Environmental impacT) project aims at the 
development of an assessment framework, with emphasis on European biota and ecosystems. 
It is intended to assist decision-makers and all stakeholders involved in assessing 
environmental effects of past, present and future sources of environmental radiation.  

The aim of the present report (Deliverable 2: Part 1) is to take advantage of, and integrate into 
the FASSET framework, aspects of existing systems dealing with environmental risks from 
radioactive or hazardous substances. In the report, this information is used to formulate the 
FASSET assessment context. The development of the assessment context as well as the 
framework is supported by more detailed documentation on other existing systems, issued in 
Deliverable 2: Part 2.  

Societal views and guidance 
The development of the FASSET framework needs to reflect societal views on environmental 
protection in general. Three �ethical views� can de discerned, as follows: 

• an anthropocentric view, in which human beings are the main or only thing of moral 
standing, and thus the environment is of concern only as it affects humans; 

• a biocentric view, in which moral standing can be, and is, extended to individual members 
of other species; and 

• an ecocentric view, in which moral standing can be extended to virtually everything in the 
environment, including abiotic features (the physical environment). 

The philosophical, ethical and moral views with regard to environmental protection are 
�translated� into numerous guidelines and laws in the form of international agreements and 
national legislation. Upon examination of such guidelines (of different character as well as 
legal strength), it becomes evident that environmental impact of ionising radiation cannot � 
for societal reasons as well as for scientific and logical reasons � be assessed by using only 
one target species, i.e., humans. Consequently, there is no basis for the a priori view that the 
environment is protected if humans are protected. Against this background, the need for an 
assessment framework that focuses on effects of radiation on non-human biota and 
ecosystems becomes a necessity. 

General structure of assessment frameworks  
Twenty pathway-based �systems� for environmental assessment have been considered and 
reviewed in Deliverable 2 (summarised in this report and detailed in Deliverable 2: Part 2). 
Nine of these systems deal directly with radioactive substances, and eleven with risks from 
hazardous substances. Structurally, there are numerous similarities between the different 
systems and approaches, as indicated in Figure I. 
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  Figure I.   Elements in a stepwise environmental assessment and management procedure. 

Formulating the FASSET assessment context 
This report focuses on those elements that build up the FASSET assessment context, i.e.: the 
purpose of the assessment; source term and hazard identification; spatial and temporal scale; 
level of simplification; �biosphere� system and exposure pathways to be considered; object of 
protection; biological effect; and data availability and data requirements (see Figure I). For 
each of these aspects, a number of issues and options have been identified from the system 
comparison in Deliverable 2: Part 2 as well as other sources, and/or were raised during the 
FASSET External Forum, held in Bath, UK, 8�9 April 2002. The Forum gave possibility to a 
number of invited organisations, representing a range of views and activities in the field of 
environmental radiation and environmental protection, to provide �guidance and critique� to 
the project. 

A number of aspects of formulating the assessment context can be highlighted: 

• purpose � to present an estimate of environmental impact that is as realistic as possible, 
while still using general or generic information, to guide decision-making;  

• source term and hazard identification � to be flexible in terms of sources, environmental 
properties, and effects of different nuclides, and to provide a means to prioritise; 

• spatial and temporal scale � to consider acute and chronic exposures for the relevant 
environment; 
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• biosphere and level of simplification � to use generalised data for seven European 
ecosystems (three aquatic and four terrestrial), and to use a set of (currently) 31 �reference 
organisms� as basis for impact analysis;  

• object of protection � there may be cases where the object is predefined through 
legislation, i.e., in the case of rare and/or endangered species. In other cases, objects of 
protection may be identified on their significance to ecosystem function, exposure situation 
and sensitivity to radiation, and using multiple criteria. The �reference organism� approach 
will assist in making these judgements. 

• effects � to compile and assemble in a database information on effects of ionising radiation 
on different wildlife groups, organised in four �umbrella� categories, morbidity, mortality, 
reproductive success, and cytogenetic effects, as a basis for estimating impact on 
individuals;  

• data requirements and availability � to use �realistic� data if available and extrapolate with 
reasonable caution when data are missing. 

It was concluded that the environmental impact of ionising radiation can be assessed in a 
similar manner to other assessments, e.g. for hazardous substances. However, certain aspects 
of exposure (including dosimetry) and effects, particular to ionising radiation, need to be 
explored further before integration into the framework. Such technical developments are 
ongoing within the project, and the final FASSET framework, taking these aspects into 
consideration, is planned to be delivered towards the end of 2003. 

This report, as well as all other Deliverables plus minutes from the External Forum, are 
available at the FASSET website (www.fasset.org). 
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1. Introduction 
The requirement for assessments of the environmental effects of radiation is increasing due to 
public concern for environmental protection issues, scientific reasons, and to the evolving 
integration of environmental impact assessments into the regulatory process. A well-defined 
and agreed assessment framework would be of benefit to both regulators and organisations 
responsible for the development, implementation and operation of facilities handling or 
generating radioactive substances, and would help in decision-making and in setting standards 
for environmental protection. Such a framework may, in addition, help to make a clear and 
understandable presentation of the environmental effects to members of the public. 

However, the current system for radiological protection, as outlined by the International 
Commission on Radiological Protection (ICRP) in its Publication 60 [ICRP, 1991] makes no 
direct reference to environmental protection. Instead, the view is held that the environment 
indirectly is afforded adequate protection through application of standards adequate for 
protection of humans. This indirect approach is nowadays, however, generally considered 
inadequate or even inappropriate [e.g., Strand & Larsson, 2001]. The statement may not only 
apply in situations where man is absent or not exposed, but may also be doubted on scientific 
grounds. Consequently, there is much international and national effort in the development of 
new assessment and management systems focusing on protection of the environment per se, 
or in linking together systems for protection of humans and the environment.  

Ongoing international activities to establish frameworks for radiological impact assessments 
focusing on biota and ecosystems, and to various extents incorporating elements of 
frameworks created for non-radiological assessments, include those of the International 
Atomic Energy Agency, IAEA [2002], and the ongoing revision of the ICRP 
recommendations [ICRP, 2002]. On a national level, the US Department of Energy has 
developed a tiered approach to demonstrate compliance to certain derived environmental 
nuclide concentration standards to be applied in some DOE facilities [USDOE, 2000]. 
Approaches to assessment based on exposure and effects analysis have also been developed 
by the Environment Agency of England and Wales in collaboration with English Nature 
[Copplestone et al., 2001; Environment Agency, 2002]; and by initiative from the Canadian 
Nuclear Safety Commission [AECB, 2001].  

1.1 Aim, scope and structure of the report – FASSET Deliverable 2 
The FASSET Technical Annex [FASSET, 2000] describes Deliverable 2 (D2) as a �report on 
existing programmes for environmental assessment and management of environmental risk 
from ionising radiation and hazardous chemicals�. A further description in the work package 4 
(WP 4) outline D2 as a �report reviewing the aims and ambitions of existing programmes for 
environmental assessment and management of environmental risks associated with ionising 
radiation and hazardous, in particular genotoxic, chemicals� [FASSET, 2000].  

The aim of the present report, D2, is to take advantage of, and integrate into the FASSET 
framework, aspects of existing systems for dealing with environmental risks from radioactive 
or hazardous substances. 
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There is a large number of programmes for assessing and managing environmental risks, 
developed for different purposes and applying different methodologies. These programmes 
can be grouped into three categories: 

• assessment and management through pathway-based analysis of exposure, often involving 
environmental standards expressed in terms of concentrations or doses/dose rates; 

• management through process standards relevant to (a) specific source(s) based on best 
available technique (BAT) or similar criteria of technical status and performance; and 

• pure management standards, which may include certification schemes or systems to ensure 
that positive actions are taken to protect the environment and where continuous 
performance improvement is sought, such as the EC Eco-Management and Audit Scheme 
(EMAS). 

It was recognised during the preparation of the project plan [FASSET, 2000] that 
management of environmental risks, in terms of setting standards and procedures for 
implementation of such standards, was a matter for national authorities to decide upon, and 
should not be a part of the assessment framework being produced within FASSET. Also, 
technical performance standards for certain practices or activities fall outside the scope of the 
FASSET project. The review, and the formulation of the assessment context, therefore 
focuses on the pathway-based approach to assessments. This does not mean that the �user-
perspective�, nor other environmental effects such as contamination of the physical 
environment, is to be neglected. The construction of the framework must be flexible in order 
to take into account various risk management options, as well as societal concern, as these 
influence (and ultimately must make use of) the way in which a risk assessment is carried out. 
These aspects are considered in Chapter 2, which provides a review of ethical and social 
aspects, and their translation into international guidance on environmental protection. 

Chapter 3 briefly reviews the pathway-based assessment frameworks considered in this study, 
and synthesises these into a general assessment and management scheme, part of which will 
become the basis for the FASSET framework. Chapter 4 discusses the formulation of the 
FASSET assessment context, setting out the reasoning that will guide the methodological 
development of the final framework. The role of this formulation is to:  

• provide a means for discussion of the available choices with regard to targets, 
methodologies, etc., as well as an explanation and justification of the choices made for the 
purpose of the framework; 

• guide the further development of the framework within the second half of the project; and 
• facilitate addressing issues raised during the FASSET External Forum.  
The development of the assessment context as well as the framework is supported by a more 
detailed comparison of existing systems, published in Deliverable 2: Part 2. All FASSET 
Deliverables, including Deliverable 2, are available at the FASSET website (www.fasset.org). 

1.2 Procedure for collating information 
National and international assessment and management programmes relevant to FASSET 
were collated in a first instance by all FASSET partners. The information was then reviewed 
within WP 4 and a refined list was put together. Even when considering the limitations of the 
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scope discussed in Section 1.1, the documentation that has been analysed is selective. Major 
international and national programmes addressing assessment of environmental risks of 
ionising contaminants have been included; a number of national and international 
programmes for assessing environmental risks of hazardous substances have been included 
when their structure was deemed appropriate to assessing the impact of ionising radiation. A 
number of programmes for assessing risks of hazardous substances have not been included 
since they essentially corroborate other programmes. Thus, the final list represents a certain 
bias, but it should undoubtedly cover all major aspects of assessments frameworks that are 
relevant to FASSET.  

The preparation of this report has also been guided by comments on the FASSET project 
received during the FASSET External Forum, held in Bath 8�9 April 2002, in conjunction 
with the third FASSET workshop [FASSET, 2002]. The External Forum was arranged to 
enable invited �external� organisations, representing various interests and views within the 
field of environmental radiation protection, to provide �guidance and critique� to the project. 
A summary table of issues and recommendations from the External Forum, as well as the 
responses from the project, can be found in Appendix 1. 

Furthermore, the review has taken on board elements from the BIOMASS (BIOsphere 
Modelling and ASSessment) project, lead by the IAEA. BIOMASS documentation was 
generously made available by the IAEA to FASSET participants [IAEA, 2001]. Also, a 
FASSET/BIOMASS workshop was arranged in Stockholm, 30�31 October 2001, to discuss 
commonalities and how BIOMASS experiences could be effectively taken on board by 
FASSET [FASSET, 2001a]. 

Finally, FASSET has gained from experiences from other EC-funded research projects, in 
particular EPIC (Environmental Protection from Ionising Contamination in the Arctic, ICA2-
CT-2000-10032).  
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2. Social and ethical aspects, and international guidance 
2.1 Social and ethical aspects on environmental protection 
Environmental protection covers many topics, and it is important to have some idea of how 
they interface with other areas of environmental management. One of the more relevant is that 
between what is usually regarded as �pollution control� and that which is generally referred to 
as �nature conservation�. This interface is often considered to be largely a matter of 
identifying what level of �protection� is required under different circumstances, but it also 
involves a deeper understanding of more basic issues, including the various ethical and moral 
considerations that underlie the origin and practical consequences of different pollution 
control and nature conservation legislation.  

Different ethical views have always affected the way in which people view the environment. 
It also affects reactions of society to their impacts upon it, and how best to manage their 
consequences. It therefore affects the way in which legislation evolves and the degree of 
consensus that may or may not be obtained amongst different countries. In this context, 
therefore, it is helpful to consider the findings of the recent IAEA [2002] study, in which a 
three-component ethical spectrum of views was identified (anthropocentric, biocentric, and 
ecocentric) within the context of the international, EU, and national legislation of the 
FASSET-participating countries. These three �ethical views� essentially arise from 
philosophical debates about what has moral standing in the world, and why. They are briefly 
as follows: 

• an anthropocentric view is that in which human beings are the main or only thing of moral 
standing, and thus the environment is of concern only as it affects humans; 

• a biocentric view is that in which moral standing can be, and is, extended to individual 
members of other species, and thus obligations pertaining to such individuals arise as a 
consequence; and 

• an ecocentric view is that in which moral standing can be extended to virtually everything 
in the environment, including abiotic features of landscapes � rivers and mountains � but 
where the focus lies more with the entirety and diversity of the ecosystem rather than, say, 
the moral significance of each and every individual component of it. 

As one might imagine, there are considerable ranges of views within each of these three broad 
categories.  

The anthropocentric view is easily recognised and dominates most of the existing legislation; 
but the other two are equally important. All of them vary considerably. A prominent feature 
of the biocentric view is recognition of the moral obligations that arise from the fact that 
many animal species can be shown, �scientifically�, to be sentient, in that they can experience 
pleasure and pain. The results of these considerations are reflected in attitudes to animal 
�welfare�, and thus in national laws � such as those relating to experiments on animals, for 
whatever reason. (They may therefore constrain the nature and extent to which experiments 
could be performed in order to obtain the data necessary to compile the missing data on dose-
effects relationships for the FASSET programme.) Biological characteristics other than 
sentience may also be considered relevant, and extreme biocentric views assume that all 
individual living things have an inherent value and should be respected for what they are.  
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Ecocentric views also differ widely, particularly with regard to the reasons for, the evaluation 
of, and the solutions to, environmental degradation and ecosystem change; but all agree that it 
is the ecosystem that is the entity having moral standing. 

Nevertheless, and notwithstanding these various basic ethical views, there is now a general 
international agreement on their practical implications for how we manage the environment, 
particularly with regard to conservation issues, and this is reflected in UN-level commitments 
by most countries. There are thus several international agreements relating to the conservation 
of both species and habitats. These essentially relate to the �importance� or �vulnerability� 
attached to individual species, or of areas where many species live � particularly with regard 
to the necessity for agreement at a multi-national level, such as the need to ensure that 
migratory species can safely travel and survive throughout their natural migratory range. The 
obligation to maintain biological diversity (within species, amongst species, and amongst 
habitats), which was a major component of the Rio Convention [United Nations, 1992], and 
supported by targeted commitments at the World Summit on Sustainable Development in 
Johannesburg [United Nations, 2002a] can thus be regarded as a direct consequence of 
holding a purely anthropocentric view � because humans may ultimately benefit as a result � 
or a reflection of either a biocentric or an ecocentric view. Indeed, such is the urgency of this 
task that in 2002 a Johannesburg Plan of Implementation was drawn up that contains 
commitments to reduce biodiversity loss by 2010; to restore fisheries to their maximum 
sustainable yields by 2015; and to establish a representative network of marine protected 
areas by 2012. 

The IAEA study has also brought attention to another feature of the 1992 Rio Declaration, 
and that is the explicit responsibility to ensure that activities within national jurisdiction or 
control do not cause damage to the environment of other states. This, in turn, reflects the 
general principal of environmental justice: the need to take account of the fact that inequity 
can and does arise between the distribution of what might be termed �environmental benefits 
and harm�. Such inequity can occur across time (i.e. between generations), space (e.g. local, 
national or international distribution) and amongst economic and cultural groups (e.g., public 
and industry interests, sex and race). Where such differences obtain, it is expected that they be 
addressed either by redistributing the benefits, or by compensating for the harm. Such actions 
are, admittedly, more about how one goes about achieving environmental protection than 
defining what it actually is; but the concepts behind them are very important. 

The imbalance of benefits and harm across national borders (such as trans-boundary 
pollution) is also relevant to the concept of distributive justice (or injustice); and the need for 
restitution or compensation for such pollution is relevant to the concept of retributive justice. 
It is also relevant to note that inherent in both concepts is the implicit ability to quantify 
damage to the environment, plus the moral need to restore it, or to compensate in some other 
way, when it has been damaged. The FASSET study therefore needs to keep this quantitative 
aspect in mind. A further analysis of these issues is being made, particularly with regard to 
drawing comparisons with other forms of pollution control. 

2.2 International guidance 
Many legal requirements already exist at national and international level with respect to the 
protection of the natural environment. The question is therefore really one of: how do we 
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demonstrate that we are providing the appropriate level of protection, in order to comply with 
existing or anticipated environmental legislation?  

There are now many multi-lateral environmental agreements (MEAs) that legally frame the 
conservation aspects of environmental protection. Initially these were single-issue 
agreements, but the more recent ones have been more holistic in content and have been drawn 
up with the intention of supplementing � rather than replacing � earlier ones. Such agreements 
have a long history and reflect changing attitudes and improved scientific understanding. The 
first were essentially designed to regulate the exploitation of wildlife � such as fish, or even 
birds � and to maintain their economic utility, rather than to protect them for their own sake. 

The focus of attention then turned to the need to protect endangered species, particularly from 
killing by any means, or from their removal from specific areas, or with respect to trading in 
them or in products derived from them. More recently such approaches have been 
supplemented by actions to protect the habitats of such species, particularly with regard to 
their breeding and feeding grounds and, where relevant, their feeding and resting grounds 
during migration. Indeed, the shift is now towards a more generalised protection of large 
environmental areas that are inclusive of the needs of both people and their �natural� wildlife, 
rather than one of creating small and isolated pockets of the natural environment in order to 
protect specific aspects of fauna and flora � although both approaches still exist. 

Many of the early MEAs were concerned with the marine environment and these also led to 
the creation of agreements with respect to �regional� seas. There are now (in 2000) some nine 
Regional Seas� Conventions plus thirteen regional �Action Plans�. 

A major shift away from �conservation� and �sectoral� pollution prevention agreements was 
that of the UN Conference on Environment and Development (UNCED) held in Rio de 
Janeiro in 1992 [United Nations, 1992]. A new Convention on Biological Diversity was also 
introduced that seeks to bring together issues relating to land use, fisheries management, and 
the needs of nature conservation, and to do so in new and sustainable ways. The Rio 
successor, the World Summit on Sustainable Development in Johannesburg, aimed to 
consolidate the intentions expressed within the Rio declaration and Agenda 21 into concrete 
implementation mechanisms incorporating targets and timetables. The final �Plan of 
Implementation� [United Nations, 2002b], contained a number of sections relevant for 
FASSET including a long-debated section (22) on �chemicals�: 

‘Renew the commitment, as advanced in Agenda 21, to sound management of 
chemicals throughout their life cycle and of hazardous wastes for sustainable 
development and for the protection of human health and the environment, inter 
alia, aiming to achieve by 2020 that chemicals are used and produced in ways 
that lead to the minimization of significant adverse effects on human health and 
the environment, using transparent science-based risk assessment procedures and 
science-based risk management procedures, taking into account the precautionary 
approach, as set out in principle 15 of the Rio Declaration on Environment and 
Development, and support developing countries in strengthening their capacity 
for the sound management of chemicals and hazardous wastes by providing 
technical and financial assistance.’ [United Nations, 2002b] 
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And a very specific section (33.bis) on radioactive wastes:  

‘Governments, taking into account their national circumstances, are encouraged, 
recalling paragraph 8 of resolution GC (44)/RES/17 of the General Conference of 
the International Atomic Energy Agency (IAEA) and taking into account the very 
serious potential for environment and human health impacts of radioactive 
wastes, to make efforts to examine and further improve measures and 
internationally agreed regulations regarding safety, while stressing the 
importance of having effective liability mechanisms in place, relevant to 
international maritime transportation and other transboundary movement of 
radioactive material, radioactive waste and spent fuel, including, inter alia, 
arrangements for prior notification and consultations done in accordance with 
relevant international instruments.’ [United Nations, 2002b] 

Such differences of opinion are to be expected at this level of �legal� debate, and it is therefore 
important to note that the MEAs themselves are effectively �soft� laws in that they are not, 
generally, strictly enforceable. Their implementation is therefore usually via national 
legislation that draws up the regulatory measures necessary to meet the objectives of the 
MEAs; these, in turn, usually result in �hard� criminal law. Within the European Union the 
requirements of international conventions may be reflected within the Directives and other 
legal constraints set by the European Commission, and these requirements may then be 
enforced across all or any of the European Union member states. 

As well as measures taken specifically to conserve particular species or ecological niches, 
there is an increasing trend to �designate� large areas of land or sea in one way or another. The 
International Union for the Conservation of Nature (IUCN) uses the following classification 
system: 

• scientific reserve, strict nature reserve; 
• national park; 
• natural monument, natural landmark; 
• managed nature reserve, wildlife sanctuary; and 
• protected landscape or seascape. 

Within the framework of MEAs, the conventions that include provision for the designation of 
such protected areas in an international context are: 

• Convention on Wetlands of International Importance (Ramsar, 1971); 
• Convention on the Protection of the World Cultural and Natural Heritage (Paris, 1972); 

and 
• Convention on the Conservation of Migratory Species of Wild Animals (Bonn, 1979). 
Within the European Union, more specific measures now apply. The EC Wild Birds Directive 
[EC, 1979] not only protects a large number of birds themselves but areas upon which they 
are dependent � the Special Protection Areas (SPAs). Similarly, The EC Habitats Directive 
[EC, 1992], building upon the earlier Berne Convention on the Conservation of European 
Wildlife, identifies species and habitats of special interest that should be maintained or 
restored to favourable conservation status. Some 168 habitat types are listed, of which 42 are 
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considered to be a special responsibility of the EU because a significant part of their natural 
range occurs within the Community. The Directive requires the designation of Special Areas 
of Conservation (SACs). The SPAs plus the SACs are collectively referred to as a network of 
sites of Community interest � the Natura 2000 sites. The EC Habitats Directive [EC, 1992] 
also lists a very large number of animals and plants for which SACs need to be designated. 

The aquatic environment has, for a long time, received special attention within Europe, as 
well as in a worldwide context. Apart from the many international conventions relating to 
pollution prevention of the marine environment generally � from dumping, from pollution 
from land-based sources at a regional level, to pollution from specific pollutants in any 
context � a considerable amount of conservation legislation has been introduced with respect 
to various forms of aquatic wildlife, particularly seals and whales, and of trade in their 
products. But of more specific interest here, however, are the specific measures that were 
taken via the EC�s Freshwater Fish Directive [1978] to introduce water quality standards to 
ensure that different freshwater fish populations could thrive. Some of these standards (e.g. 
for Zn) were higher than those required of water to be abstracted for drinking water.  

More recently many of the various EC water-related directives have been drawn together into 
a broad �Water Framework� Directive [2000], based on the management of river basins and 
their adjacent marine areas. This Directive requires further designations to be made within 
member states with regard to surface waters � designations that embody concepts such as 
biological quality and ecological status.  

Collectively, therefore, considerable areas of land (or sea) may be designated in one way or 
another with regard to their conservation status under trans-national (European) law, in 
addition to which many areas may be further designated at a national level. These are not 
small isolated areas: they can represent significant fractions (e.g. a quarter of Austria in 1994) 
of national territory, and these are continuing to grow. The full set of Natura 2000 sites, for 
example, has yet to be agreed. And across Europe a very large number of species of animals 
or plants, wherever they occur, are afforded protection under European or national law. 

The interface between the requirements of all of these various �protected habitats� and 
�protected species�, and the numerous human activities that can affect them is, admittedly, an 
ill thought out but still a developing one. The conservation legislation has largely provided for 
the protection of fauna and flora from �harm� via direct human interference � the taking, 
maiming or killing of individual animals (including their unborn) and plants, or the deliberate 
physical destruction of their habitats. Their protection from �pollution� has traditionally been 
catered for via legislation placed on emissions from specific industries, or on specific groups 
of �hazardous� chemicals (e.g. pesticides and heavy-metals) via the setting of environmental 
quality standards.  

The standards themselves may have been derived to protect fauna and flora (as is usually the 
case for the aquatic environment), or humans (as is usually the case for air quality), or both. 
With regard to the former, the standards have usually been derived on the basis of their 
�toxicity� to �batches� of test organisms. As such, they essentially apply to �individuals�. 
Perhaps the best-known example is, again, that of the EC Freshwater Fish Directive [EC, 
1978] where different standards apply to different �types� of freshwater fish waters � 
salmonid and cyprinid. A lack of compliance here is based on failure to meet the relevant 
(chemical) standards.  
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But criminal offences for �causing or permitting� pollution of aquatic environments that are 
subject to legislative control may also usually be brought merely by providing conclusive 
evidence that links a substance or activity with the death, distress, or injury of an unspecified 
number (or type) of fauna and flora. And increasingly the trend in �pollution prevention� and 
�water management� legislation is that of a more general requirement not to cause �harm� and 
the need to take steps, in advance � by way of environmental impact assessments and so on � 
to reduce the chances of causing �harm� to the environment. It is then for the Courts to 
adjudge whether or not �harm� has been caused or permitted in any particular case or in any 
particular circumstances. Similarly, the requirements of conservation and habitat protection 
are based on the absence of the risk of �harm�, or of causing or permitting damage, or by the 
�absence� of �pollutants� � a criterion often met by reference to compliance with relevant 
environmental quality standards. 

It is in this respect, therefore, that the control of radionuclides � based entirely on human 
criteria and standards � is inadequate. And the situation will get worse. Within the EU a 
number of requirements are arising that cannot easily be met without some form of direct 
assessment of the effects of radiation on wildlife. These include: 

• The Oslo/Paris Convention (OSPARCOM)�s requirements (with respect to the prevention 
of pollution of the northeast Atlantic marine environment from land based sources) to 
�undertake the development of environmental quality criteria for the protection of the 
marine environment from adverse effects of radioactive substances and report on progress 
by year 2003� (Sintra, 1998). 

• The new EC [2000] Water Framework Directive to protect the ecology of surface waters 
with respect to classes or groups of pollutants and �priority hazardous substances�, which 
include �substances � which have been proved to possess carcinogenic or mutagenic 
properties or properties which may affect � reproduction or other endocrine related 
functions in or via the aquatic environment�.  

• The need to meet conservation criteria that are required before consents can be issued for 
any activities that are potentially damaging with respect to SPAs and SACs (Natura 2000) 
sites, or other sites that are �listed� in one way or another. 
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3. Systems for environmental assessment and 
management – brief overview and ‘synthesis’ 

3.1 Brief overview of ‘systems’ considered 
Documentation relevant to 20 pathway based �systems� for environmental assessment and 
management, developed within 14 organisations have been considered and reviewed. 

Nine of the pathway based �systems� for environmental assessment that were reviewed deal 
directly with radioactive substances, and are summarised in Table 3-1. Furthermore, eleven 
systems for dealing with risks from hazardous substances have been considered and are 
briefly reviewed in Table 3-2. 

These tables briefly review basic characteristics of the two types of systems considered. More 
details and comparisons of different aspects are provided in Deliverable 2: Part 2. A list of 
acronyms used in the two tables is given below:  

 

 
AECB Atomic Energy Control Board, Canada (now the  

Canadian Nuclear Safety Commission) 

AECL Atomic Energy of Canada Limited 

BIOMASS BIOsphere Modelling and ASSessment programme 

CCME Canadian Council of Ministers of the Environment 

CNSC Canadian Nuclear Safety Commission 

EA UK Environment Agency, United Kingdom 

EU TGD European Union Technical Guidance Document  
(published by the European Chemicals Bureau) 

IAEA International Atomic Energy Agency 

ICRP International Commission on Radiation Protection 

ORNL Oak Ridge National Laboratories, Tennessee, USA 

OSPAR Oslo-Paris Convention for the Protection of the  
Marine Environment of the North-East Atlantic 

RIVM  National Institute of Public Health and Environment, 
Netherlands 

Typhoon Scientific and Production Association �TYPHOON�, Obninsk, 
Russia 

USDOE United States Department of Energy 

USEPA United States Environmental Protection Agency 



FA
SS

E
T

 
24

 
 

C
on

tr
ac

t N
o 

FI
G

E-
C

T-
20

00
-0

01
02

 
   

  

 

T
ab

le
 3

-1
   

Sy
st

em
s f

or
 th

e 
as

se
ss

m
en

t a
nd

 m
an

ag
em

en
t o

f t
he

 e
nv

ir
on

m
en

ta
l e

ff
ec

ts
 o

f r
ad

io
nu

cl
id

es
. 

Sy
st

em
 a

nd
 o

rg
an

is
at

io
n 

D
es

cr
ip

tio
n 

C
ur

re
nt

 d
ev

el
op

m
en

t o
f s

af
et

y 
gu

id
an

ce
 (I

AE
A)

 
Th

e 
IA

EA
 h

as
 in

 re
ce

nt
 y

ea
rs

 o
rg

an
is

ed
 c

on
su

lta
nt

s�
 a

nd
 s

pe
ci

al
is

ts
� m

ee
tin

gs
, i

n 
or

de
r t

o 
as

si
st

 th
e 

Ag
en

cy
 in

 d
ev

el
op

in
g 

its
 a

pp
ro

ac
h 

to
 

en
vi

ro
nm

en
ta

l a
ss

es
sm

en
t a

nd
 p

ro
te

ct
io

n.
 T

he
 a

ct
iv

iti
es

 h
av

e 
re

su
lte

d 
in

 p
ub

lic
at

io
n 

of
 T

EC
D

O
C

s 
10

91
 [I

AE
A,

 1
99

9]
 (r

ev
ie

w
in

g 
en

vi
ro

nm
en

ta
l a

pp
ro

ac
he

s 
in

 g
en

er
al

 a
nd

 u
se

d 
in

 d
iff

er
en

t m
em

be
r s

ta
te

s)
 a

nd
 1

27
0 

[IA
EA

, 2
00

2]
 (o

n 
th

e 
et

hi
ca

l b
as

is
 fo

r e
nv

iro
nm

en
ta

l 
pr

og
ra

m
m

es
). 

Th
e 

Ag
en

cy
 is

 c
on

tin
ui

ng
 it

s 
w

or
k 

in
 o

rd
er

 to
 c

om
e 

up
 w

ith
 g

ui
de

lin
es

 a
s 

to
 e

xp
os

ur
e 

an
al

ys
is

, e
ffe

ct
s 

an
al

ys
is

, a
nd

 
do

si
m

et
ric

 c
on

si
de

ra
tio

ns
, a

im
in

g 
at

 p
ub

lic
at

io
n 

w
ith

in
 th

e 
Ag

en
cy

�s
 S

af
et

y 
St

an
da

rd
s.

 

BI
O

M
AS

S 
pr

oj
ec

t (
IA

EA
) 

Th
em

e 
1 

of
 th

e 
BI

O
M

AS
S 

pr
oj

ec
t h

as
 d

ev
el

op
ed

 a
n 

ap
pr

oa
ch

 fo
r i

de
nt

ify
in

g 
th

e 
as

su
m

pt
io

ns
 a

nd
 h

yp
ot

he
se

s 
re

le
va

nt
 to

 th
e 

de
fin

iti
on

 o
f 

bi
os

ph
er

es
 fo

r p
ra

ct
ic

al
 ra

di
ol

og
ic

al
 a

ss
es

sm
en

t o
f r

el
ea

se
s 

of
 ra

di
on

uc
lid

es
 in

 th
e 

lo
ng

 te
rm

 [I
AE

A,
 2

00
1]

. T
he

 a
pp

lic
at

io
n 

of
 th

is
 a

pp
ro

ac
h 

is
 in

te
nd

ed
 to

 p
ro

vi
de

 c
on

si
st

en
cy

 b
et

w
ee

n 
as

se
ss

m
en

ts
. A

 s
ub

se
t o

f e
xa

m
pl

e 
as

se
ss

m
en

t b
io

sp
he

re
s 

ha
s 

be
en

 d
ev

el
op

ed
. A

 n
um

be
r o

f 
ta

sk
 g

ro
up

s 
w

er
e 

fo
rm

ed
 to

 w
or

k 
on

 th
e 

fo
llo

w
in

g 
as

pe
ct

s 
of

 th
e 

de
ve

lo
pm

en
t o

f r
ef

er
en

ce
 b

io
sp

he
re

s:
 P

rin
ci

pl
es

 fo
r t

he
 d

ef
in

iti
on

 o
f c

rit
ic

al
 

an
d 

ot
he

r e
xp

os
ur

e 
gr

ou
ps

; P
rin

ci
pl

es
 fo

r t
he

 a
pp

lic
at

io
n 

of
 d

at
a 

to
 a

ss
es

sm
en

t m
od

el
s;

 C
on

si
de

ra
tio

n 
of

 a
lte

rn
at

iv
e 

as
se

ss
m

en
t c

on
te

xt
s;

 
Bi

os
ph

er
e 

sy
st

em
 id

en
tif

ic
at

io
n 

an
d 

ju
st

ifi
ca

tio
n;

 B
io

sp
he

re
 s

ys
te

m
 d

es
cr

ip
tio

ns
; M

od
el

 d
ev

el
op

m
en

t. 
So

m
e 

of
 th

e 
co

nc
lu

si
on

s 
an

d 
m

et
ho

do
lo

gi
es

 d
ev

el
op

ed
 w

ith
in

 B
IO

M
AS

S 
ap

pe
ar

 p
ar

tic
ul

ar
ly

 im
po

rta
nt

 to
 c

ar
ry

 fo
rw

ar
d 

w
ith

in
 F

AS
SE

T.
 A

 w
or

ks
ho

p 
w

as
 o

rg
an

is
ed

 in
 

St
oc

kh
ol

m
 3

0�
31

 O
ct

ob
er

 2
00

1 
be

tw
ee

n 
FA

SS
ET

 a
nd

 B
IO

M
AS

S 
pa

rtn
er

s,
 to

 d
is

cu
ss

 th
es

e 
is

su
es

 [F
AS

SE
T,

 2
00

1a
]. 

Ta
sk

 G
ro

up
 o

n 
En

vi
ro

nm
en

ta
l 

Pr
ot

ec
tio

n 
(IC

R
P)

 
Th

e 
cu

rre
nt

 R
ec

om
m

en
da

tio
ns

 fr
om

 th
e 

C
om

m
is

si
on

 [I
C

R
P,

 1
99

1]
 o

nl
y 

co
ns

id
er

 th
e 

en
vi

ro
nm

en
t a

s 
an

 e
xp

os
ur

e 
pa

th
w

ay
 fo

r h
um

an
ki

nd
, 

no
t a

s 
pe

r s
e 

a 
ta

rg
et

 fo
r p

ro
te

ct
iv

e 
ac

tio
ns

. T
he

 IC
R

P 
ha

s 
as

 p
ar

t o
f i

ts
 o

ng
oi

ng
 re

vi
si

on
 o

f t
he

 b
as

ic
 R

ec
om

m
en

da
tio

ns
 e

st
ab

lis
he

d 
a 

Ta
sk

 
G

ro
up

 o
n 

En
vi

ro
nm

en
ta

l P
ro

te
ct

io
n,

 w
hi

ch
 w

ill 
re

po
rt 

to
 th

e 
M

ai
n 

C
om

m
is

si
on

 fo
r i

nc
or

po
ra

tio
n 

of
 e

nv
iro

nm
en

ta
l i

ss
ue

s 
in

 th
e 

ne
w

 
R

ec
om

m
en

da
tio

ns
 (d

ue
 2

00
5)

. A
 re

fe
re

nc
e 

ap
pr

oa
ch

, s
im

ila
r t

o 
th

e 
re

fe
re

nc
e 

m
an

 c
on

ce
pt

, i
s 

be
in

g 
de

ve
lo

pe
d,

 a
nd

 a
 c

on
se

qu
en

ce
 

an
al

ys
is

 b
as

ed
 o

n 
co

ns
id

er
at

io
n 

le
ve

ls
 (r

ad
ia

tio
n 

do
se

 ra
te

s 
re

la
tiv

e 
to

 b
ac

kg
ro

un
d 

le
ve

ls
) g

ui
di

ng
 a

ct
io

ns
 to

 p
ro

te
ct

 th
e 

en
vi

ro
nm

en
t i

s 
be

in
g 

di
sc

us
se

d 
[IC

R
P,

 2
00

2]
. 

A 
gr

ad
ed

 a
pp

ro
ac

h 
fo

r e
va

lu
at

in
g 

ra
di

at
io

n 
do

se
s 

to
 a

qu
at

ic
 a

nd
 

te
rre

st
ria

l b
io

ta
 (U

SD
O

E)
 

Th
is

 te
ch

ni
ca

l s
ta

nd
ar

d 
pr

ov
id

es
 m

et
ho

ds
 a

nd
 g

ui
da

nc
e 

th
at

 th
e 

U
S 

D
ep

ar
tm

en
t o

f E
ne

rg
y 

an
d 

its
 c

on
tra

ct
or

s 
m

ay
 u

se
 to

 e
va

lu
at

e 
do

se
s 

of
 

io
ni

si
ng

 ra
di

at
io

n 
to

 p
op

ul
at

io
ns

 o
f a

qu
at

ic
 a

ni
m

al
s,

 te
rre

st
ria

l p
la

nt
s 

an
d 

te
rre

st
ria

l a
ni

m
al

s 
fro

m
 D

O
E 

ac
tiv

iti
es

 a
nd

 o
ff-

no
rm

al
 e

ve
nt

s 
fo

r 
th

e 
pu

rp
os

e 
of

 d
em

on
st

ra
tin

g 
co

m
pl

ia
nc

e 
w

ith
 a

pp
lic

ab
le

 d
os

e 
lim

its
, b

as
ed

 o
n 

pr
ev

io
us

 IA
EA

 re
vi

ew
s 

[IA
EA

, 1
99

2]
. A

 s
cr

ee
ni

ng
 m

et
ho

d 
an

d 
th

re
e 

m
or

e 
de

ta
ile

d 
an

al
ys

is
 m

et
ho

ds
 a

re
 p

ro
vi

de
d,

 to
ge

th
er

 w
ith

 s
of

tw
ar

e 
to

 s
up

po
rt 

as
se

ss
m

en
ts

, R
ES

R
AD

-B
IO

TA
 [U

SD
O

E,
 2

00
0]

. 

Ap
pr

oa
ch

 fo
r a

ss
es

sm
en

t o
f t

he
 

im
pa

ct
 o

f i
on

is
in

g 
ra

di
at

io
n 

on
 

w
ild

lif
e 

(E
A 

U
K,

 in
 c

ol
la

bo
ra

tio
n 

w
ith

 E
ng

lis
h 

N
at

ur
e)

 

Th
is

 re
po

rt 
m

ak
es

 re
co

m
m

en
da

tio
ns

 o
n 

an
 a

pp
ro

ac
h 

to
 a

ss
es

s 
th

e 
im

pa
ct

s 
on

 w
ild

lif
e 

of
 io

ni
si

ng
 ra

di
at

io
n 

fro
m

 a
ut

ho
ris

ed
 d

is
ch

ar
ge

s 
in

 
En

gl
an

d 
an

d 
W

al
es

. T
he

 a
ss

es
sm

en
t a

pp
ro

ac
h 

is
 g

en
er

ic
 a

nd
 fo

cu
se

s 
on

 th
re

e 
ec

os
ys

te
m

s 
re

pr
es

en
ta

tiv
e 

of
 th

os
e 

co
ns

id
er

ed
 p

ot
en

tia
lly

 
m

os
t a

t r
is

k 
fro

m
 th

e 
im

pa
ct

 o
f a

ut
ho

ris
ed

 ra
di

oa
ct

iv
e 

di
sc

ha
rg

es
: a

 c
oa

st
al

 g
ra

ss
la

nd
, e

st
ua

rin
e 

an
d 

fre
sh

w
at

er
 e

co
sy

st
em

s.
 A

 s
pr

ea
ds

he
et

 
ca

lc
ul

at
io

n 
to

ol
 to

 c
al

cu
la

te
 d

os
es

 s
up

po
rts

 th
e 

as
se

ss
m

en
ts

. A
 c

rit
er

io
n 

ba
se

d 
on

 5
 %

 o
f t

he
 IA

EA
 �s

af
e�

 le
ve

ls
 [I

AE
A,

 1
99

2]
 is

 
re

co
m

m
en

de
d 

[C
op

pl
es

to
ne

 e
t a

l.,
 2

00
1;

 E
nv

iro
nm

en
t A

ge
nc

y,
 2

00
2]

. 



FA
SS

E
T

 
25

 
 

C
on

tr
ac

t N
o 

FI
G

E-
C

T-
20

00
-0

01
02

 
   

  

 

T
ab

le
 3

-1
   

(c
on

tin
ue

d)
 

Sy
st

em
 a

nd
 o

rg
an

is
at

io
n 

D
es

cr
ip

tio
n 

R
is

k 
as

se
ss

m
en

t o
f r

el
ea

se
s 

of
 

ra
di

on
uc

lid
es

 fr
om

 n
uc

le
ar

 
fa

ci
lit

ie
s 

(C
N

SC
) 

Th
e 

im
pa

ct
 o

f t
he

 re
le

as
e 

of
 ra

di
on

uc
lid

es
 fr

om
 n

uc
le

ar
 fa

ci
lit

ie
s 

on
 n

on
-h

um
an

 b
io

ta
 w

as
 a

ss
es

se
d 

ac
co

rd
in

g 
to

 th
e 

gu
id

an
ce

 fo
r 

co
nd

uc
tin

g 
en

vi
ro

nm
en

ta
l a

ss
es

sm
en

ts
 o

f p
rio

rit
y 

su
bs

ta
nc

es
 d

ev
el

op
ed

 b
y 

En
vi

ro
nm

en
t C

an
ad

a.
 T

he
 p

ro
ce

ss
es

 in
cl

ud
ed

 in
 th

e 
as

se
ss

m
en

t a
re

 th
e 

m
in

in
g 

of
 u

ra
ni

um
 o

re
, m

illi
ng

 o
f t

he
 o

re
 to

 p
ro

du
ce

 y
el

lo
w

ca
ke

, u
ra

ni
um

 re
fin

in
g 

an
d 

co
nv

er
si

on
, f

ue
l f

ab
ric

at
io

n,
 

nu
cl

ea
r p

ow
er

 g
en

er
at

io
n 

an
d 

nu
cl

ea
r w

as
te

 m
an

ag
em

en
t. 

Th
e 

as
se

ss
m

en
t c

on
si

de
rs

 th
e 

ch
em

ot
ox

ic
ity

 o
f u

ra
ni

um
 a

s 
w

el
l a

s 
its

 
ra

di
ot

ox
ic

ity
 [E

nv
iro

nm
en

t C
an

ad
a 

an
d 

H
ea

lth
 C

an
ad

a,
 2

00
0]

. 

R
ad

io
lo

gi
ca

l B
en

ch
m

ar
ks

 fo
r 

Sc
re

en
in

g 
C

on
ta

m
in

an
ts

 o
f 

Po
te

nt
ia

l c
on

ce
rn

 fo
r E

ffe
ct

s 
on

 
Aq

ua
tic

 b
io

ta
 (O

R
N

L)
 

 

Th
es

e 
be

nc
hm

ar
k 

va
lu

es
 a

re
 in

te
nd

ed
 fo

r u
se

 in
 th

e 
sc

re
en

in
g 

pr
oc

es
s 

in
 o

rd
er

 to
 d

et
er

m
in

e 
w

he
th

er
 c

on
ta

m
in

an
ts

 w
ar

ra
nt

 fu
rth

er
 

as
se

ss
m

en
t o

r a
re

 a
t a

 le
ve

l t
ha

t r
eq

ui
re

s 
no

 fu
rth

er
 a

tte
nt

io
n.

 T
he

 b
en

ch
m

ar
k 

va
lu

es
 d

iff
er

 fr
om

 th
os

e 
pr

es
en

te
d 

by
 O

R
N

L 
fo

r n
on

-
ra

di
oa

ct
iv

e 
co

nt
am

in
an

ts
 in

 th
at

 th
e 

be
nc

hm
ar

ks
 a

re
 c

al
cu

la
te

d 
fro

m
 a

n 
ac

ce
pt

ab
le

 d
os

e 
ra

te
 to

 n
at

ur
al

 p
op

ul
at

io
ns

 o
f a

qu
at

ic
 b

io
ta

. B
ot

h 
w

at
er

 a
nd

 s
ed

im
en

t s
cr

ee
ni

ng
 b

en
ch

m
ar

ks
 a

re
 b

as
ed

 o
n 

th
e 

do
se

 to
 fi

sh
, r

at
he

r t
ha

n 
be

nt
hi

c 
in

ve
rte

br
at

es
, a

s 
ve

rte
br

at
es

 a
re

 a
ss

um
ed

 to
 

be
 m

or
e 

ra
di

os
en

si
tiv

e 
th

an
 in

ve
rte

br
at

es
 (b

as
ed

 o
n 

co
nc

lu
si

on
s 

of
 th

e 
N

C
R

P 
[N

C
R

P,
 1

99
1]

). 
Th

er
e 

ar
e 

tw
o 

su
ite

s 
of

 b
en

ch
m

ar
ks

 fo
r w

at
er

 
an

d 
se

di
m

en
t: 

th
os

e 
th

at
 c

on
si

de
r e

xp
os

ur
es

 fr
om

 o
nl

y 
on

e 
m

ed
iu

m
 a

nd
 th

os
e 

th
at

 in
co

rp
or

at
e 

ex
po

su
re

s 
fro

m
 m

ul
tip

le
 m

ed
ia

 [O
R

N
L,

 
19

98
]. 

Ec
ol

og
ic

al
 a

pp
ro

ac
h 

to
 

es
ta

bl
is

hi
ng

 d
os

e 
cr

ite
ria

 to
 b

io
ta

 
(S

PA
 �T

YP
H

O
O

N
�) 

In
 th

is
 a

pp
ro

ac
h,

 p
rim

ar
y,

 g
en

er
ic

 d
os

e 
lim

its
 a

re
 e

st
ab

lis
he

d 
on

 th
e 

ba
si

s 
of

 a
va

ila
bl

e 
in

fo
rm

at
io

n 
ab

ou
t t

he
 h

ar
m

fu
l e

ffe
ct

s 
of

 ra
di

at
io

n 
on

 
di

ffe
re

nt
 s

pe
ci

es
 o

f o
rg

an
is

m
s,

 ta
ki

ng
 in

to
 a

cc
ou

nt
 b

ac
kg

ro
un

d 
do

se
s.

 D
os

e 
lim

its
 a

re
 e

st
ab

lis
he

d 
fo

r a
 n

um
be

r o
f g

ro
up

s 
of

 s
pe

ci
es

. 
Se

co
nd

ar
y 

(s
ite

-s
pe

ci
fic

) d
os

e 
lim

its
 a

re
 a

da
pt

at
io

ns
 o

f t
he

 g
en

er
ic

 d
os

e 
lim

its
, t

ak
in

g 
in

to
 a

cc
ou

nt
 o

th
er

 s
tre

ss
 fa

ct
or

s 
th

at
 th

e 
or

ga
ni

sm
s 

ar
e 

su
bj

ec
t t

o.
 T

hr
ee

 s
tre

ss
 fa

ct
or

s 
ar

e 
us

ed
 to

 e
va

lu
at

e 
th

e 
st

re
ss

 fo
r p

op
ul

at
io

ns
 a

ss
oc

ia
te

d 
w

ith
 th

e 
lo

ca
l e

nv
iro

nm
en

t, 
cl

im
at

ic
 

co
nd

iti
on

s,
 d

ire
ct

 a
nt

hr
op

og
en

ic
 s

tre
ss

 a
nd

 n
at

ur
al

 s
tre

ss
. I

n 
th

is
 a

pp
ro

ac
h,

 th
e 

as
se

ss
m

en
t i

s 
ca

rri
ed

 o
ut

 fo
r s

pe
ci

es
 a

nd
 s

el
ec

te
d 

fro
m

 th
e 

fo
llo

w
in

g 
ca

te
go

rie
s:

 k
ey

 s
pe

ci
es

, c
rit

ic
al

 p
op

ul
at

io
ns

 (p
op

ul
at

io
ns

 s
ub

je
ct

ed
 to

 th
e 

hi
gh

es
t r

ad
ia

tio
n 

do
es

 ra
te

s)
, t

hr
ea

te
ne

d/
en

da
ng

er
ed

 
sp

ec
ie

s,
 e

co
no

m
ic

al
ly

/c
ul

tu
ra

lly
 im

po
rta

nt
 s

pe
ci

es
, a

nd
 ra

re
/re

lic
t s

pe
ci

es
. I

t i
s 

re
co

gn
is

ed
 th

at
 w

hi
le

 s
cr

ee
ni

ng
 le

ve
l a

ss
es

sm
en

ts
 m

ay
 in

 
m

an
y 

ca
se

s 
be

 s
uf

fic
ie

nt
 fo

r t
yp

ic
al

 (c
om

m
on

) e
co

sy
st

em
s,

 m
or

e 
de

ta
ile

d 
as

se
ss

m
en

ts
 w

ill 
be

 re
qu

ire
d 

fo
r s

pe
ci

al
 (u

ni
qu

e)
 e

co
sy

st
em

s 
[S

az
yk

in
a 

& 
Kr

ys
he

v,
 1

99
8]

. 

M
et

ho
d 

to
 a

ss
es

s 
en

vi
ro

nm
en

ta
l 

ac
ce

pt
ab

ilit
y 

of
 re

le
as

es
 o

f 
ra

di
on

uc
lid

es
 fr

om
 n

uc
le

ar
 

fa
ci

lit
ie

s 
(A

EC
L)

 

Th
is

 m
et

ho
d,

 w
hi

ch
 w

as
 d

ev
el

op
ed

 to
 e

va
lu

at
e 

th
e 

po
te

nt
ia

l o
f r

ad
io

nu
cl

id
e 

re
le

as
es

 to
 h

ar
m

 th
e 

en
vi

ro
nm

en
t, 

ha
s 

fo
ur

 s
te

ps
. I

n 
th

e 
se

co
nd

 
st

ep
, p

re
di

ct
ed

 o
r m

ea
su

re
d 

ra
di

on
uc

lid
e 

co
nc

en
tra

tio
ns

 in
 s

oi
l, 

w
at

er
 a

nd
 a

ir 
ar

e 
co

m
pa

re
d 

to
 e

nv
iro

nm
en

ta
l i

nc
re

m
en

t (
EI

) v
al

ue
s 

fo
r e

ac
h 

ra
di

on
uc

lid
e.

 T
he

 E
I v

al
ue

s 
ar

e 
ba

se
d 

m
ai

nl
y 

in
 n

at
ur

al
 v

ar
ia

bi
lit

y 
an

d 
ar

e 
us

ef
ul

 fo
r s

cr
ee

ni
ng

 p
ot

en
tia

lly
 u

na
cc

ep
ta

bl
e 

co
nc

en
tra

tio
ns

, 
de

fin
ed

 b
y 

a 
le

ve
l >

 1
 s

ta
nd

ar
d 

de
vi

at
io

n 
ab

ov
e 

th
e 

m
ea

n.
 In

 th
e 

th
ird

 s
ta

ge
, r

ad
io

lo
gi

ca
l d

os
es

 a
re

 c
al

cu
la

te
d 

to
 g

en
er

ic
 ta

rg
et

 o
rg

an
is

m
s 

an
d 

co
m

pa
re

d 
to

 a
 d

os
e 

cr
ite

rio
n.

 T
he

 fo
ur

th
 s

te
p 

is
 a

n 
in

-d
ep

th
 a

ss
es

sm
en

t, 
w

hi
ch

 w
ou

ld
 o

nl
y 

be
 re

qu
ire

d 
if 

do
se

s 
to

 th
e 

ge
ne

ric
 ta

rg
et

 
or

ga
ni

sm
s 

ex
ce

ed
 th

e 
cr

ite
rio

n 
[A

m
iro

 &
 Z

ac
h,

 1
99

3]
. 



FA
SS

E
T

 
26

 
 

C
on

tr
ac

t N
o 

FI
G

E-
C

T-
20

00
-0

01
02

 
   

  

 

T
ab

le
 3

-2
   

Sy
st

em
s f

or
 th

e 
as

se
ss

m
en

t a
nd

 m
an

ag
em

en
t o

f t
he

 e
nv

ir
on

m
en

ta
l e

ff
ec

ts
 o

f h
az

ar
do

us
 su

bs
ta

nc
es

. 

Sy
st

em
 a

nd
 o

rg
an

is
at

io
n 

D
es

cr
ip

tio
n 

Ec
ot

ox
ic

ol
og

ic
al

 c
rit

er
ia

 fo
r t

he
 

ch
ar

ac
te

ris
at

io
n 

of
 h

az
ar

do
us

 
w

as
te

 (B
as

el
 C

on
ve

nt
io

n)
 

Th
is

 s
ys

te
m

 is
 fo

r t
he

 e
va

lu
at

io
n 

of
 th

e 
ha

za
rd

 o
f w

as
te

s,
 b

as
ed

 o
n 

th
e 

in
tri

ns
ic

 p
ro

pe
rti

es
 o

f t
he

 w
as

te
 a

nd
 it

s 
co

ns
tit

ue
nt

s,
 i.

e.
 th

e 
ec

ot
ox

ic
ol

og
ic

al
 h

az
ar

d 
of

 th
e 

m
at

er
ia

l a
nd

 c
he

m
ic

al
 s

ub
st

an
ce

s 
co

nt
ai

ne
d 

in
 th

e 
w

as
te

. T
he

 h
az

ar
d 

ev
al

ua
tio

n 
is

 b
as

ed
 o

n 
th

e 
fo

llo
w

in
g 

ec
ot

ox
ic

ol
og

ic
al

 p
ar

am
et

er
s:

 a
cu

te
 a

nd
 c

hr
on

ic
 to

xi
ci

ty
 (a

qu
at

ic
 a

nd
 te

rre
st

ria
l),

 b
io

ac
cu

m
ul

at
io

n 
po

te
nt

ia
l a

nd
 b

io
de

gr
ad

ab
ili

ty
. T

he
 s

ys
te

m
 

pr
op

os
es

 th
re

e 
tie

rs
 o

f a
na

ly
si

s;
 th

e 
fir

st
 b

as
ed

 o
n 

th
e 

es
tim

at
ed

 c
on

te
nt

 o
f h

az
ar

do
us

 s
ub

st
an

ce
s,

 th
e 

se
co

nd
 b

as
ed

 o
n 

ch
em

ic
al

 a
na

ly
si

s 
an

d 
th

e 
th

ird
 b

as
ed

 o
n 

ec
ot

ox
ic

ol
og

ic
al

 te
st

in
g 

of
 le

ac
ha

te
 a

nd
 w

as
te

 [B
as

el
 C

on
ve

nt
io

n,
 1

99
9;

 2
00

1]
. 

Te
ch

ni
ca

l g
ui

da
nc

e 
do

cu
m

en
ts

  
in

 s
up

po
rt 

of
 th

e 
C

om
m

is
si

on
 

D
ire

ct
iv

e 
on

 e
nv

iro
nm

en
ta

l r
is

k 
as

se
ss

m
en

t f
or

 n
ew

, n
ot

ifi
ed

 
su

bs
ta

nc
es

 a
nd

 e
xi

st
in

g 
su

bs
ta

nc
es

 (E
U

-T
G

D
) 

C
om

m
is

si
on

 D
ire

ct
iv

e 
93

/6
7/

EE
C

 [E
C

, 1
99

3]
 a

nd
 C

om
m

is
si

on
 R

eg
ul

at
io

n 
14

88
/9

4 
[E

C
, 1

99
4]

 re
qu

ire
 th

at
 a

 ri
sk

 a
ss

es
sm

en
t b

e 
ca

rri
ed

 o
ut

 
on

 n
ot

ifi
ed

 n
ew

 s
ub

st
an

ce
s 

or
 o

n 
pr

io
rit

y 
ex

is
tin

g 
su

bs
ta

nc
es

. T
hi

s 
te

ch
ni

ca
l g

ui
da

nc
e 

do
cu

m
en

t c
on

ce
rn

s 
th

e 
en

vi
ro

nm
en

ta
l r

is
k 

as
se

ss
m

en
t w

hi
ch

 fo
rm

s 
pa

rt 
of

 th
es

e 
ris

k 
as

se
ss

m
en

ts
. T

he
 ri

sk
 a

ss
es

sm
en

t s
ho

ul
d 

in
cl

ud
e 

ha
za

rd
 id

en
tif

ic
at

io
n,

 d
os

e-
re

sp
on

se
 

as
se

ss
m

en
t, 

ex
po

su
re

 a
ss

es
sm

en
t a

nd
 ri

sk
 c

ha
ra

ct
er

is
at

io
n.

 T
he

 ri
sk

 a
ss

es
sm

en
t s

ho
ul

d 
be

 c
ar

rie
d 

ou
t f

or
 a

ll 
th

re
e 

en
vi

ro
nm

en
ta

l 
co

m
pa

rtm
en

ts
, i

.e
. a

qu
at

ic
 e

nv
iro

nm
en

t, 
te

rre
st

ria
l e

nv
iro

nm
en

t a
nd

 a
ir.

 T
he

 te
ch

ni
ca

l g
ui

da
nc

e 
do

cu
m

en
t i

s 
de

si
gn

ed
 in

 p
ar

t t
o 

us
e 

th
e 

m
in

im
um

 d
at

a 
se

t r
eq

ui
re

d 
fo

r n
ot

ifi
ed

 n
ew

 s
ub

st
an

ce
s 

as
 a

 s
ta

rti
ng

 p
oi

nt
.  

R
is

k 
as

se
ss

m
en

t m
et

ho
do

lo
gy

  
fo

r t
he

 m
ar

in
e 

en
vi

ro
nm

en
t 

(O
SP

AR
) 

O
SP

AR
s 

ris
k 

as
se

ss
m

en
t m

et
ho

do
lo

gy
 is

 a
 d

ev
el

op
m

en
t a

nd
 e

xt
en

si
on

 o
f t

he
 e

xi
st

in
g 

EU
 a

pp
ro

ac
h 

(T
G

D
, s

ee
 a

bo
ve

) f
or

 p
rio

rit
y 

su
bs

ta
nc

es
. T

he
 m

et
ho

do
lo

gy
 is

 a
da

pt
ed

 in
 o

rd
er

 to
 ta

ke
 in

to
 a

cc
ou

nt
 th

e 
lo

ng
-te

rm
 a

cc
um

ul
at

io
n 

of
 h

az
ar

do
us

 s
ub

st
an

ce
s 

in
 p

ar
ts

 o
f t

he
 

m
ar

in
e 

en
vi

ro
nm

en
ts

, t
he

 g
re

at
er

 d
ilu

tio
n 

of
 c

on
ta

m
in

an
ts

 in
 m

ar
in

e 
en

vi
ro

nm
en

ts
 a

nd
 th

e 
ph

ys
ic

al
 a

nd
 c

he
m

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 m

ar
in

e 
en

vi
ro

nm
en

ts
. T

he
 m

et
ho

do
lo

gy
 is

 a
ls

o 
in

te
nd

ed
 to

 a
dd

re
ss

 th
e 

co
nc

er
n 

th
at

 re
m

ot
e 

ar
ea

s 
of

 th
e 

oc
ea

ns
 s

ho
ul

d 
re

m
ai

n 
un

to
uc

he
d 

by
 

ha
za

rd
ou

s 
su

bs
ta

nc
es

 re
su

lti
ng

 fr
om

 h
um

an
 a

ct
iv

ity
. T

he
 ri

sk
 a

ss
es

sm
en

t m
et

ho
do

lo
gy

 in
cl

ud
es

 a
 P

BT
 (p

er
si

st
en

ce
, b

io
ac

cu
m

ul
at

io
n 

an
d 

to
xi

ci
ty

) a
ss

es
sm

en
t u

si
ng

 s
ta

nd
ar

di
se

d 
te

st
s.

 T
he

 m
et

ho
do

lo
gy

 is
 fo

r u
se

 in
 d

ev
el

op
m

en
t o

f O
SP

AR
 b

ac
kg

ro
un

d 
do

cu
m

en
ts

 fo
r p

rio
rit

y 
su

bs
ta

nc
es

 [O
SP

AR
, 2

00
2a

]. 

En
vi

ro
nm

en
ta

l a
ss

es
sm

en
t o

f 
pr

io
rit

y 
su

bs
ta

nc
es

 (E
nv

iro
nm

en
t 

C
an

ad
a)

 

Th
is

 m
an

ua
l p

ro
vi

de
s 

gu
id

an
ce

 fo
r c

on
du

ct
in

g 
en

vi
ro

nm
en

ta
l a

ss
es

sm
en

ts
 o

f p
rio

rit
y 

su
bs

ta
nc

es
 u

nd
er

 th
e 

C
an

ad
ia

n 
En

vi
ro

nm
en

ta
l 

Pr
ot

ec
tio

n 
Ac

t. 
Th

e 
as

se
ss

m
en

t e
st

im
at

es
 a

nd
 d

es
cr

ib
es

 ri
sk

s 
to

 re
ce

pt
or

s 
(e

.g
. p

la
nt

s,
 a

ni
m

al
s)

 e
xp

os
ed

 in
 th

e 
C

an
ad

ia
n 

en
vi

ro
nm

en
t t

o 
pr

io
rit

y 
su

bs
ta

nc
es

. I
t i

nc
or

po
ra

te
s 

th
e 

ch
ar

ac
te

ris
at

io
n 

of
 e

nt
ry

 to
 th

e 
en

vi
ro

nm
en

t, 
ex

po
su

re
 to

 a
nd

 e
ffe

ct
s 

of
 a

 s
ub

st
an

ce
. A

 ti
er

ed
 

ap
pr

oa
ch

 h
as

 b
ee

n 
ad

op
te

d.
 S

ub
st

an
ce

s 
in

di
ca

te
d 

by
 th

e 
as

se
ss

m
en

t t
o 

ha
ve

 o
r p

ot
en

tia
lly

 h
av

e 
an

 im
m

ed
ia

te
 o

r l
on

g-
te

rm
 h

ar
m

fu
l e

ffe
ct

 
on

 th
e 

en
vi

ro
nm

en
t o

r i
ts

 b
io

lo
gi

ca
l d

iv
er

si
ty

 a
re

 c
on

si
de

re
d 

fo
r p

os
si

bl
e 

ris
k 

m
an

ag
em

en
t m

ea
su

re
s 

[E
nv

iro
nm

en
t C

an
ad

a,
 1

99
7]

. 

G
ui

de
lin

es
 fo

r e
co

lo
gi

ca
l r

is
k 

as
se

ss
m

en
t (

U
SE

PA
) 

Th
e 

de
ve

lo
pm

en
t o

f t
he

se
 g

ui
de

lin
es

 w
as

 in
te

nd
ed

 to
 h

el
p 

im
pr

ov
e 

th
e 

qu
al

ity
 a

nd
 c

on
si

st
en

cy
 o

f e
co

lo
gi

ca
l r

is
k 

as
se

ss
m

en
ts

 w
ith

in
 th

e 
U

S 
EP

A.
 T

he
 g

ui
de

lin
es

 c
on

si
de

r t
he

 e
co

lo
gi

ca
l r

is
k 

as
se

ss
m

en
t t

o 
in

cl
ud

e 
th

re
e 

pr
im

ar
y 

ph
as

es
: p

ro
bl

em
 fo

rm
ul

at
io

n,
 a

na
ly

si
s 

an
d 

ris
k 

ch
ar

ac
te

ris
at

io
n.

 B
ec

au
se

 e
co

lo
gi

ca
l r

is
k 

as
se

ss
m

en
ts

 a
re

 u
se

d 
w

ith
in

 th
e 

ris
k 

m
an

ag
em

en
t c

on
te

xt
 to

 e
va

lu
at

e 
hu

m
an

 in
du

ce
d 

ch
an

ge
s,

 
th

e 
gu

id
el

in
es

 fo
cu

s 
on

 e
va

lu
at

io
n 

of
 a

dv
er

se
 e

co
lo

gi
ca

l e
ffe

ct
s 

ge
ne

ra
te

d 
by

 a
nt

hr
op

og
en

ic
 a

ct
iv

ity
. A

n 
as

se
ss

m
en

t m
ay

 in
vo

lv
e 

on
e,

 o
r 

m
or

e,
 c

he
m

ic
al

, p
hy

si
ca

l, 
or

 b
io

lo
gi

ca
l s

tre
ss

or
s 

an
d 

m
ay

 b
e 

ca
rri

ed
 o

ut
 re

tro
sp

ec
tiv

el
y 

(e
ffe

ct
s 

ca
us

ed
 b

y 
pa

st
 e

xp
os

ur
e)

 o
r i

n 
or

de
r t

o 
pr

ed
ic

t t
he

 li
ke

lih
oo

d 
of

 fu
tu

re
 a

dv
er

se
 e

ffe
ct

s 
[U

SE
PA

, 1
99

2,
 1

99
3,

 1
99

8]
. 



FA
SS

E
T

 
27

 
 

C
on

tr
ac

t N
o 

FI
G

E-
C

T-
20

00
-0

01
02

 
   

  

 

T
ab

le
 3

-2
   

(c
on

tin
ue

d)
  

Sy
st

em
 a

nd
 o

rg
an

is
at

io
n 

D
es

cr
ip

tio
n 

Ec
ol

og
ic

al
 s

oi
l s

cr
ee

ni
ng

 
gu

id
an

ce
 (U

SE
PA

) 
Th

is
 g

ui
da

nc
e 

pr
ov

id
es

 a
 s

et
 o

f r
is

k-
ba

se
d 

so
il 

sc
re

en
in

g 
le

ve
ls

 (E
co

-S
SL

s)
 fo

r m
an

y 
of

 th
e 

so
il 

co
nt

am
in

an
ts

 th
at

 a
re

 fr
eq

ue
nt

ly
 o

f 
ec

ol
og

ic
al

 c
on

ce
rn

 fo
r t

er
re

st
ria

l p
la

nt
s 

an
d 

an
im

al
s 

at
 h

az
ar

do
us

 w
as

te
 s

ite
s.

 E
co

-S
SL

s 
ar

e 
sc

re
en

in
g 

va
lu

es
 th

at
 c

an
 b

e 
us

ed
 ro

ut
in

el
y 

to
 

id
en

tif
y 

co
nt

am
in

an
ts

 o
f p

ot
en

tia
l c

on
ce

rn
 in

 s
oi

ls
 re

qu
iri

ng
 fu

rth
er

 e
va

lu
at

io
n 

(i.
e.

 s
oi

ls
 w

hi
ch

, f
ol

lo
w

in
g 

sc
re

en
in

g,
 re

qu
ire

 a
 b

as
el

in
e 

ec
ol

og
ic

al
 ri

sk
 a

ss
es

sm
en

t, 
de

sc
rib

ed
 in

 U
SE

PA
s 

G
ui

de
lin

es
 fo

r e
co

lo
gi

ca
l r

is
k 

as
se

ss
m

en
t. 

Ec
o-

SS
Ls

 a
re

 c
on

ce
nt

ra
tio

ns
 o

f c
on

ta
m

in
an

ts
 

in
 s

oi
ls

 th
at

 a
re

 p
ro

te
ct

iv
e 

of
 e

co
lo

gi
ca

l r
ec

ep
to

rs
 th

at
 c

om
m

on
ly

 c
om

e 
in

to
 c

on
ta

ct
 w

ith
 s

oi
l o

r i
ng

es
t b

io
ta

 th
at

 li
ve

 in
 o

r o
n 

so
il.

 E
co

-S
SL

s 
ar

e 
de

riv
ed

 s
ep

ar
at

el
y 

fo
r f

ou
r g

ro
up

s 
of

 e
co

lo
gi

ca
l r

ec
ep

to
rs

; p
la

nt
s,

 s
oi

l i
nv

er
te

br
at

es
, b

ird
s 

an
d 

m
am

m
al

s.
 E

co
-S

SL
s 

do
 n

ot
 c

on
st

itu
te

 
EP

A 
re

gu
la

tio
ns

, a
nd

 a
re

 th
er

ef
or

e 
no

t l
eg

al
ly

 b
in

di
ng

 re
qu

ire
m

en
ts

 [U
SE

PA
, 2

00
0]

.  

Ec
ot

ox
ic

ol
og

ic
al

 s
cr

ee
ni

ng
 

be
nc

hm
ar

ks
 (O

R
N

L)
 

A 
se

rie
s 

of
 O

R
N

L 
ec

ot
ox

ic
ol

og
ic

al
 s

cr
ee

ni
ng

 b
en

ch
m

ar
k 

va
lu

es
 h

av
e 

be
en

 d
ev

el
op

ed
 o

r o
bt

ai
ne

d 
fo

r t
he

 fo
llo

w
in

g 
ty

pe
s 

of
 e

xp
os

ur
e 

an
d 

cl
as

se
s 

of
 e

nd
po

in
t g

ro
up

s;
 e

xp
os

ur
e 

of
 a

qu
at

ic
 b

io
ta

 to
 c

he
m

ic
al

s 
in

 w
at

er
, e

xp
os

ur
e 

of
 b

en
th

ic
 b

io
ta

 to
 c

he
m

ic
al

s 
in

 s
ed

im
en

ts
, e

xp
os

ur
e 

of
 te

rre
st

ria
l p

la
ns

, s
oi

l i
nv

er
te

br
at

es
 a

nd
 s

oi
l f

un
ct

io
na

l g
ro

up
s 

to
 c

he
m

ic
al

s 
in

 s
oi

l, 
an

d 
ex

po
su

re
 o

f w
ild

lif
e 

to
 c

he
m

ic
al

s 
in

 o
ra

lly
 in

ge
st

ed
 

m
at

er
ia

ls
. T

he
 v

al
ue

s 
w

er
e 

de
ve

lo
pe

d 
us

in
g 

ex
is

tin
g 

da
ta

 a
nd

 m
et

ho
ds

 c
on

si
st

en
t w

ith
 th

e 
pr

ac
tic

es
 o

f t
he

 U
S 

EP
A.

 T
he

 b
en

ch
m

ar
k 

va
lu

es
 

ar
e 

co
nc

en
tra

tio
ns

 o
f c

he
m

ic
al

s 
in

 a
m

bi
en

t m
ed

ia
 th

at
 a

re
 b

el
ie

ve
d 

to
 re

pr
es

en
t a

cc
ep

ta
bl

e 
co

nc
en

tra
tio

ns
 w

ith
 re

sp
ec

t t
o 

se
le

ct
ed

 
ec

ol
og

ic
al

 re
ce

pt
or

s.
 T

he
 b

en
ch

m
ar

ks
 a

re
 in

te
nd

ed
 to

 p
ro

vi
de

 a
 s

et
 o

f c
on

si
st

en
t, 

pe
er

 re
vi

ew
ed

 s
cr

ee
ni

ng
 v

al
ue

s,
 fo

r u
se

 in
 s

cr
ee

ni
ng

 
as

se
ss

m
en

ts
 to

 id
en

tif
y 

co
nt

am
in

an
ts

, m
ed

ia
 a

nd
 re

ce
pt

or
s 

th
at

 m
ay

 b
e 

at
 ri

sk
 a

nd
 re

qu
iri

ng
 fu

rth
er

 in
ve

st
ig

at
io

n.
 T

he
 b

en
ch

m
ar

k 
va

lu
es

 
ar

e 
no

t r
eg

ul
at

or
y 

cr
ite

ria
 [O

R
N

L,
 1

99
6a

, b
; O

R
N

L 
19

97
a,

 b
, c

]. 
 

En
vi

ro
nm

en
ta

l r
is

k 
lim

its
 (R

IV
M

) 
M

ax
im

um
 P

er
m

is
si

bl
e 

C
on

ce
nt

ra
tio

ns
 a

nd
 N

eg
lig

ib
le

 C
on

ce
nt

ra
tio

ns
 a

re
 ri

sk
-b

as
ed

 g
ui

de
lin

e 
co

nc
en

tra
tio

ns
 fo

r s
ub

st
an

ce
s 

in
 s

ur
fa

ce
 

w
at

er
, s

oi
l, 

ai
r, 

gr
ou

nd
w

at
er

 a
nd

 s
ed

im
en

t, 
w

hi
ch

 a
re

 a
pp

lie
d,

 in
 e

nv
iro

nm
en

ta
l p

ol
ic

y 
in

 th
e 

N
et

he
rla

nd
s.

 T
he

 p
ol

ic
y 

of
 s

af
eg

ua
rd

in
g 

ec
os

ys
te

m
s 

ag
ai

ns
t p

ol
lu

ta
nt

s 
is

 b
as

ed
 o

n 
pr

ot
ec

tin
g 

bo
th

 th
e 

st
ru

ct
ur

e 
(th

e 
sp

ec
ie

s)
 a

nd
 fu

nc
tio

ns
 o

f e
co

sy
st

em
s.

 T
he

 N
eg

lig
ib

le
 

C
on

ce
nt

ra
tio

n 
re

pr
es

en
ts

 th
e 

co
nc

en
tra

tio
n 

of
 a

 s
ub

st
an

ce
 b

el
ow

 w
hi

ch
 th

e 
oc

cu
rre

nc
e 

of
 a

dv
er

se
 e

ffe
ct

s 
is

 c
on

si
de

re
d 

to
 b

e 
ne

gl
ig

ib
le

. 
Th

e 
M

ax
im

um
 P

er
m

is
si

bl
e 

C
on

ce
nt

ra
tio

n 
re

pr
es

en
ts

 th
e 

co
nc

en
tra

tio
n 

ab
ov

e 
w

hi
ch

 th
e 

ris
k 

of
 a

dv
er

se
 e

ffe
ct

s 
is

 u
na

cc
ep

ta
bl

e.
 S

ta
nd

ar
ds

 
fo

r o
ne

 c
om

pa
rtm

en
t a

re
 s

et
 a

t a
 le

ve
l w

he
re

 p
ro

te
ct

io
n 

to
 o

rg
an

is
m

s 
liv

in
g 

in
 o

th
er

 c
om

pa
rtm

en
ts

 is
 e

ns
ur

ed
 a

s 
w

el
l, 

th
us

 tr
an

sp
or

t o
f 

su
bs

ta
nc

es
 b

et
w

ee
n 

m
ed

ia
 is

 ta
ke

n 
in

to
 a

cc
ou

nt
 [R

IV
M

, 1
99

9]
. 



FA
SS

E
T

 
28

 
 

C
on

tr
ac

t N
o 

FI
G

E-
C

T-
20

00
-0

01
02

 
   

  

 

T
ab

le
 3

-2
   

(c
on

tin
ue

d)
  

Sy
st

em
 a

nd
 o

rg
an

is
at

io
n 

D
es

cr
ip

tio
n 

En
vi

ro
nm

en
ta

l q
ua

lit
y 

gu
id

el
in

es
 

(C
C

M
E)

 
C

C
M

E 
ha

s 
de

ve
lo

pe
d 

en
vi

ro
nm

en
ta

l q
ua

lit
y 

gu
id

el
in

es
, w

hi
ch

 d
ef

in
e 

na
tio

na
lly

 a
cc

ep
te

d 
in

di
ca

to
rs

 o
f e

nv
iro

nm
en

ta
l q

ua
lit

y 
fo

r p
ro

te
ct

in
g 

an
d 

su
st

ai
ni

ng
 a

qu
at

ic
 a

nd
 te

rre
st

ria
l e

co
sy

st
em

s 
an

d 
th

ei
r u

se
s 

in
 C

an
ad

a.
 T

he
se

 in
cl

ud
e 

se
ts

 o
f e

nv
iro

nm
en

ta
l q

ua
lit

y 
gu

id
el

in
es

 fo
r t

he
 

pr
ot

ec
tio

n 
of

 b
io

ta
, w

hi
ch

 a
re

 b
as

ed
 o

n 
th

e 
to

xi
co

lo
gi

ca
l e

ffe
ct

s 
of

 c
on

ta
m

in
an

ts
. T

he
se

 g
ui

de
lin

e 
va

lu
es

 a
re

 e
xp

re
ss

ed
 a

s 
co

nt
am

in
an

t 
co

nc
en

tra
tio

ns
 in

 e
nv

iro
nm

en
ta

l m
ed

ia
. T

he
y 

ar
e 

in
te

nd
ed

 to
 b

e 
br

oa
dl

y 
pr

ot
ec

tiv
e 

to
ol

s 
th

at
 w

ill 
su

pp
or

t t
he

 fu
nc

tio
ni

ng
 o

f h
ea

lth
y 

ec
os

ys
te

m
s.

 E
nv

iro
nm

en
ta

l q
ua

lit
y 

gu
id

el
in

es
 h

av
e 

a 
br

oa
d 

ra
ng

e 
of

 p
ot

en
tia

l a
pp

lic
at

io
ns

, b
ut

 a
re

 m
os

t l
ik

el
y 

to
 b

e 
ap

pl
ie

d 
ro

ut
in

el
y 

as
 

sc
re

en
in

g 
to

ol
s 

in
 a

ss
es

sm
en

t o
f s

ite
s 

as
 to

 th
e 

de
gr

ee
 o

f c
on

ce
rn

 p
os

ed
 b

y 
th

e 
co

nt
am

in
an

ts
 in

 o
rd

er
 to

 fo
cu

s 
fu

rth
er

 in
ve

st
ig

at
io

ns
. S

oi
l 

qu
al

ity
 g

ui
de

lin
es

 a
re

 c
on

ce
nt

ra
tio

ns
 in

 s
oi

l b
el

ow
 w

hi
ch

 th
e 

ec
ol

og
ic

al
 re

ce
pt

or
s 

th
at

 s
us

ta
in

 th
e 

pr
im

ar
y 

ac
tiv

iti
es

 fo
r t

he
 d

iff
er

en
t t

yp
es

 o
f 

la
nd

 u
se

 th
at

 a
re

 p
ro

te
ct

ed
. W

at
er

 q
ua

lit
y 

gu
id

el
in

es
 fo

r t
he

 p
ro

te
ct

io
n 

of
 (f

re
sh

w
at

er
) a

qu
at

ic
 li

fe
 a

re
 s

et
 a

t s
uc

h 
va

lu
es

 a
s 

to
 p

ro
te

ct
 a

ll 
fo

rm
s 

of
 a

qu
at

ic
 li

fe
 a

nd
 a

ll 
as

pe
ct

s 
of

 th
e 

aq
ua

tic
 li

fe
 c

yc
le

s.
 S

ed
im

en
t q

ua
lit

y 
gu

id
el

in
es

 fo
r t

he
 p

ro
te

ct
io

n 
of

 a
qu

at
ic

 li
fe

 h
av

e 
be

en
 

de
ve

lo
pe

d 
to

 s
up

po
rt 

an
d 

m
ai

nt
ai

n 
aq

ua
tic

 li
fe

 a
ss

oc
ia

te
d 

w
ith

 b
ed

 s
ed

im
en

ts
. T

is
su

e 
re

si
du

e 
gu

id
el

in
es

 a
re

 in
te

nd
ed

 to
 p

ro
te

ct
 a

ll 
w

ild
lif

e 
in

 a
qu

at
ic

 fo
od

 c
ha

in
s,

 a
nd

 a
re

 to
 b

e 
ap

pl
ie

d 
to

 th
e 

di
et

 a
t t

he
 h

ig
he

st
 k

no
w

n 
aq

ua
tic

 tr
op

hi
c 

le
ve

l, 
pa

rti
cu

la
rly

 fo
r c

on
ta

m
in

an
ts

 w
ith

 a
 s

tro
ng

 
bi

om
ag

ni
fic

at
io

n 
po

te
nt

ia
l [

C
C

M
E,

 1
99

1,
 1

99
6,

 1
99

7]
. 

Am
bi

en
t w

at
er

 q
ua

lit
y 

cr
ite

ria
  

fo
r p

ro
te

ct
io

n 
of

 a
qu

at
ic

 li
fe

 
(U

SE
PA

) 

EP
A�

s 
am

bi
en

t w
at

er
 q

ua
lit

y 
cr

ite
ria

 a
re

 d
es

ig
ne

d 
to

 p
ro

te
ct

 a
qu

at
ic

 c
om

m
un

iti
es

. T
he

 c
rit

er
ia

 a
re

 a
n 

es
tim

at
e 

of
 th

e 
hi

gh
es

t c
on

ce
nt

ra
tio

n 
of

 a
 s

ub
st

an
ce

 in
 w

at
er

, w
hi

ch
 d

oe
s 

no
t p

re
se

nt
 a

 s
ig

ni
fic

an
t r

is
k 

to
 th

e 
aq

ua
tic

 o
rg

an
is

m
s 

in
 th

e 
w

at
er

 a
nd

 th
ei

r u
se

s.
 T

he
 c

rit
er

ia
 a

tte
m

pt
 

to
 p

ro
ve

 a
 re

as
on

ab
le

 a
nd

 a
de

qu
at

e 
am

ou
nt

 o
f p

ro
te

ct
io

n 
w

ith
 o

nl
y 

a 
sm

al
l p

os
si

bi
lit

y 
of

 s
ub

st
an

tia
l o

ve
r-p

ro
te

ct
io

n 
or

 u
nd

er
-p

ro
te

ct
io

n.
 

N
um

er
ic

 a
qu

at
ic

 li
fe

 c
rit

er
ia

 a
re

 e
xp

re
ss

ed
 a

s 
sh

or
t-t

er
m

 a
nd

 lo
ng

-te
rm

 a
ve

ra
ge

s,
 ra

th
er

 th
an

 a
s 

on
e 

nu
m

be
r. 

Th
e 

co
m

bi
na

tio
n 

of
 a

 c
rit

er
io

n 
m

ax
im

um
 c

on
ce

nt
ra

tio
n 

(a
 s

ho
rt-

te
rm

 c
on

ce
nt

ra
tio

n 
lim

it)
 a

nd
 a

 c
rit

er
io

n 
co

nt
in

uo
us

 c
on

ce
nt

ra
tio

n 
(a

 fo
ur

-d
ay

 a
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
lim

it)
 

is
 in

te
nd

ed
 to

 id
en

tif
y 

av
er

ag
e 

po
llu

ta
nt

 c
on

ce
nt

ra
tio

ns
 c

on
si

st
en

t w
ith

 th
e 

m
ai

nt
en

an
ce

 o
f a

qu
at

ic
 li

fe
 a

nd
 d

es
ig

na
te

d 
us

es
 w

hi
le

 re
st

ric
tin

g 
th

e 
du

ra
tio

n 
of

 a
bo

ve
 a

ve
ra

ge
 c

on
ce

nt
ra

tio
ns

, s
o 

th
at

 to
ta

l e
xp

os
ur

es
 w

ill 
no

t c
au

se
 u

na
cc

ep
ta

bl
e 

ad
ve

rs
e 

ef
fe

ct
s.

 A
 m

in
im

um
 d

at
a 

se
t o

f 
ei

gh
t s

pe
ci

fie
d 

fa
m

ilie
s 

is
 re

co
m

m
en

de
d 

fo
r c

rit
er

ia
 d

ev
el

op
m

en
t, 

in
 o

rd
er

 to
 re

pr
es

en
t a

 w
id

e 
sp

ec
tru

m
 o

f a
qu

at
ic

 li
fe

. C
rit

er
ia

 h
av

e 
be

en
 

de
ve

lo
pe

d 
bo

th
 fo

r f
re

sh
 a

nd
 fo

r s
al

t w
at

er
 [U

SE
PA

, 1
99

5]
. 

Ec
ol

og
ic

al
 q

ua
lit

y 
ob

je
ct

iv
es

 fo
r 

th
e 

N
or

th
 S

ea
 (O

SP
AR

) 
Ec

ol
og

ic
al

 Q
ua

lit
y 

ob
je

ct
iv

es
 a

re
 b

ei
ng

 d
ev

el
op

ed
 a

s 
to

ol
s 

to
 s

up
po

rt 
th

e 
de

ve
lo

pm
en

t a
nd

 a
pp

lic
at

io
n 

of
 a

n 
ec

os
ys

te
m

 a
pp

ro
ac

h 
to

 th
e 

m
an

ag
em

en
t o

f h
um

an
 a

ct
iv

iti
es

. E
co

lo
gi

ca
l q

ua
lit

y 
el

em
en

ts
, w

hi
ch

 a
re

 m
ea

su
ra

bl
e 

as
pe

ct
s 

of
 m

ar
in

e 
ec

os
ys

te
m

s 
an

d 
ar

e 
an

 e
xp

re
ss

io
n 

of
 th

e 
ec

os
ys

te
m

 s
tru

ct
ur

e 
an

d 
fu

nc
tio

n,
 h

av
e 

be
en

 id
en

tif
ie

d.
 E

co
lo

gi
ca

l q
ua

lit
y 

ob
je

ct
iv

es
 a

re
 le

ve
ls

 o
f t

he
se

 e
co

lo
gi

ca
l q

ua
lit

y 
el

em
en

ts
 in

 
to

w
ar

ds
 w

hi
ch

 m
an

ag
em

en
t e

ffo
rts

 a
re

 to
 b

e 
di

re
ct

ed
. T

en
 is

su
es

 a
re

 b
ei

ng
 c

on
si

de
re

d 
fo

r t
he

 d
er

iv
at

io
n 

of
 e

co
lo

gi
ca

l q
ua

lit
y 

ob
je

ct
iv

es
. 

Fo
r s

om
e 

of
 th

es
e 

is
su

es
, s

ev
er

al
 o

bj
ec

tiv
es

 a
re

 b
ei

ng
 d

er
iv

ed
. T

he
 is

su
es

 a
re

; c
om

m
er

ci
al

 fi
sh

 s
pe

ci
es

, t
hr

ea
te

ne
d 

an
d 

de
cl

in
in

g 
sp

ec
ie

s,
 

se
a 

m
am

m
al

s,
 s

ea
bi

rd
s,

 fi
sh

 c
om

m
un

iti
es

, b
en

th
ic

 c
om

m
un

iti
es

, p
la

nk
to

n 
co

m
m

un
iti

es
, h

ab
ita

ts
, n

ut
rie

nt
 b

ud
ge

ts
 a

nd
 p

ro
du

ct
io

n,
 o

xy
ge

n 
co

ns
um

pt
io

n 
[O

SP
AR

, 2
00

2b
]. 

 



FASSET 29  
Contract No FIGE-CT-2000-00102 
 
 
 
 

  

 

Structurally, there are numerous similarities between the different systems and approaches 
described in Tables 3-1 and 3-2. For the purpose of establishing and defining the FASSET 
framework, it is useful to divide the environmental assessment and management system into 
five different steps (Figure 3-1):  

• planning;  
• problem formulation (to guide further assessment, i.e. to define the assessment context); 
• assessment, using the appropriate methods according to the assessment context;  
• risk characterisation; and 
• decision and management. 
 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

Figure 3-1   Elements in a stepwise environmental assessment and management 
procedure. 

Although these steps can be arranged in a sequential manner, it is obvious that there are 
iterations and loops, so that, e.g., assessment conditions can be adjusted to the managerial 
options that are available, and vice versa. Also, each of these steps involves numerous 
considerations, including availability of methodologies and data, lack of which may delay 
further assessment or cause a proposed concept to fail. A brief description of the different 
steps follows below. 
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3.1.1 Planning 
It is obvious that any plan for a project or major activity (including intervention) needs to be 
checked against the legal framework and existing regulations and recommendations. Any 
failure to do so may result in plans being rejected on the basis of lack of compliance or on the 
basis of lack in public confidence. The public view is solicited through a public consultation 
procedure that can be arranged in different ways. There is Community legislation that governs 
both the planning and the consultation processes, such as the Council Directives 85/337 and 
97/11 [EC, 1985, 1997]. Public consultation is not only limited to the planning stage but is 
commonly involved until decision-making. However, it is important to bring early on the 
views of different �stakeholders� as these may shape the assessment context. 

Provided that the initial screening against legal questions and public perceptions does not call 
for rejection or revision of the plan in question, further consideration is required concerning the 
division of responsibilities (normally defined in legislation), purpose of further assessment,  
and product of further assessment. Normally, the final product would be an Environmental 
Impact Statement (EIS), where radiological consequences are one out of many environmental 
consequences to be considered. Hence, treatment of radiological consequences in an analogous 
manner to other environmental hazards facilitates comparisons and enables the radiological 
consequences to be considered within the context of the �full� environmental impact. 

3.1.2 Problem formulation 
Provided that the purpose and product of further assessment have been defined, the problem 
formulation step is carried out in order to formulate the context for the assessment. A number 
of points need be considered. A systematic approach to the problem formulation step was 
done within the IAEA BIOMASS project, with special emphasis on waste repositories [IAEA, 
2001; se also FASSET, 2001a]. For the purpose of FASSET, the essential parts to be 
addressed are: 

• source term and hazard identification; 
• the spatial and temporal scale; 
• the appropriate level of simplification; 
• the choice of �biosphere� system and exposure pathways; 
• object of protection; 
• what biological effect(s) in the environment should be considered; and 
• data availability and data requirements. 
In recognition of the issues to be considered in formulating the assessment context, USEPA 
has recommended that �problem formulation� should be used instead of the older �hazard 
identification� to describe the pre-assessment stage. This can make the distinction between 
hazard identification (or analysis) and impact assessment somewhat blurred and, 
consequently, the process of formulation of the assessment context may actually lead to the 
rejection of a proposed concept before a full assessment of environmental effects has been 
undertaken. For example:  

• The mere introduction to the environment of a hazardous substance in the environment 
could be deemed unjustifiable and any activity leading to the presence of such substances 
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should be rejected, avoided or substituted [see, e.g., the view of Greenpeace International 
toward hazardous substances in FASSET, 2002]. 

• If there are reasonable grounds to suspect that a substance released into the environment 
can lead to harmful effects, although there is lack of full scientific proof of such effects, an 
appeal to the precautionary principle may call for implementation of cost-effective 
measures to reduce, or eliminate, releases of such substances. However, such decisions 
may be reverted if further analysis reveals that the resulting risks are negligible or possible 
to manage. 

3.1.3 Assessment, risk characterisation, and decision and management 
The assessment steps involve the analysis of dispersion and exposure through different 
pathways to specified biological endpoints, as well as an account of effects. This is often said 
to represent the �scientific� part of the assessment and is usually carried out in as quantitative 
a way as possible. The analysis can include an estimation of the magnitude, spatial scale, 
duration and intensity of adverse consequences and their associated probabilities as well as a 
description of the cause and effect links, due to predicted or actual exposure.  

Descriptions of risk characterisation vary between different systems, but the general objective 
is to collate and summarise the information obtained during the previous stages. The 
characterisation should include an estimation of the incidence (or probability) and severity (or 
magnitude) of the adverse effects likely to occur in an environmental compartment, as well as 
identification of uncertainties. It may include guidance on how to present information in order 
to illustrate how individuals or populations may be affected, or recommendations for 
synthesis for use in management decisions. In more evaluative definitions, characterisation is 
extended to a ranking or prioritising of risks, but this can be problematic as it often implies 
judgements on acceptability. For screening purposes, characterisation may involve 
comparison of risk estimates with previously derived standards. Since FASSET has explicitly 
stated that it does not aim to set standards or determine acceptability of risks, the present 
FASSET framework limits risk characterisation to a synthesis of the exposure and effects data 
obtained during risk assessment for the purpose of guiding management decisions. Risk 
evaluation is defined as the part of risk assessment and management concerned with questions 
of acceptability. 

Decision and management involves evaluation of intervention needs or decisions on licensing 
conditions and acceptance of a proposed concept, and possibly the rejection, avoidance or 
substitution of a certain activity. As also indicated in Figure 3-1, a decision of acceptance 
normally requires recurrent reviews; a decision to reject/avoid/substitute can be reversed by 
revision of concept and renewed assessment. One example of the latter is the use of tiered 
approaches, where a low-tier conservative and simple assessment can be replaced by more 
complex, realistic and non-conservative assessments, if derived standards are exceeded in the 
initial, low-tier assessment. 
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4. Formulation of the FASSET assessment context  
As becomes evident from the review in Chapters 2 and 3, a number of societal, ecological and 
methodological considerations need to be made when formulating the assessment context. 
The legal background, including division of responsibilities and the public consultation 
procedure, is regulated by national law, in some cases after implementation of EU Directives 
into the national framework. Although societal concerns are important to FASSET, the 
framework focuses on biological (ecological) effects. The formulation phase builds up the 
FASSET assessment context, i.e. defines (see Figure 3-1 for comparison):  

• the purpose of the assessment (Section 4.1);  
• source term and hazard identification (Section 4.2);  
• spatial and temporal scale; level of simplification (Section 4.3);  
• biosphere system and exposure pathways to be considered (Section 4.4);  
• object of protection (Section 4.5); 
• biological effect (Section 4.6); and 
• data availability and data requirements (Section 4.7). 
Each of these factors will be considered in the sections indicated above. For each of them, a 
number of salient issues as well as a number of options will be discussed, on the basis of the 
review of existing systems in Deliverable 2: Part 2, and other sources, including the FASSET 
Technical Annex [FASSET, 2000] and External Forum [FASSET, 2002]. On the basis of this, 
a presentation is made of the choices made for further development within FASSET, and 
integration into the final framework. 

4.1 Purpose of the assessment 
4.1.1 Issues and options 
In a majority of the systems studied, assessment frameworks consider �what is safe�; in some 
cases the systems have developed to show compliance to certain standards. The standards are 
normally derived from criteria related to population viability (biological impact, loss of 
species from an affected area, etc.), and expressed in terms of concentrations or doses. The 
derivation of such standards requires that a pre-analysis has been performed of potential or 
actual effects at different levels of contamination, and the assessment eventually leads to 
comparison between an estimated or measured value, and the standard. Table 4-1 gives an 
overview of different purposes indicated for the different systems considered in the report. 

The use of a standard in compliance assessments also allows for the use of a tiered approach, 
where extremely robust but simplified and conservative models can be used for a first 
screening for potential effects. This is a cost-effective approach to assessment that requires in-
depth analysis only under circumstances where a first-tier, conservative assessment has 
indicated that standards may be exceeded. Such in-depth analyses may involve site-specific 
data on the ecosystem considered, as well as more detailed data on effects endpoints and 
dosimetry. Tiered approaches allows for increasing degrees of complexity and realism in the 
assessments, although this increase in realism is not always mirrored in the setting of 
standards. 
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Table 4-1 Examples of different aims of existing schemes. 

Aim Organisation 

Derivation of environmental standards  
(e.g. limiting values, screening levels,  
environmental quality standards) 

USEPA [2000], ORNL [1998], RIVM 
[1999], USEPA [1995], Typhoon 
[Sazykina & Kryshev, 1998], UK EA 
[2002] 

Assessment of compliance with regulatory 
limits/guideline values  

USDOE [2000] 

Assessment of the hazard associated with  
chemicals released to the environment  
(new chemicals, existing chemicals, priority 
substances) 

EC [1996], OSPAR [2002a], 
Environment Canada [1997] 

Assessment of the impacts of authorised  
releases 

UK EA [2002] 

Assessment of the hazards of contaminants  
in various environmental media  

IAEA [2000], USEPA [1998]  

During the FASSET external Forum, a number of issues were raised relevant to the purpose 
of the framework: 

• it should be as flexible as possible, to accommodate for different sources, exposure 
situations, disposal routes, etc.; 

• it should as best possible be tuned to systems for assessing and managing risks from other 
hazardous substances, and at the same time not differ substantially from the system in 
place (and currently being revised) for radiological protection of humans; 

• it should be user-friendly, manageable and understandable for implementers, regulators 
and society at large. 

In addition, there were a number of detailed remarks, e.g., on the usefulness of a tiered 
approach. There was also the more general remark that management through assessment is a 
flawed approach; management should be based on hazard identification and subsequent 
substitution when hazard is identified. However, differences between hazard identification 
and impact assessment are often grounded in uncertainties as to the probabilities and 
consequences of effects. In a narrow sense, hazard identification can be limited to an 
acknowledgement that a situation (such as presence of a known pollutant in the environment) 
has a potential to bring about harm. For situations where the probability and magnitude of the 
potential effects are reasonably well established, hazard identification may be sufficient 
grounds to demand substitution. When this is not the case, a more detailed assessment of the 
effects of the hazard, as well as the proposed substitute, will need to be undertaken. Hazard 
identification and substitution would not be in conflict with the general assessment and 
management scheme outlined in Figure 3-1, but an assessment framework would still be 
needed to analyse possible effects of already existing contamination, as well as consequences 
of different disposal options. 
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4.1.2 FASSET – definition of purpose of the assessment 
As reviewed above, and more extensively in Deliverable 2: Part 2, a variety of programmes 
aim at assessing the environmental impact against certain pre-defined standards, set to be 
environmentally �safe�. Thus, a definition of acceptability acts as the starting point for the 
assessments. This facilitates the use of simplified and conservative approaches to assessment, 
where the system is used as a compliance tool.  

Unlike such systems, the FASSET project aims at providing a systematic approach for the 
determination of �realistic� consequences in the environment. While the framework should 
allow for conclusions on environmental consequences, the acceptability of these 
consequences is to be judged outside the framework by decision-makers and stakeholders 
involved in the decision process. The emphasis will be on assessments of effects on non-
human biota that require a realistic approach (without in-built over-conservatism) in order to: 

• guide decision makers and the public in environmental issues; 
• act as a basis for comparison of different options; 
• act as a basis for the development of regulations and standards; 
• act as a basis for the development of screening tools; 
• act as a basis for the comparison of human health effects and environmental effects; 
• be applicable to site-specific situations and monitoring programmes; and 
• act as a basis for research, including development of tests. 

Consequences of choices made 
The FASSET project recognises that a generic screening assessment may be an appropriate 
first step of an assessment. However, it is clear that:  

• a realistic assessment will in certain cases be required to follow up a screening stage with 
more specific assessments (e.g. when the margin of safety in the screening assessment is 
insufficient); 

• the screening methodology should be designed in such a way that it facilitates rather than 
hinders subsequent specific assessments (e.g. by using similar basic criteria for choice of 
endpoints); and 

• several plausible contamination scenarios are site-specific by nature (e.g. nuclear facilities 
and waste repositories) which implies that there will be a strong demand to use valued 
components of the surrounding ecosystems in the risk assessment of such facilities (i.e., a 
site-specific assessment). 

The FASSET approach integrates the effects analysis within the assessment, rather than 
targeting pre-specified levels set for compliance or general reasoning on �what is safe� 
(Figure 4-1). This effects analysis will be aided by the FASSET Radiation Effects Database, 
which is currently being developed as a separate Deliverable of the FASSET project.  
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In this way, the framework should be capable of covering the following aspects: 

• ongoing, past and future releases � the framework should enable the assessment of actual 
effects on the basis of measurements and direct observations in the environment, which 
makes it relevant to environmental monitoring, and should enable forecast of effects 
caused by future or potential releases of ionising contaminants; 

• chronic and acute effects � the framework should allow for assessment of effects of 
exposures ranging from chronic low dose rate radiation to acute high doses following e.g. 
accidental releases (thus, the ranges of biological effects and environmental dose rates 
considered have to be wide); and 

• it be appropriate for various purposes, e.g. licensing, demonstration of compliance, 
assessments of accidents, decisions concerning remediation � the framework has to be able 
to be used to support decision-making. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 4-1   Position of the effects analysis in an assessment and management 
framework. The integrated (left) effects analysis is being pursued in FASSET. 

Limitations 
The following limitations of the framework have been agreed: 

• FASSET will not be a complete management tool but focus on the assessment context and 
the actual assessment; and 

• FASSET will deal only with the effects of radioactive substances � the effects of other 
contaminants and synergistic effects will not be taken into account directly, though they 
may be dealt with as uncertainties.  
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A note of caution is also necessary with regard to the use of the term �realistic� in connection 
to environmental assessments. Under many circumstances, the shortage of data would only 
make it possible to identify a plausible range of environmental effects at a certain level of 
environmental radiation. Any estimate of a �realistic� effect must be accompanied by an 
equally realistic estimate of uncertainties, either these uncertainties are of fundamental nature 
(e.g. biological variability), or originates from lack of data. Thus, �realistic� does not indicate 
high level of precision, but that the assessment is balanced, taking all uncertainties into 
account. 

4.2 Source term and hazard identification 
4.2.1 Issues and options 
Within frameworks of ecological risk assessment, a screening methodology is often adopted 
to identify the contaminants of potential concern that may require further investigation. In 
general, such hazardous substances are selected on the basis of their persistence, the 
likelihood of them being translocated over long distances, and their potential for 
bioaccumulation. Participants in the External Forum only indirectly addressed source 
identification and hazard identification; comments on the possibility of considering different 
exposure pathways and disposal options are, however, relevant to the selection of 
radionuclides for further assessment. It can also be noted the view maintained by Greenpeace 
International that the hazard identification is the basis for managerial decisions (see 
Section 4.1.1). 

The hazard identification starts with a broad approach, considering various nuclides, and their 
environmental fates and effects. An example of a rationale to perform the hazard 
identification, developed by IRSN, is summarised in Figure 4-2 and further described in 
Table 4-2. 
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RQr  x IDe

1. Generic list of radionuclides according to the different source-terms 

2. Time scale for ERA 

3. Radiation type 

Prioritisation of RNs with regard to 

4. Environmental reactivity 4’. Biological reactivity 

NORM industries 
Nuclear power plants 
Reprocessing plants 
Radioactive waste storage sites

Relative quantity of the radionuclide in the source-term 
weighted by the isotopic dilution of the corresponding 
element in the receptor compartment 

Chronic releases: 
RNs with Tp significant in front of the 
life span of reference organisms 

Acute releases: 
ALL RNs 

Assessment of external dose 
                  γ, β  

Assessment of internal dose 
                  α, β 

Elements are classed into two categories 

Reactivity with two ligands 

(log(z2/r) vs log(ααααM(OH))) 

Radioactive isotopes of macro/oligo element or analogous 

Radioactive isotopes of element without biological function 

High values for (log(Z2/r), log((αM(OH))) 
distinguish RNs with high bioaccumulation 
potential from those with low potential 

PKsp* 

Solubility of the element in 
typical environmental solution 

Reactivity of the element with the solid phase

external dose assessment internal dose assessment 

Potential large-scale water transport for low values  
A low value induces to focus on external dose assessment 
for reference organisms linked to water column/soil solution 

Potential large-scale solid transport for high values  
A high value induces to focus on external dose assessment 
for reference organisms linked to soil/sediment 

  
 

 

Figure 4-2   Flow chart for radionuclide screening (hazard identification). Example of 
rationale, developed by IRSN. 

internal dose assessment external dose assessment 
  



FA
SS

E
T

 
39

 
 

C
on

tr
ac

t N
o 

FI
G

E-
C

T-
20

00
-0

01
02

 
     

 
 

 

T
ab

le
 4

-2
   

C
ri

te
ri

a 
to

 b
e 

us
ed

 in
 sc

re
en

in
g 

of
 r

ad
io

nu
cl

id
es

 (h
az

ar
d 

id
en

tif
ic

at
io

n)
. A

pp
ro

ac
h 

de
ve

lo
pe

d 
by

 IR
SN

. 

Ty
pe

 o
f c

rit
er

ia
 

C
rit

er
io

n 
 

So
ur

ce
 te

rm
 

O
rig

in
 o

f r
ad

io
nu

cl
id

e 
Se

le
ct

io
n 

of
 ra

di
on

uc
lid

es
 b

as
ed

 o
n 

kn
ow

le
dg

e 
of

 th
e 

so
ur

ce
 te

rm
; i

.e
. t

he
 ra

di
on

uc
lid

es
 b

ei
ng

 
pr

oc
es

se
d/

re
le

as
ed

/g
en

er
at

ed
 b

y 
th

e 
ac

tiv
ity

 fo
r w

hi
ch

 a
n 

as
se

ss
m

en
t i

s 
m

ad
e.

 If
 s

ite
-s

pe
ci

fic
 d

at
a 

ar
e 

av
ai

la
bl

e,
 

th
es

e 
ca

n 
be

 u
se

d.
 A

lte
rn

at
iv

el
y,

 g
en

er
ic

 in
fo

rm
at

io
n 

is
 a

va
ila

bl
e.

 
Fo

r c
hr

on
ic

 re
le

as
es

, f
ou

r c
at

eg
or

ie
s 

of
 a

ct
iv

ity
 re

la
te

d 
to

 th
e 

nu
cl

ea
r f

ue
l c

yc
le

 h
av

e 
be

en
 id

en
tif

ie
d;

  
� 

 o
re

-m
in

in
g 

an
d 

ot
he

r N
O

R
M

 in
du

st
rie

s,
  

� 
 e

le
ct

ro
nu

cl
ea

r p
la

nt
s,

  
� 

 re
pr

oc
es

si
ng

 p
la

nt
s,

 
� 

 s
to

ra
ge

 s
ite

s 
fo

r r
ad

io
ac

tiv
e 

w
as

te
s.

  
In

 F
ra

nc
e,

 d
ef

au
lt 

lis
ts

 o
f r

ad
io

nu
cl

id
es

 h
av

e 
be

en
 d

ra
w

n 
up

 re
le

va
nt

 to
 ra

di
oa

ct
iv

e 
w

as
te

 m
an

ag
em

en
t a

nd
 to

 
ef

flu
en

ts
 fr

om
 n

uc
le

ar
 p

ow
er

 s
ta

tio
ns

. 
Fo

r a
cc

id
en

ta
l r

el
ea

se
s,

 s
im

ila
r d

ef
au

lt 
lis

ts
 c

ou
ld

 b
e 

us
ed

, b
ut

 s
ho

ul
d 

al
so

 ta
ke

 in
to

 a
cc

ou
nt

 th
e 

re
la

tiv
e 

co
nt

rib
ut

io
n 

of
 e

ac
h 

ra
di

on
uc

lid
e 

to
 th

e 
to

ta
l r

el
ea

se
d 

qu
an

tit
y 

(s
ee

 b
el

ow
). 

 
To

ta
l q

ua
nt

ity
 o

f r
ad

io
nu

cl
id

e 
R

el
at

iv
e 

co
nt

rib
ut

io
n 

of
 th

e 
ra

di
on

uc
lid

e 
Is

ot
op

ic
 d

ilu
tio

n 
 

Ex
pr

es
se

d 
as

 m
ol

es
 o

r B
q.

 
Th

e 
re

la
tiv

e 
co

nt
rib

ut
io

n 
to

 th
e 

to
ta

l a
ct

iv
ity

 re
le

as
ed

. S
ite

-s
pe

ci
fic

 o
r g

en
er

ic
 e

st
im

at
es

 (b
as

ed
 o

n 
th

e 
nu

cl
ea

r s
ite

 
ca

te
go

ry
) c

an
 b

e 
us

ed
. 

Is
ot

op
ic

 d
ilu

tio
n 

of
 th

e 
ra

di
on

uc
lid

e 
in

 th
e 

re
ce

pt
or

 e
co

sy
st

em
, i

.e
. r

el
ea

se
d 

ra
di

on
uc

lid
e/

(re
le

as
ed

 ra
di

on
uc

lid
e 

+ 
st

ab
le

 is
ot

op
e 

+ 
kn

ow
n 

an
al

og
ue

s)
.  

Ph
ys

ic
al

  
pa

ra
m

et
er

s 
H

al
f l

ife
 

Th
e 

ha
lf-

lif
e 

is
 s

ig
ni

fic
an

t w
ith

 re
sp

ec
t t

o 
th

e 
tim

e 
sc

al
e 

of
 in

te
re

st
.  

Fo
r c

hr
on

ic
 re

le
as

es
: T

he
 h

al
f l

ife
 o

f t
he

 ra
di

on
uc

lid
e 

or
 o

f i
ts

 d
au

gh
te

r r
ad

io
nu

cl
id

es
 s

ho
ul

d 
be

 s
ig

ni
fic

an
t w

ith
 

re
sp

ec
t t

o 
th

e 
lif

es
pa

n 
of

 th
e 

re
fe

re
nc

e 
or

ga
ni

sm
, e

.g
. r

ad
io

nu
cl

id
es

 w
ith

 a
 T

1/
2 

> 
30

 d
ay

s 
w

ou
ld

 b
e 

re
le

va
nt

 to
 th

e 
ph

yt
op

la
nk

to
n 

bl
oo

m
 in

 a
 la

ke
. 

Fo
r a

cu
te

 re
le

as
es

, r
ad

io
nu

cl
id

es
 w

ith
 s

ho
rte

r h
al

f-l
iv

es
 s

ho
ul

d 
al

so
 b

e 
co

ns
id

er
ed

. 
 

Ty
pe

 o
f r

ad
ia

tio
n 

Th
e 

im
po

rta
nc

e 
of

 ra
di

on
uc

lid
es

 w
ith

 re
sp

ec
t t

o 
th

e 
ty

pe
 o

f r
ad

ia
tio

n 
de

pe
nd

s 
up

on
 th

e 
w

ay
 in

 w
hi

ch
 o

rg
an

is
m

s 
ar

e 
ex

po
se

d;
 i.

e.
 e

xt
er

na
l r

ad
ia

tio
n,

 in
te

rn
al

 ra
di

at
io

n 
an

d 
ch

em
o-

to
xi

ci
ty

. 
In

 th
e 

ca
se

 o
f i

nt
er

na
l c

on
ta

m
in

at
io

n,
 α

- a
nd

 β
-e

m
itt

er
s 

ar
e 

pr
io

rit
is

ed
, a

s 
w

el
l a

s 
ra

di
on

uc
lid

es
 w

ith
 a

 c
he

m
ot

ox
ic

 
m

ec
ha

ni
sm

. 
In

 th
e 

ca
se

 o
f e

xt
er

na
l c

on
ta

m
in

at
io

n,
 γ

- a
nd

 β
-e

m
itt

er
s 

ar
e 

pr
io

rit
is

ed
.  



FA
SS

E
T

 
40

 
 

C
on

tr
ac

t N
o 

FI
G

E-
C

T-
20

00
-0

01
02

 
   

 
 

 

Ty
pe

 o
f c

rit
er

ia
 

C
rit

er
io

n 
 

En
vi

ro
nm

en
ta

l  
fa

te
 

So
lu

bi
lit

y 
So

lu
bi

lit
y 

pr
od

uc
t, 

(p
K s

p-
va

lu
e)

, c
al

cu
la

te
d 

fro
m

 a
va

ila
bl

e 
th

er
m

od
yn

am
ic

 d
at

a 
on

 th
e 

fo
rm

at
io

n 
of

 m
in

er
al

 
pr

ec
ip

ita
te

s 
an

d 
co

m
pl

ex
es

 in
 s

ol
ut

io
n 

w
ith

 th
e 

m
ai

n 
in

or
ga

ni
c 

lig
an

ds
 (i

.e
., 

ig
no

rin
g 

at
 th

is
 s

ta
ge

 th
e 

ef
fe

ct
 o

f 
or

ga
ni

c 
lig

an
ds

). 
Th

e 
so

lu
bi

lit
y 

pr
od

uc
t i

s 
ca

lc
ul

at
ed

 fo
r f

ou
r s

et
s 

of
 e

nv
iro

nm
en

ta
l c

on
di

tio
ns

: 
� 

 fr
es

hw
at

er
/s

oi
l s

ol
ut

io
n,

 lo
w

 h
ar

dn
es

s,
 o

xi
c 

co
nd

iti
on

s 
(p

K s
p f

or
 h

yd
ro

xi
de

s,
 

� 
 fr

es
hw

at
er

/s
oi

l c
on

di
tio

n,
 h

ig
h 

ha
rd

ne
ss

, o
xi

c 
co

nd
iti

on
s 

(p
K s

p 
fo

r c
ar

bo
na

te
s)

, 
� 

 e
st

ua
rin

e 
an

d 
m

ar
in

e,
 o

xi
c 

co
nd

iti
on

s 
(p

K s
p 
fo

r c
hl

or
id

es
), 

� 
 a

no
xi

c 
co

nd
iti

on
s,

 a
ny

 e
co

sy
st

em
 (p

K s
p 

fo
r s

ul
ph

id
es

). 
If 

da
ta

 a
re

 a
va

ila
bl

e,
 a

 s
ite

-s
pe

ci
fic

 w
at

er
 c

om
po

si
tio

n 
m

ay
 a

ls
o 

be
 u

se
d 

to
 c

al
cu

la
te

 p
K s

p 
. 

Lo
w

 p
K s

p-
va

lu
es

 in
di

ca
te

 h
ig

h 
de

gr
ee

 o
f t

ra
ns

po
rt 

in
 th

e 
liq

ui
d 

ph
as

e,
 a

ffe
ct

in
g 

th
e 

sc
al

e 
of

 th
e 

sp
at

ia
l e

xt
en

t o
f 

th
e 

ar
ea

 to
 b

e 
co

ve
re

d 
by

 th
e 

ris
k 

as
se

ss
m

en
t, 

an
d 

th
e 

ch
oi

ce
 o

f e
nv

iro
nm

en
ts

 a
nd

 o
rg

an
is

m
s 

to
 b

e 
co

ns
id

er
ed

. 
C

on
ve

rs
el

y,
 h

ig
h 

pK
sp

 va
lu

es
 in

di
ca

te
 h

ig
h 

re
ac

tiv
ity

 w
ith

 th
e 

so
lid

 p
ha

se
 (i

m
po

rta
nt

 s
or

pt
io

n)
. 

Bi
ol

og
ic

al
 a

ct
iv

ity
 

 
R

ea
ct

io
n 

w
ith

 b
io

lo
gi

ca
l 

lig
an

ds
 (l

og
(z

2 /r)
 

D
eg

re
e 

of
 h

yd
ro

ly
si

s 
 

Tw
o 

va
ria

bl
es

 c
on

si
de

re
d 

to
ge

th
er

 in
di

ca
te

 b
io

lo
gi

ca
l s

pe
ci

at
io

n 
an

d 
al

lo
w

 a
 d

is
tin

ct
io

n 
to

 b
e 

m
ad

e 
be

tw
ee

n 
ra

di
on

uc
lid

es
 w

ith
 a

 h
ig

h 
bi

oa
cc

um
ul

at
io

n 
po

te
nt

ia
l f

ro
m

 th
os

e 
w

ith
 lo

w
 p

ot
en

tia
l. 

R
ep

re
se

nt
s 

af
fin

ity
 fo

r h
yd

ro
xy

l g
ro

up
s,

 th
io

ls
 a

nd
/o

r p
ho

sp
ha

te
s.

 D
ep

en
ds

 o
n 

th
e 

te
nd

en
cy

 to
 h

yd
ro

ly
se

 (t
re

at
ed

 
as

 a
 s

ep
ar

at
e 

cr
ite

ria
), 

th
e 

ne
t e

le
ct

ric
 c

ha
rg

e 
(z

) a
nd

 th
e 

io
ni

c 
ra

di
us

 (r
). 

Lo
g(
α M

(O
H

)),
 w

he
re

 (α
M

(O
H

)) 
is

 th
e 

hy
dr

ol
ys

is
 c

oe
ffi

ci
en

t. 

Po
te

nt
ia

l c
he

m
ic

al
 

to
xi

ci
ty

 
Al

lo
ca

tio
n 

to
 tw

o 
cl

as
se

s 
In

 o
rd

er
 to

 ta
ke

 in
to

 a
cc

ou
nt

 th
ei

r p
ot

en
tia

l c
he

m
ic

al
 to

xi
ci

ty
, r

ad
io

nu
cl

id
es

 a
re

 th
en

 c
la

ss
ed

 in
to

 tw
o 

ca
te

go
rie

s 
w

ith
 re

ga
rd

 to
 th

e 
bi

oc
he

m
ic

al
 p

ro
pe

rti
es

:  
1.

 tr
ac

e 
el

em
en

ts
 w

ith
 c

om
pe

tit
or

; i
nv

ol
ve

d 
in

 th
e 

co
ns

tit
ut

io
n 

of
 li

vi
ng

 m
at

te
r a

s 
m

ac
ro

-n
ut

rie
nt

s 
or

 o
lig

o-
el

em
en

ts
 

by
 b

eh
av

io
ur

al
 a

na
lo

gy
 w

ith
 it

s 
st

ab
le

 is
ot

op
e 

or
 b

io
ch

em
ic

al
 a

na
lo

gy
 (k

no
w

n 
as

 c
om

pe
tit

or
), 

2.
 e

le
m

en
ts

 w
ith

ou
t s

ta
bl

e 
co

m
pe

tit
or

 h
av

in
g 

no
 k

no
w

n 
bi

ol
og

ic
al

 fu
nc

tio
n 

to
 d

at
e.

 

 T
ab

le
 4

-2
   

(c
on

tin
ue

d)
 



FASSET 41  
Contract No FIGE-CT-2000-00102 
 
 

   

 

4.2.2 FASSET – radionuclide selection 
Full source characterisation and hazard identification, as indicated in Section 4.2.1, were not 
performed before the radionuclides, for which tools are to be developed within the FASSET 
project, were chosen. Instead, sub-sets of radionuclides were considered, on the basis of:  

• radionuclides routinely considered in both regulatory assessments of waste disposal and 
releases from different facility types, and emergency planning for accidental releases;  

• a range of environmental mobilities and biological uptake rates;  

• both anthropogenic and natural radionuclides; and  

• representatives of α-, β- and γ-emitters.  

The sub-set of radionuclides from 20 elements was selected for consideration within the 
development of the FASSET framework on the basis of these criteria and also data 
availability, see Table 4-3 [FASSET, 2001b]. The framework designed to assess these 
radionuclides should be sufficiently robust as to be readily applicable to the consideration of 
others. 

FASSET intends to provide guidance/tools about how to choose radionuclides for an 
assessment. This will be developed further until the final Deliverable (D6) of the project, due 
autumn 2003, and consider elements of the IRSN approach outlined in Figure 4-2 and in 
Table 4-2. This may require the following information: 

• total release of radioactivity and the relative contribution of each isotope; 
• distribution of release over time; 
• changes with time in the relative contribution of each isotope; 
• isotopic dilution of radionuclides in the receptor ecosystems; 
• physical parameters of radionuclides (i.e. half-live, type and energy of radiation); 
• chemical form of the radionuclides;  
• origin of radionuclides; the way in which radionuclides reach the receptor ecosystem, e.g. 

from below ground, as release directly to surface water, deposition to land or water 
surfaces; and 

• background radionuclides. 
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Table 4-3   Radionuclides selected for consideration within the FASSET project 
[FASSET, 2001b]. 

Radionuclide 
(Element Group) 

Principal Radio-isotopes
(T½) 

Radiation type Sources 

H (Ia) 3H (12 y) β- Cosmic, Fission, 
activation 

C (IVb) 14C (5600 y) β- Cosmic, activation 
K (Ia) 40K (1.3 x 109 y) β-, γ Primordial 
Cl (VIIb, halogen) 36Cl (3.01 x 105 y) ε, e- Neutron activation 
Ni (VIII, heavy metal) 63Ni (96 y) 

59Ni (7.5 x 104) 
β- 

β+, ε 
Neutron activation 

Sr (IIa) 89Sr (50.5 d) 
90Sr (28.5 y) 

β-, γ Fission 

Nb (Va) 94Nb (2.03 x 104) β-, γ, e-  
Tc (VIIa,) 99Tc (2.13 x 105 y) β-, γ, e- Fission 
Ru (Group VIII, heavy metal) 106Ru (368 d) β- Fission 
I (VIIb, halogen) 129I (1.57 x 107 y) 

131I (8.04 d) 
β-, γ, e- 

β-, γ 
Fission 

Cs (Ia) 134Cs (2.06 y)  
137Cs (30 y) 
135Cs (2.0 x 105 y) 

β-, β+, γ 
β- 

β- 

Fission 

Po (VIb,)  210Po (138 d) α, γ 238U decay series 
Pb (IVb, heavy metal) 210Pb (22 y) β-, γ 238U decay series 
Ra (IIa) 226Ra (1600 y) α, γ 238U decay series 
Th (Actinide series) 227Th (18.7 d) 

228Th (1.9 y)  
230Th (7.7 x 104 y) 
231Th (25.5 h) 
232Th (1.4 x 1010 y) 
234Th (24.1 d) 

α, γ, e- 

α, γ 
α, γ, e- 

β-, γ, e- 

α, γ 
β-, γ, e- 

Natural, U & Th series 
decay chains 

U(Actinide series) 234U (2.45 x 105 y) 
235U (7.04 x 108 y) 
238U (4.47 x 109 y) 

α, γ 
α 
α, e- 

Natural 

Pu (Actinide series) 238Pu (88 y) 
239Pu (2.4 x 105 y) 
240Pu (6.5 x 103 y) 
241Pu (14.4 y) 

α, β-, γ 
α, γ 
α, e- 

α, β-, γ 

Activation-Neutron 
capture 

Am (Actinide series) 241Am (432 y) α, γ Activation-Neutron 
capture decay of 241Pu 

Np (Actinide series) 237Np (2.1 x 106) α, γ, e- Activation-Neutron 
capture 

Cm (Actinide series) 242Cm (163 d) 
243Cm (28.5 y) 
244Cm (18.1 y) 

α, γ 
α, γ, ε, e- 

α, γ 

Activation-Neutron 
capture 
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4.3 Temporal and spatial scale 
4.3.1 Issues and options 
There are a number of aspects concerning the temporal scale that will determine the most 
appropriate methodology for further assessments of radionuclide transfer and exposure. These 
include: 

• whether the discharge into the environment is at one given point in time (e.g. as for 
accidental releases); 

• whether the discharge is continuous; 
• whether steady state can be assumed; and 
• whether persistence of the discharge is such (e.g. in the case of repositories for high-level 

and long-lived waste) that the ecosystems affected are likely to undergo physical or 
ecological changes or transitions. 

Spatial considerations may be very specific to a particular assessment, whether site-specific or 
generic. Although dispersion and transport models are not being developed within FASSET, 
the interface with these models is important, as they will provide the basis for the definition of 
the area to be included in the assessment. 

The External Forum did not identify any issues that were strictly coupled to the temporal and 
spatial aspects of the assessment context. The general issues of flexibility, as mentioned in 
Sections 4.1.2 and 4.2.2, have implications on the spatial and temporal scales.  

4.3.2 FASSET – temporal and spatial scales 
It is apparent from the discussion on the purpose of FASSET (see Section 4.1.2) that the 
framework must be able to consider: 

• acute and chronic exposures � which implies that the assessment will have to consider both 
long- and short-term effects; and 

• ongoing, past and future releases � which implies that different time and spatial scales will 
need to be considered. 

The need to consider both acute and chronic releases results in different input quantities being 
required for calculation of transfer in the different environmental compartments. For instance, 
in terrestrial systems the framework will need to be able to predict transfer from inputs as 
Bq m-2 (acute deposition) and Bq m-2 y-1 (chronic deposition). In the case of aquatic 
ecosystems inputs may be Bq y-1 (chronic input), Bq (acute release) or Bq m-2 (accidental 
deposition). 

It should be noted that no specific consideration of changes in the biosphere with time, or of 
the transition between one biosphere state and another, is made within the FASSET 
framework. However, FASSET should be applicable to future biosphere states (assumed and 
predicted) or past situations. 
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4.4 Biosphere system description, including level of simplification 
4.4.1 Issues and options 
There is a large number of factors within an assessment framework that can be treated with 
different levels of simplification depending upon the assessment requirement. This usually 
means that the assessments become more conservative as they become simpler (depending on 
the assessment purpose). The level of simplification becomes an extremely important factor in 
the choice of �assessment biosphere�, considering the innumerable interactions within natural 
ecosystems. Examples of extreme simplification are to assume immersion in undiluted 
discharge in air or water streams, or maximising external and internal exposure by assuming 
that the target organism is infinitely small and infinitely large respectively. In all cases, there 
is a trade-off between the information value and the difficulties in performing the assessment, 
for instance simplifications may be required because of data gaps. Similarly, whilst a full site-
specific approach may provide the most information it will be at highest costs. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4-3 illustrates some of the choices relevant to the level of simplification and the choice 
of assessment biosphere (note that biosphere is used throughout the text � although other 
terms like, e.g., ecosystem or habitat may function equally well, biosphere is used since it is 
general and well established in radioactive waste management). The figure distinguishes 
between: 

• The stylised approach � in which a number of representations are introduced relevant to 
lide transfer and the geometries and exposure 

Stylised
approach

Simplified 
biosphere

Reference
(assessment)
biosphere

Deterministic
assessment

Probabilistic
assessment

Comparison to
fixed standard
(conservative)

Comparison to  
fixed
standard

Comparison
to probabilistic
standard

Site-specific
approach

Assessment
purpose

PLANNING and 
PROBLEM 
FORMULATION ASSESSSMENT

RISK 
CHARACTERI-
SATION

Figure 4-3   View of 
assessment procedures 
incorporating different 
approaches to 
simplification. 
one or several factors, e.g. the radionuc
   

situations of radiation targets. The stylised approach can be (although somewhat 
arbitrarily) divided into either 
� a simplified biosphere, e.g. tier one of multi-tiered systems, or  



FASSET 45  
Contract No FIGE-CT-2000-00102 
 
 

   

 

� an assessment biosphere in which generic (e.g. based on lists of biosphere features, 
events and processes, FEPs), or generalised (when data are available) but less simplified 
and conservative parameter values are used. 

• The full site-specific approach, including analysis of the actual ecosystems, in terms of, 
e.g., the organisms therein, their interactions and productivity.  

Figure 4-3 also illustrates how the assessment outcome may be in the form of discrete 
numbers (such as averages) or as a probability distribution. This relates to data availability 
(See Section 4.7) and to uncertainties. Also environmental standards may be in the form of 
distributions, thus allowing for computation of environmental �risk� in a probabilistic fashion. 
For the simplified, �tier one-type� assessments, only deterministic assessments would be 
relevant. 

The audience of the External Forum addressed this aspect of the assessment context only in 
general terms. The concepts of reference biosphere and reference organisms were mentioned 
as possible means of simplifying the assessment while retaining substantial information value. 
Also the urge for a flexible assessment tool that can be applied to a multitude of sources and 
discharge conditions necessitate the use of a �generic� approach.  

4.4.2 FASSET – biosphere system description including level of simplification 
Already from the discussion of assessment purpose, source term and hazard identification, 
and spatial and temporal scales, it is clear that the framework built up within FASSET needs 
to use an approach that optimises information value relative to data requirements, costs and 
managerial aspects. During the 3rd FASSET Workshop (April 2002), it was argued that, in 
order to fulfill the purpose of FASSET: 

• FASSET will provide �realistic assessments� and will not be overly conservative � a 
precautionary approach (the adoption of which is a management decision outside the 
FASSET framework) can be based on this; 

• FASSET will, as far as possible, be based on generalised ecosystem-specific empirical 
data; 

• inevitable data gaps will be identified and filled when possible on the basis of modelling 
and expert judgement (including interpretation of FASSET databases); and 

• reference organisms will be used as a basis for modelling (using simplified models where 
appropriate) and to pool data � the use of reference organisms is coherent with the 
approach used by ICRP (reference man).  

The selection of biosphere systems was predefined from the outset of the project. Thus, 
generalised data and models (rather than FEP-based assessment biospheres) will be used, to 
the extent available, relevant to:  

• the terrestrial ecosystem: 
� forests; 
� semi-natural pastures and heath lands; 
� agricultural ecosystems; and 
� wetlands. 

 

• the aquatic ecosystem: 
� fresh-water ecosystems; 
� brackish ecosystems; and 
� marine ecosystems. 

A further aspect of simplification � the reference organism concept � will be dealt with in 
Section 4.5. 
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4.5 Object of protection 
4.5.1 Issues and options 
General considerations 
Programmes for environmental assessment or management generally focus on the 
maintenance of population integrity, to avoid or limit changes in population characteristics 
that would affect ecosystem characteristics and functions. This does not imply that 
ecosystems can be preserved in a state of no change; ecosystem characteristics are bound to 
change for natural reasons but changes caused by anthropogenic input of contaminants are 
considered undesirable.  

Ideally, the selection of the object of protection identifies the ecologically relevant target for 
assessment calculations, which combined with the effects analysis (see Section 4.6) forms the 
basis for estimates of actual or potential impact on non-human biota. The selection of the 
object of protection is thus vital to the identification of the measurement endpoints (the 
measured or predicted values that the assessment produce) and the assessment endpoints (the 
effects inferred from the measurements or predictions and which the framework is designed to 
study).  

The selection of the organisms or ecosystem features to be studied in an assessment, and the 
selection of the quantities to be predicted or measured in order to study the degree of 
protection, is again carried out differently in different assessment systems. The endpoints to 
be studied can be: 

• specified by national legislation � e.g. rare or endangered species, or species of cultural or 
economic value; 

• specified by the assessment system � the specification is usually justified, e.g. a number of 
criteria are given to pin-point organisms and ecosystem features to be studied; 

• chosen for each individual assessment � guidance as to how to chose the organisms to  
be studied is often given, e.g. sets of criteria for application in generic or specific 
assessment; and 

• identified by the purpose of the assessment � e.g. in a particular component of the recipient 
environment, such as downstream fisheries. 

Criteria for choice of assessment endpoints 
Criteria for identifying ecological assessment endponts have been the subject of substantial 
scientific debate [see e.g.,  Cairns, 1995; Cairns & Niederlehner, 1992; Calow, 1994; Jones & 
Kaly, 1996; Kelly & Harwell, 1989]. An array of criteria has been proposed to characterize 
the �ideal� endpoint. Criteria used in the justification/guidance to the choice of organisms or 
ecosystem features are most often: 

• importance to the structure and function of the community; 
• importance to issue of concern to humans; 
• expected to have a high degree of exposure; 
• displaying a high degree of sensitivity (including variations between stages in the life cycle 

and between tissues and organs); and 
• relevance to management issues. 
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The different proposed criteria often represent extremes of biological continua (such as 
sensitivity, abundance and longevity), where the selection of endpoints from either extreme 
can be advocated. For example, one can support an argument for selecting the most abundant 
species, those that are moderately common or the least abundant species in a community. In 
fact, if all advice were taken on which species to choose, one would have to examine virtually 
all species present in some communities. Consequently, there is a need to reduce the number 
of selection criteria, and to reduce the importance of double-ended criteria.  

A common selection criterion in ecological risk assessments has been to try to identify the 
most sensitive species in an ecosystem. This search for the most sensitive species is based on 
the observation that the sensitivity of organisms to chemical stress varies considerably, from 
two up to seven orders of magnitude, and thereby the response of a single arbitrarily chosen 
organism will not protect all other organisms. Although it is possible to extrapolate from a 
response of one species to the response of another closely related species, the reasoning 
behind the alleged ability to do so is far from robust. In most cases lack of knowledge is the 
major problem. Furthermore, since the relative sensitivity of different organisms varies 
depending on environmental conditions and the type of toxicant, it might even be theoretically 
impossible to identify the most sensitive species for any given contaminant.  

A further conclusion that can be drawn based on the ecotoxicological literature is that no 
single organism, taxon or ecosystem process can on its own be used to guard against 
detrimental ecological effects. Instead there is a need to consider a variety of hierarchical 
levels, a variety of taxa from a number of habitats and functional groups. The proper length of 
the list of assessment organisms and endpoints can only be defined in the context of the goals, 
the impacted ecosystem and the scales of the specific assessment. 

Another line of argument is that the most useful criteria to apply in order to reduce the 
measures of ecosystem health down to a manageable level is their relevance to human 
concern. These �human concerns� include endpoints of ecological, economic, cultural or 
aesthetic value. This would secure that the environmental risk can be evaluated in a manner 
that supports risk management. 

Naturally, other selection criteria such as accessibility to measurement and sensitivity are 
important and need to be considered to be able to design cost-efficient assessments. 
Therefore, from a managerial point of view, it can be observed that:  

• endpoint selection should be based on the goals of the assessment and what is to be 
protected; and 

• there is a danger of having a rigid set of criteria built into the regulatory framework, since 
the optimal set of organisms will vary considerably depending on objectives, and specific 
ecosystem and impact of interest.  

The use of representations for calculation purposes  
The organisms or ecosystem features to be studied can be of different types: 

• theoretical � e.g. distribution based systems look at a certain proportion of all species 
showing a certain type of effect; 

• generic � certain organism �types� are adopted in many assessment systems, e.g. a pelagic 
fish or an aquatic macrophyte (generic organisms are often used in order to allow 
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extrapolation of data from one species to organisms relevant to the assessment; generic 
organisms, defined in terms of their geometry, have also been used to simplify dose 
calculations for biota); 

• specific � species or features of the ecosystem, in the case of site-specific assessments 
where data availability is good, or data can be collected (e.g. key species or key ecosystem 
processes such as keystone predators, soil respiration, nitrogen fixation and 
decomposition). 

Whether a full site-specific assessment is performed or not, there is, in most if not all cases, a 
need for the development of calculation tools that make use of �images� of organisms, to serve 
in calculations of external and internal exposure of various organisms. In human radiological 
protection, such images � known as the reference man � has been used for several decades to 
assist calculation of exposure. A similar concept for representation of non-human biota in 
exposure calculations may be required, e.g. reference flora and fauna (or reference organisms 
� as defined in Section 4.5.2) as proposed by Pentreath and others [Pentreath, 1999; Strand et 
al., 2000; Pentreath & Woodhead, 2001]. In view of the enormous diversity of natural 
ecosystems, there is a need to limit the number of representations while not losing 
information value, which reflects on the reasoning in Section 4.4. However, as suggested by 
Pentreath [2002a, 2002b], secondary reference organisms more adjusted to a particular 
assessment situation, may be derived from a fairly limited number of primary reference 
organisms. 

There are two considerations that have to be made in the selection of reference organisms:  

• the criteria necessary to select them; and  
• the manner by which to describe them, taxonomically, once selected. 
With regard to the former, some suggestions have already been made [Pentreath & 
Woodhead, 2001]. Again, one might like to select those organisms known to be particularly 
sensitive to radiation or those that are vital components of a particular ecological community. 
But if one had the extensive knowledge to select the reference organisms on these criteria 
alone, then one would never need to resort to the approach that FASSET is attempting in the 
first place (see also discussion on criteria for endpoint selection above). When considering 
candidate reference organisms one therefore has to be pragmatic and also take note of: 

• the extent to which they are considered to be representative organisms of a particular 
ecosystem; 

• the extent to which they are likely to be exposed to radiation (or of any other hazardous 
substance in general) from a range of radionuclides in a given situation, both as a result of 
bioaccumulation and the nature of their surroundings, and because of their overall lifespan, 
lifecycle and general biology; 

• the stage(s) in their life-cycle likely to be of most relevance for evaluating total dose or 
dose-rate, and of producing different types of dose-effect responses;  

• the extent to which their exposure to radiation can be modelled using relatively simple 
geometries;  

• the chances of being able to identify any effects at the level of the individual organism that 
could be related to radiation exposure; 
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• the amount of radiobiological information that is already available on them, including data 
on probable radiation effects; 

• their amenability to future research in order to obtain the necessary data on radiation 
effects; and  

• most importantly � for a project and system like FASSET which is a tool to aid decision 
makers � the extent to which they have some form of public or political resonance, so that 
both decision makers and the general public at large are likely to know what these 
organisms actually are, in common language.  

A substantial amount of arguments were raised during the External Forum regarding the use 
of reference organisms. These ranged from support to some scepticism � that the assessor 
would most likely prefer to work on real organisms than on representations. However, 
arguments were also raised to keep the number of reference organisms small, i.e. to start with 
< 10, and then derive secondary reference organisms as necessary. It should also be noted that 
the use of reference organisms is intended to � amongst other uses � facilitate exposure 
analysis including the dosimetric conversion. It should also be borne in mind that there are 
movements in society that would consider the introduction of any anthropogenic and/or 
hazardous substance as unjustified on ethical grounds, and thus not recognise biological 
endpoints as relevant. Again, however, this lies outside the scope of the FASSET project that, 
from the outset, has targeted the biological impact of radiation. 

4.5.2 FASSET – Object of protection 
Reference organisms 
For the purpose of FASSET, the reference organism approach has been selected on the 
grounds that it makes possible pooling of diverse information on exposure and effects for a 
range of organisms, while still keeping the number of models and conversion factors 
necessary for assessment to a minimum. Thus, the reference organism approach contribute to 
make the framework manageable. Through the successive FASSET workshops, a definition 
of the reference organism has been agreed: 

�a series of entities that provide a basis for the estimation of radiation 
dose rates to a range of organisms which are typical, or representative, 
of a contaminated environment. These estimates, in turn, would provide  
a basis for assessing the likelihood and degree of radiation effects’. 

Essentially, the reference organism will be identified as a biological component of ecological 
significance, to which geometric representations are fitted for calculation purposes. The 
biological component plus its geometric representation makes up the reference organism. A 
preliminary list of biological components (termed �candidate reference organisms�) was 
drawn up on the basis of radionuclide transfer (radioecological sensitivity) data for the 
different ecosystems considered [FASSET, 2001b]. It has subsequently been agreed, during 
the 4th FASSET workshop, in October 2002, that the project will retain all these, whereas the 
work on dosimetry carried out within WP 1 of the project will fit appropriate calculation tools 
to these biological components.  
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The factors determining the radioecological sensitivity are: 

• whether the habitat or feeding habits of the organism are likely to maximize its potential 
exposure to radionuclides, based on an understanding of the distribution of the different 
radionuclides within the ecosystem; 

• whether the organism exhibits radionuclide-specific bioaccumulation which is likely to 
maximize internal radionuclide exposures in particular circumstances; and 

• whether the position of the organism within the food chain (e.g. top predator) is such that 
biomagnification of radionuclides up the food chain may lead to enhanced accumulation.  

Table 4-4 lists the biological components or �candidate reference organisms� under 
consideration. For the aquatic environment it has been considered appropriate to distinguish 
between sediment and water column in the selection of organisms; for the terrestrial 
environments it was considered appropriate to distinguish between soil, herbaceous layer and 
canopy.  

Table 4-4   Biological components (‘candidate 
reference organisms’) identified from an exposure 
pathways analysis. 

Terrestrial ecosystems Aquatic ecosystems 
Soil 
Soil micro-organisms  
Soil invertebrates, �worms� 
Plants and fungi 
Burrowing mammals 
 
Herbaceous layer 
Bryophytes 
Grasses, herbs and crops 
Shrubs 
Above ground invertebrates 
Herbivorous mammals 
Carnivorous mammals 
Vertebrate eggs 
 
Canopy 
Trees  
Invertebrates 

Sediment 
Benthic bacteria  
Benthic invertebrates, �worm� 
Molluscs 
Crustaceans 
Vascular plants  
Amphibians 
Fish 
Fish eggs 
Wading birds 
Sea mammals 
 
Water column 
Phytoplankton 
Zooplankton 
Macroalgae 
Fish 
Sea mammals 

The final definition of reference organisms will be an iterative process taking into account of 
dosimetric considerations. Work on the specification of geometries is under way in WP 1, and 
an example of such geometries selected for various animals is shown in Table 4-5.  
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Table 4-5   Characteristic of reference organisms for the estimation of external 
exposures. 

Targets Example Shape Length, 
cm 

Diameter,
cm 

Location 
relative to soil 
surface, cm 

Shielding 
layer, cm 

Soil invertebrate earthworm cylinder 0.5 0, �5, �20 0 
mole 5 0, �15, �25, �35 Small burrowing 

mammal mouse 
ellipsoid 

10 
0, �10, �25 

0.1 

Reptile snake cylinder 100 
3 

0, �25 0 
rabbit 30 12 0 0.1 
roe deer 60 27 40 Herbivorous 

mammal 
cattle 150 70 50 

0.3 

fox 30 12 30 0.1 Carnivorous 
mammal wolf 60 27 20 
Herbivorous bird pigeon 10 3 300 
Carnivorous bird hawk 

ellipsoid 

30 12 1 000 
0.3 

 

4.6 Defining the effects analysis 
4.6.1 Issues and options 
Any system for assessing the impact of a contaminant on the environment necessitates an 
effects analysis. Either the effects analysis can be a part of the assessment framework. It can 
also be performed separately to derive permissible levels of exposure in the environment, 
mainly for the purpose of compliance assessments (see Section 4.1.1 and Figure 4-1). In either 
case, the effects analysis must: 

• identify relevant biological effects for assessing impact (relationship between exposure and 
effect; dose-effect relationship); 

• identify the severity of specific effects at different levels of exposure (relationship between 
exposure and degree of response; dose-response relationship); 

• be relevant for the protective aim, which usually is to maintain population viability so that 
contaminants do not provoke additional changes in ecosystem structure and function; and 

• be manageable, i.e. the effects information should be organised into categories that are 
relevant for the purpose of the impact assessment, and its quality should be checked.  

A general complication in the effects analysis is that the direct effect of an environmental 
contaminant may occur at, e.g., the molecular or cellular level, and that these effects 
�propagate� to higher hierarchical levels where they become observable as disease in an 
individual organism or loss of population viability. For the purpose of environmental 
protection, the assumption is often made that an effect must be observed at the level of the 
individual organism in order to provoke effects at higher hierarchical levels, such as the 
population. Although this bottom-up approach is both appealingly pragmatic and is based on 
simple and sound logic, there has in previous ecotoxicological risk assessment frameworks 
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been a concern that small, statistically undetectable effects on individual life-history traits 
could be magnified into ecologically relevant effects at the population level and above.  

In response to this concern, Forbes & Calow [2002] reviewed the available literature and 
Forbes et al. [2001] performed population simulations. The conclusion of these studies was 
that individual level responses (e.g. morbidity and reproduction) in most cases were protective 
of population level effects. Some issues can, however, be identified where lack of knowledge 
currently adds to the uncertainty connected with extrapolating from individual level traits to 
higher hierarchical levels: 

• The extrapolation from individual traits to the population is often based on the most 
sensitive life stage paradigm, which assumes that the population will be protected if the 
most sensitive stage of the life history is protected. However, the most sensitive life stage 
might not be the most important stage for maintaining population viability. For example, in 
species that produce a large number of offspring, contaminant effects on other stages of the 
life cycle will be more important for the population even if larval stages are most sensitive 
to contaminants. A further complication is that contaminant sensitivity of various stages of 
the life cycle also may vary among toxicants as well as among species. 

• Density dependent factors (e.g. increased reproduction at lower population densities) are 
generally believed to render populations less sensitive than the individual organism. But 
theoretical and empirical studies have also indicated that the opposite can be true (i.e. more 
severe effects at the population level) [Forbes et al., 2001]. Based on current knowledge it 
is therefore hard to make general conclusions on how density dependence influences 
extrapolations from individuals to populations. 

• Theoretical models have indicated that certain types of population dynamic features may 
result in increased sensitivity at the population level (e.g. rapidly growing populations, and 
in small populations as described below). 

• Especially in small isolated populations increased mutation rates due to chemical 
contamination or radiation may lead to reduced fitness (i.e. mutation load), and potentially 
to population decline and extinction on purely genetic grounds (i.e. mutational meltdown). 
In this detrimental process other factors such as environmental and demographic instability 
can act as accelerating factors.  

• When extrapolating from ecosystem structure to function the presence of key species or 
low redundancies within functional groups may lead to severe functional effects with the 
loss of especially important species. If such ecological knowledge exists it can increase the 
reliability of the assessment, especially in site-specific assessments. Most of the time, 
however, we will not know the identity of the keystone species. Therefore, protection of 
species in general is vital so that key species are not lost. 

To summarise, even though several factors complicate simple extrapolation of individual 
level effects to populations, current knowledge supports the conclusion that, in general, 
individual level effects are protective of population level effects. Further, it does not seem 
warranted to use additional safety factors during the risk characterisation phase of the risk 
assessment to account for these remaining extrapolation uncertainties. 

A number of aspects of particular relevance to the effects analysis was discussed during the 
FASSET External Forum. The use of the radiation dose or dose rate is widely recognised as 
relevant quantities when relating effects to environmental radiation. However, there still 
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remain discussions on how relevant quantities and units should be derived for non-human 
biota. Furthermore, there are substantial gaps in the knowledge on relevant effects in many 
organisms groups, as well as discrepancies between the ways effects data have been obtained 
� partly as a consequence of lack of agreed test procedures.  

As to the effects, a number of aspects were considered, including the need to be able to scale 
effects data to higher levels of biological organisation and that effects (and targets) should be 
meaningful and understandable from the public perception point of view. 

4.6.2 FASSET approach to effects analysis 
Choice of radiation dose (rate) as basis for relating exposure to effects 
Formulating the analysis of effects and responses within FASSET is based on knowledge of 
the radiation dose rate, or dose in the case of acute effects. The environmental concentration 
of a particular radionuclide is the �mirror image� of the radiation dose. However, the degree of 
biological effect is related to the radiation dose (rate) in a manner that varies not only with the 
internal and external concentration of the radionuclide, but also depends on the nature of the 
radionuclide. This is expressed through different degrees of biological effectiveness. For 
practical purposes, the effectiveness may be expressed as the relative biological effectiveness, 
RBE. These aspects are subject to studies within the FASSET project and considered in 
FASSET Deliverable 4 (due April 2003). 

The use of dose (rate) as the basis for the effects analysis requires the development of 
dosimetric tools for the different external and internal exposure geometries that are relevant 
for different organisms occupying different habitats (see further Section 4.5.2). The effects 
analysis may select a range of targets that might be of significance for the purpose of 
dosimetry, possibly including: 

• the whole body, if there is no information on the differential distribution of radionuclides 
within the organism (this would be relevant for mortality, including stochastic mutation 
rates in somatic tissues, and morbidity); 

• the gonads (fertility and heritable mutations) and the meristems in plants (both for 
mortality, damage to growth potential, and the gamete bearing tissues); 

• externally developing embryos and seeds; and 
• specific tissues or organs if data are available. 

The individual organism as target level in biological hierarchy 
While the FASSET approach does not deviate from the general goal of protecting populations 
and ecosystems, FASSET has taken the direct view that assessments should centre on 
individual organisms. This decision is based on the simple grounds that effects on higher 
hierarchical levels such as populations and ecosystems must first be manifest at the level of 
individual organisms. There are, as far as current knowledge goes, no indications that 
radiation can affect higher organisational levels directly, without being observable at the 
individual level. However, it needs to be recognised that this is presently a pragmatic 
approach supported by logic reasoning, but � as reviewed above � there may be scientific 
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reasons to maintain a critical attitude to the generality of this view, as well as to acknowledge 
the difficulties in scaling effects from lower to higher hierarchical levels. 

The use of reference organisms to pool effects data  
The reference organism concept allows for pooling of effects data and thus provides a broader 
basis for assessing impacts, than if the impact assessment has to rely on a single organism for 
which few if any data are available.  

A list of factors may be considered for use as a basis for the definition of reference organisms, 
on the basis of effects data: 

• Metabolism and physiology � This allows consideration of the potential of the organisms 
to accumulate radionuclides. It has been concluded that the use of metabolic/physiological 
models of radionuclide accumulation for input to the dosimetry models is probably an 
unwarranted degree of sophistication for the FASSET system. It is proposed that 
equilibrium concentration factors, transfer factors and Kd should be used. 

• Trophic level � This is probably relatively unimportant for γ-emitters but is a significant 
determinant for α- and β-emitters. It allows consideration of organism mobility, life cycle 
and lifespan.  

• Reproductive strategy � This will include considerations of the influence of the number of 
offspring on ecological sensitivity, asexual and clonal reproduction, and life cycle.  

• Biological complexity � This will allow account to be taken of taxonomy and it will be 
necessary to explain what level, e.g., the family, the reference organism represents. 

The choice of types of effect and their relationship to specific effects 
Because all the observed endpoints at the individual level could be presumed to have a 
consequence at the population level, FASSET decided to group these endpoints into four 
types of effect that have significance at the population level. It is assumed that these four 
�umbrella effects� include all the observed effects at the individual level. 

• mortality � the death of organisms directly attributable to radiation; 
• morbidity � loss of functional capacities generally manifested as reduced �fitness�, which 

may render the organisms less competitive and more susceptible to other stressors, thus 
reducing the life span; 

• reduced reproductive success � any effect that would reduce the number of offspring; 
• cytogenetic effects � mutations, etc. 
It is recognised that these four categories of effect are not mutually exclusive, e.g., effects 
leading to changes in morbidity may simply result in a change in the age-dependent death 
rate, and an increase in mutation rate may lead to changes in reproductive success. However, 
they provide a convenient means of summarising the available information in a structured 
way that is meaningful within the objectives of the FASSET project. 

This means that a number of specific effects may contribute to each group of effect, but also 
that some specific effects may be included in more than one effect group. This relationship is 
illustrated by a number of examples given in Table 4-6. 
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Table 4-6   Examples of relationships between specific effects and umbrella effects. 

Type of effect Specific effect 

Mortality Includes the stochastic effect of somatic mutation and its possible 
consequence of cancer induction as well as deterministic effects in particular 
tissues or organs that would change the age-dependent death rate. 

Morbidity Includes growth rate, effects on the immune system, the behavioural 
consequences of damage to the central nervous system from radiation 
exposure in the developing embryo. 

Reduced reproductive 
success 

Including fertility (the production of functional gametes) and fecundity (the 
survival of the embryo through development to an entity separate from its 
parents). 

Cytogenetic effects Indicators of mutation induction in germ and somatic cells, of potential 
consequence for the affected generation and its offspring. 

Organisation of effects data – the FASSET Radiation Effects Database 
The FASSET framework integrates the effects analysis within the assessment procedure. A 
solution was therefore needed for the selection and organisation of existing effects data. The 
problem of organising, evaluating and integrating effects information within the framework is 
paramount. A total number of 234 725 references in the last 50 years on radiation effects were 
found after searching two databases for information � yet, none of these consider morbidity in 
wildlife categories such as soil fauna, amphibians and reptiles. Thus, the wealth of effects data 
contrasts sharply with data gaps for certain combinations of effects and wildlife of vital 
importance to FASSET. 

A structured database of radiation effects, the �FASSET Radiation Effects Database�, is being 
developed within FASSET WP 3, and will serve as a basis for the analysis of radiation 
effects. A number of exclusion criteria need be applied, inter alia: 

• the information concentrates on the most relevant papers due to the vast quantity of 
published papers (for certain organisms), using informed judgement on the requirements of 
the FASSET project, and data such as dose, dose rate and umbrella effect; 

• note references that cannot be accessed; 
• collection of data back to 1945 � due to problems in accessing the earlier literature; and 
• need to be open and transparent in collation exercise, which will be as important as the 

information itself. 

The database considers the four relevant umbrella effects described previously, and a number 
of wildlife groups, those being: fungi, plants, moss/lichen, bacteria, zooplankton, aquatic 
plants, amphibians, reptiles, fish, mammals, soil fauna, crustaceans, molluscs, birds, insects, 
and aquatic invertebrates. 

The selection of wildlife groups is from a taxonomic point of view arbitrary. It is principally 
based on the need to separate broad organism categories that may for a multitude of reasons 
become important during assessments, and in order to make reasonable use of available data 
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on radiation effects. Undoubtedly, the exercise will indicate where significant data gaps exist, 
and may hopefully also guide future research in this area.  

The FASSET Radiation Effects Database will be available as a separate project deliverable on 
the FASSET website, together with the FASSET Deliverable 4 dealing with effects to be 
published in April 2003. 

4.7 Data availability and requirement 
4.7.1 Issues and options 
Estimates of uncertainty/or confidence need to be transparent and clearly demonstrated. The 
level of uncertainty depends on how probabilistic or deterministic, and how cautious/ 
conservative or realistic the assessment is, as well as on the availability and reliability of data. 
Models and data have a strong relationship, which is dependent on the quality of the data. It is 
important to have consistency within the choices of data, from the formulation of the 
assessment context through to the development of the model. However, data are often 
supplied from a number of sources, which can lead to uncertainty in the results. There are 
essentially three types of data sources:  

• generic data from reliable and traceable sources; 
• well-known local data; and 
• poorly characterised data. 
The alternative options for data requirements are: 

• the necessary data is prescribed prior to the assessment, the risk in this case is that there is 
no available data; and 

• all available information is used and the data sources are clearly recorded and specified. If 
necessary data is lacking there will be a need for extrapolating, e.g. from acute to chronic 
or between species. This may lead to a need to introduce safety factors � with the choices 
supported by scientific arguments. This option can be regarded as a default option. 

If the biosphere system being assessed is part of a site-specific situation, data will be the key 
issue. If data is missing or incorrect, it is important to investigate ways of identifying the 
correct data. This can be done, for example, through a formal elicitation process, such as an 
expert group. 

A further complication is the treatment of background. The environmental effect of 
radionuclides in the environment is related to the total dose, which includes the natural 
background, anthropogenic background and the dose increment from the source being 
assessed. 

The IAEA BIOMASS project has linked the data requirement to the assessment context in the 
schematic way presented in Figure 4-4. 
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Figure 4-4   Relationships between data types, data availability and data 
requirements for structured data management [BIOMASS, 2001]. 
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4.7.2 FASSET approach to data requirements and uncertainties 
FASSET is based on the use of measured data from traceable sources for European 
ecosystems. Quality checks are being carried out on the data, and use of data is being 
maximised by pooling the available data. Where data are insufficient, a reasonable degree of 
caution will be adopted, accompanied by clear statements about the assumptions made and the 
introduced uncertainties. Different types of data have different sources.  

• effects data (literature) � existing data; 
• transfer factors � calculated (empirical) data; and 
• extrapolations � derived from other data. 
Data origin must be stated for transparency, and uncertainties and constraints associated with 
the data must be stated. Data assumptions made during the assessment must be clearly 
documented. When data are poor, reasonably cautious values should be selected on the basis 
of extrapolation.  

Since effects of radiation are related to the total dose, i.e. including the background, and since 
the dose-response relationships in many instances are non-linear; assessments of 
environmental impact would need to consider background separately. FASSET will need to 
give guidance to the assessor about how to measure or derive background levels, including the 
consideration of all sources into the receiving environment, which is to be assessed. 
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5. Concluding remarks 
From the review and comparison of systems, and from the attempt to create an assessment 
context for FASSET, it becomes clear that the environmental impact of ionising radiation can 
be assessed in a similar manner, as is the impact of hazardous substances in the environment. 
It may be unfortunate from this perspective that ionising contaminants have not previously 
been included in frameworks dealing with environmental risks. The reason for this may be the 
position of the ICRP as expressed in Publication 60 [ICRP, 1991] that the environment is 
already protected through the actions taken to protect man.  

Although there are commonalities in the ways environmental impact of radioactive and 
hazardous substances can be assessed, there are still aspects of assessments that are particular 
to ionising radiation, such as the exposure (including dosimetry) and effects analysis. Work 
packages 1, 2 and 3 of the FASSET project deal with these aspects [FASSET, 2000] and the 
formulation of the FASSET assessment context in this report serves as guidance for this 
technical development. These technical aspects will finally be integrated in the final 
framework, to be delivered towards the end of 2003. 
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Appendix 2 

Glossary (Part 1 and Part 2) 
 

 

Allometric 
Correlation of changes in any organism part (i.e. contaminant concentration) to organism size 
and metabolic needs. 

Assessment endpoint  
The biological effect inferred from the measurements or predictions and which the assessment 
framework is designed to study.  

Assessment framework 
Identification and demarcation of the assessment boundaries. In FASSET, the framework 
contains the process from problem formulation through to characterisation of the effects of 
radiation on individuals. The overall assessment system describes the tools, methods and 
information flow used to carry out the impact assessment.  

Bioaccumulation  
The process whereby an organism accumulates substances in living tissues to concentrations 
higher than those existing in the surrounding media (e.g., soil, water and water).  

Bioassay  
A test to determine the relative strength of a substance by comparing its effect on a test 
organism with that of a standard preparation.  

Biological diversity  
The number and abundance of species found within a common environment. This includes the 
variety of genes, species, ecosystems, and the ecological processes that connect everything in 
a common environment.  

Biomass 
The total weight of all living organisms in a biological community.  

Biological half-life  
The time required for a biological system (e.g., animal) to eliminate, by natural processes, 
half the amount of a substance that has been absorbed into that system.  

Biomagnification (Biological magnification) 
Situations where the concentration of certain substances increases as one moves higher up the 
food chain.  
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Biosphere 
That part of the environment normally inhabited by living organisms. 

In practice, the biosphere is not usually defined with great precision, but is generally taken to 
include the atmosphere and the Earth�s surface, including the soil, surface water bodies, seas 
and oceans and their sediments. There is no generally accepted definition of the depth below 
the surface at which soil or sediment ceases to be part of the biosphere, but this might 
typically be taken to be the depth affected by basic human actions, particularly farming. 

In waste safety in particular, the biosphere is normally distinguished from the geosphere.  

Biota 
The animal and plant life of a given region. 

Contaminant  
Any physical, chemical, biological, or radiological substance or matter that has a potentially 
adverse effect on air, water, or soil, with the implication that the amount is measurable. 

Cytogenetic effect 
An observed effect in chromosomes that can be correlated with adverse hereditary effects or 
genetic effects (effects that are inheritable and appear in the descendants of those exposed). 

Dose-effect  
The relationship between dose (usually an estimate of dose) and the gradation of the effect in 
an exposed population, that is a biological change measured on a graded scale of severity.  

Dose-response  
A correlation between a quantified exposure (dose) and the proportion of an exposed 
population that demonstrates a specific effect (response).  

Ecological impact 
The total effect of an environmental change, natural or man-made, on the community of living 
things. 

Ecosystem  
The interacting system of a biological community and its nonliving surroundings.  

ECx 
The concentration of a substance that is estimated to cause some sublethal toxic effect on x % 
of the test organisms under specified conditions. The duration of the exposure must be 
specified.  

Effect  
A biological change caused by an exposure.  

Environment  
Water, air, land, plants and man and all other organisms living therein, and the 
interrelationships which exist among them. 
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Environmental impact statement  
A document providing information for decision makers on the positive and negative effects of 
an action, practice or policy, which identifies and evaluates the environmental impacts of the 
hazard source and feasible alternatives, including taking no action. 

Environmental justice 
Environmental justice, often used interchangeably with the term environmental equity, refers 
to the distribution and effects of environmental problems and the policies and processes to 
reduce differences in who bears environmental risks. In a general sense, it includes concern 
for disproportionate risk burden placed upon any population group, as defined by gender, age, 
income, race, nationality or generation. 

Environmental quality criteria  
The levels of pollution and lengths of exposure, above which adverse effects may occur on 
health and welfare.  

Environmental quality standards  
The level of pollutants prescribed by law or regulation that cannot be exceeded during a 
specified time in a defined area.  

Exposure assessment  
The process of measuring or estimating the intensity, frequency, and duration of exposures to 
an agent currently present in the environment or of estimating hypothetical exposures that 
might arise from the release of new chemicals into the environment. 

Fecundity 
The survival of offspring. 

Fertility 
The ability to produce offspring. 

Hazard  
A condition or physical situation with a potential for an undesirable consequence, such as 
harm to health or environment.  

Hazard identification  
Recognizing that a hazard exists and trying to define its characteristics. The process of 
determining whether exposure to an agent can cause an increase in the incidence of an adverse 
health or environmental effect. 

Hazard analysis 
Procedure used to (1) identify potential sources of release of hazardous materials from fixed 
facilities or transportation accidents; (2) determine the vulnerability of a geographical area to 
a release of hazardous materials; and (3) compare hazards to determine which present greater 
or lesser risks to a community. 

Indicator organisms 
A species, whose presence or absence may be characteristic of environmental conditions in a 
particular area of habitat; however, species composition and relative abundance of individual 
components of the population or community are usually considered to be a more reliable 
index of water quality. 
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Lowest observed effect concentration (LOEL) 
The lowest observed effect concentration in a toxicity test that causes a statistically significant 
effect in comparison to the controls.  

Measurement endpoint  
Measured or predicted value that an assessment produces. 

Morbidity 
A loss of functional capacities generally manifested as reduced �fitness�, which may render 
organisms less competitive and more susceptible to other stressors, thus reducing the life 
span.  

Mortality  
Death; the death rate; ratio of number of deaths to a given population.  

No observed effect concentration (NOEC) 
The highest concentration in a toxicity test not causing a statistically significant effect 
compared with the controls. 

Pollution  
The presence of matter or energy (e.g., smoke, gas, hazardous or noxious substances, light, 
heat, litter or a combination thereof) in sufficient quantities and of such characteristics and 
duration as to produce, or likely to produce, undesired environmental effects. 

Precautionary principle 
�In order to protect the environment, the precautionary approach shall be widely applied by 
States according to their capabilities. Where there are threats of serious or irreversible 
damage, lack of full scientific certainty shall not be used as a reason for postponing cost-
effective measures to prevent environmental degradation.� (UNCED, Rio principle 15, 1992) 

Relative biological effectiveness (RBE) 
For a given type of radiation, RBE is defined as: 
 

RBE  = 
Dose of the reference radiation needed to produce the same effect 

Dose of the given radiation needed to produce a given biological effect 
 

Reference organisms 
A series of entities that provide a basis for the estimation of radiation dose rate to a range of 
organisms that are typical, or representative, of a contaminated environment. These estimates, 
in turn, would provide a basis for assessing the likelihood and degree of radiation effects. 

Response  
The proportion or absolute size of an exposed population that demonstrates a specific effect. 
May also refer to the nature of the effect.  

Risk  
A measure of the probability that damage to life, health, property, and/or the environment will 
occur as a result of a given hazard. A technical estimation of risk is usually based on the 
expected value of the conditional probability of the event occurring times the consequence or 
magnitude of the event given that it has occurred. 
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Risk assessment  
A qualitative or quantitative evaluation of the risk posed to human health and/or the 
environment by the actual and/or potential presence of pollutants. It includes problem 
formulation, exposure and dose-response assessment and risk characterisation 

Risk characterisation 
The synthesis of information obtained during risk assessment for use in management 
decisions. This should include an estimation of the probability (or incidence) and magnitude 
(or severity) of the adverse health or ecological effects likely to occur in a population or 
environmental compartment, together with identification of uncertainties. 

Risk communication 
The exchange of information about health or environmental risks among risk assessors and 
managers, the general public, news media, interest groups, etc. 

Risk evaluation  
A component of risk assessment in which judgments are made about the significance and 
acceptability of risk.  

Risk management 
The selection and practical implementation of regulatory and non-regulatory responses to risk. 
Practical implementation of procedures, actions or policies to mitigate, reduce, remove or 
monitor health or environmental risks. 

Safety factors 
Measure of degree of uncertainty, caused by lack of effects data. For example, an estimated 
lowest observed effect concentration may, as a precautionary approach, be divided by a safety 
factor (normally within the range 10 to 10 000) to safeguard against harmful effects, where 
the magnitude of the safety factor reflects the degree and type of uncertainty (e.g., lack of 
chronic exposure data, lack of data for different taxonomic groups or trophic levels, etc.).  

Sustainability 
The ability of an ecosystem to maintain ecological processes and functions, biological 
diversity, and productivity over time.  

Synergism 
An interaction between two substances that results in a greater effect than both of the 
substances could have had acting independently. 

Threshold  
A pollutant concentration (or dose), below which no deleterious effect occurs.  

Toxicant  
A substance that kills or injures an organism through chemical or physical action or by 
altering the organism's environment; for example, cyanides, phenols, pesticides, or heavy 
metals; especially used for insect control.  
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