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PREFACE  

At its meeting in Vienna in May 2000, the Main Commission decided to set up a Task Group, 
reporting directly to it, in order to produce a report on the protection of the environment. The 
Group was tasked with the aim of developing both a protection policy and suggesting a 
framework for environmental protection based on scientific and ethical-philosophical 
principles. The proposed concepts for such a protection framework contained in this 
document include provisions for protecting non-human species, rather than the entire biotic 
and abiotic components, and ecosystems of the environment. These concepts are expected to 
feed into the Main Commission’s deliberations on how ICRP should proceed concerning its 
policy on the protection of living organisms, and thereby also into the preparation of ICRP’s 
next recommendations. 

 
The membership of the Task Group was as follows: 
 

L.-E. Holm (Chairman), Sweden 
R. Alexakhin, Russian Federation 
R. J. Pentreath, UK 
K. Shrader-Frechette, USA 
P. Strand, Norway 
P.-A. Thompson, Canada 

 
The following persons served as corresponding members: 

  
F. Brechignac, France 
D. Cancio, Spain 
S. Carroll, Greenpeace International 
M. E. Clark, USA 
S. Domotor, USA 
F. Fry, UK 
K. Fujimoto, Japan 
N. Gentner, UNSCEAR 
G. Hunter, European Commission 
A. Janssens, European Commission 
C.-M. Larsson, Sweden 

I. Likhtarev, Ukraine 
C. Mothersill, Ireland 
C. Robinson, IAEA 
S. Sadasivan, Bhabha, India 
S. Saint-Pierre, France 
R. Saxén, Finland 
A. Shpyth, Canada 
S. Sundell-Bergman, Sweden 
D. S. Woodhead, UK 
H. Yang, China  
A. Zapantis, Australia

 

The Task Group would like to thank organisations that made facilities available 
for Task Group meetings: these were the Swedish Radiation Protection Authority, 
the International Atomic Energy Agency, the Australian Office of the Supervising 
Scientist, and … 

 
The report was adopted by the Main Commission at its meeting… 
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1. INTRODUCTION 

1.1. Aims 

(1) The aims of this report are to address ICRP’s specific requests by:  
• defining how ICRP can contribute to the attainment of  society’s goals of 

environmental protection by developing a protection policy; 
• suggesting a framework for the assessment of impact of ionising radiation in 

the environment, and protection of the environment against harmful effects 
of ionising radiation, based on scientific and ethical-philosophical principles; 
and  

• showing how such a proposal for protection of the environment can be 
interfaced with or integrated into an overall system of radiological 
protection. 

The report has been produced in the light of the Commission’s latest 
comprehensive set of recommendations for radiological protection found in its 
Publications 60, 77, 81 and 82 (ICRP, 1991; 1998a; 1998b; 1999). 

1.2. Scope 

(2) Extent: The Commission has not previously dealt explicitly with 
environmental protection. Exposures of non-human organisms to radionuclides have 
been considered only in so far as they affect the radiological protection of humans. 
Hence, there are no ICRP recommendations as to why or how explicit protection of 
the environment with respect to radiation should be carried out, or what dose limits 
– if any – should be applied to other organisms. The Commission is currently 
reviewing its existing recommendations for the protection of humans with the aim of 
developing its recommendations for the 21st century. This report provides a 
conceptual framework of radiological protection of the environment that could feed 
into the next set of recommendations. 

 
(3) Environmental protection is influenced by a spectrum of cultural, ethical 

and philosophical principles and views, and there has been substantial progress in 
this area since the preparation of Publication 60 (ICRP, 1991). The increasing public 
concern over environmental hazards has led to the emergence of a variety of national 
and international legal commitments for protection of the environment. These 
commitments demonstrate a generally held view that an explicit means of 
demonstrating protection of biota and ecosystems from harmful effects of ionising 
radiation is also needed, and may often be legally required (e.g., Copplestone et al., 
2001).  

 
(4) The environment is composed of biotic and abiotic components that 

together form a system. Humans are part of this system and interact with both its 
living and non-living components. Radiation interaction with living tissue is the 
most important component at ambient environmental dose rates. In this report,  the 
focus is on living organisms (the biotic components of the environment), and the 
impact of ionising radiation upon them. The ethical issue raised by the mere 
presence of radionuclides in abiotic components is beyond the scope of this report. 
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(5) This report is directed to the Commission itself, and addresses the role that 
it could play in this important and developing area, building on the approach that has 
been developed for human protection. This approach aims to be free of national or 
political interference. The report does not, therefore, address what steps or measures 
could be implemented at a national level, or how any particular industry or 
environmental circumstance should be managed or regulated. Instead, it examines 
and suggests what could be done by the ICRP – given our present state of 
knowledge - to provide an underpinning set of concepts, and reference 
methodologies, models and data bases, that could serve to provide a common basis 
for developing more detailed approaches to addressing the many issues that do, and 
will, arise with regard to protection of non-human species. 

 
(6) The Task Group has concluded that a systematic approach for radiological 

protection of non-human species is needed in order to assess and manage radiation 
effects in the environment. The Task Group recommends that the Commission 
develops a framework for radiological protection of non-human species that is 
harmonised with the proposed approach for the protection of humans. To achieve 
this, an agreed set of quantities and units, a set of reference dose models, reference 
dose-per-unit-intake data and reference organisms will be required. The Task Group 
recommends that the Commission, as a first step, develops a limited number of 
reference fauna and flora, so that others can develop more area- and situation-
specific approaches to assess and manage risks to non-human species.  
 

(7) The Task Group’s Report does not intend to define dose limits for biota, 
nor give recommendations on what to protect. The proposed system does not intend 
to set regulatory standards. The Task Group rather recommends a framework that 
can be a practical tool to provide high-level advice and guidance in prospective 
situations and help regulators and operators demonstrate compliance with existing 
legislation. The Commission will address justification and optimisation in its 
recommendations for the start of the 21st century, and will then have to decide how 
protection of other species will affect these concepts. 

 
(8) Content: Following this introduction, Chapter 2 gives a general overview of 

how environmental risks are perceived and addressed by society, and refers to the 
current theories of environmental ethics and some of the more important principles 
guiding protection of the environment generally. This chapter also gives a brief 
summary of how radiological protection of the environment is currently being 
developed by international organisations and national authorities. Chapter 3 gives a 
brief introduction to our understanding of radiation and living organisms, and 
Chapter 4 then explores how the ICRP’s current statement set out in paragraph 16 of 
Publication 60 (“The Commission believes that the standards of environmental 
control needed to protect man to the degree currently thought desirable will ensure 
that other species are not put at risk.”) relates to modern environmental concerns. 
This chapter also gives a number of reasons why ICRP now needs to consider the 
basis upon which it can state more clearly its position and future role with regard to 
protection of part of the environment, namely, non-human species. In Chapter 5, 
various approaches to protect the environment from hazardous effects of radiation 
are presented, and a generic, stylised system for radiological protection of non-
human species is proposed and described. The proposed system is designed so that it 
can be integrated with the approach being taken to protect humans and with those 
methods that are already in use or under development in some countries. These 
aspects are discussed in Chapter 6, including an indication of where further work is 
needed. Chapter 7 provides some concluding remarks. 
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1.3. Background 

(9) In the 1970s, ICRP believed that the major concern about radiation 
protection of species other than humans was to protect them simply as species or 
large populations rather than as individuals. Because the policy of radiation 
protection of humans is to keep the risk to individuals very low, the Commission 
concluded that this would probably keep radiation levels in general so low that other 
species living in the same environment would always be protected as species, if not 
as individuals. This conclusion was formulated in paragraph 14 of ICRP Publication 
26 (ICRP, 1977): “Although the principal objective of radiation protection is the 
achievement and maintenance of appropriate safe conditions for activities involving 
human exposure, the level of safety required for the protection of all human 
individuals is thought likely to be adequate to protect other species, although not 
necessarily individual members of those species. The Commission therefore believes 
that if man is adequately protected then other living things are also likely to be 
sufficiently protected.” 

 
(10) The Commission has over the years produced a large number of 

publications dealing with various aspects of the radiological protection of humans. 
The basic principles in the Commission’s current recommendations do not directly 
address protection of the environment. The present position of ICRP is set out in 
paragraph 16 of Publication 60 (ICRP, 1991): “The Commission believes that the 
standards of environmental control needed to protect man to the degree currently 
thought desirable will ensure that other species are not put at risk.  Occasionally, 
individual members of non-human species might be harmed, but not to the extent of 
endangering whole species or creating imbalance between species. At the present 
time, the Commission concerns itself with mankind’s environment only with regard 
to the transfer of radionuclides through the environment, since this directly affects 
the radiological protection of man.” 

 
(11) In more explicit terms, the policy can be stated as follows. 
• ICRP’s system of protection provides protection for humans. The system is 

not confined to dose limits. 
• The application of the system of protection may sometimes damage or kill 

individual members of non-human species. The Commission’s policy has 
been to acknowledge this limited consequence. 

• Although ecological information is incomplete, the full application of the 
system of protection is not thought to endanger whole species or to create 
imbalance between species. If this were not so, the Commission’s policy 
would be to require additional restrictions.  

 
(12) This approach was not clearly set out and has been misinterpreted to mean 

that ICRP’s dose limits alone would be sufficient to protect non-human species. The 
Commission has not claimed that the dose limits would be sufficient for this 
purpose. It also follows that the Commission has not dealt explicitly with 
radiological protection of the environment, although non-human organisms may 
well have been afforded an indirect measure of protection as a result of the controls 
on radionuclide concentrations in environmental media established as part of the 
system of radiological protection of humans. Although there are currently methods 
and approaches already available or being developed by individual countries, there 
are no ICRP recommendations on appropriate assessment philosophies, 
methodologies or guidelines on how radiological protection of the environment 
should be carried out.  In particular, ICRP has not advised on whether justification 
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or optimisation should be considered in the cases of protection of species other than 
humans, or what dose limits – if any, and under what circumstances – should or 
could be applied to other organisms. 

 
  

(13) Society’s concern for environmental risks has put pressures on policy 
makers and regulators to define protection strategies that specifically and explicitly 
include the environment, as evidenced by a growing number of international and 
national legal commitments. This reflects both a need to protect the environment so 
as to maintain a suitable environment in which humans can exist, and a concern for 
the environment per se. In turn, these concerns reflect worries related to the possible 
effects of ionising radiation on the environment, as well as a desire to protect the 
environment simultaneously from a wide range of harmful influences. To meet the 
broader concern, strategies for protection of the environment are increasingly 
required to be applicable to radiation as well as to other pollutants. 

 

1.3.1.   The Role of International Organisations  

(14) Many international bodies are involved in the radiological protection of 
humans, and in the case of environmental protection, even more organisations are of 
relevance. It is therefore useful first to give a short description of how these 
organisations work and relate to each other.  

 
(15) The United Nations Scientific Committee on the Effects of Atomic 

Radiations (UNSCEAR) is the body within the United Nations system with a 
mandate from the General Assembly to assess and report levels and health effects of 
exposure to ionising radiation. UNSCEAR was established by the United Nations 
General Assembly in 1955. It is composed of representatives from 21 nations and 
regularly publishes comprehensive reports on the levels and health effects of 
radiation. Governments and organisations throughout the world rely on the 
Committee’s estimates as the scientific basis for evaluating radiation risk, 
establishing radiation protection and safety standards, and regulating radiation 
sources.  

 
(16) ICRP is an independent Registered Charity that was established in 1928 by 

the International Congress of Radiology. Formally its parent organisation is the 
International Society of Radiology, although the Commission’s field of work has 
widened from protection in radiology to all aspects of protection against ionising 
radiation. The Commission issues recommendations on the principles of radiological 
protection, and its recommendations form the basis for more detailed codes and 
regulations issued by other international organisations and by regional and national 
authorities. 

 
(17) The International Commission on Radiation Units and Measurements 

(ICRU) was established in 1925 by the International Congress of Radiology. Its 
principal objective is to develop internationally acceptable recommendations 
regarding quantities and units of radiation and radioactivity, procedures suitable for 
the measurement and application of these quantities, and physical data needed in the 
application of these procedures.  

 
(18) The International Atomic Energy Agency (IAEA) is an independent 

intergovernmental, science and technology-based organisation within the United 
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Nations. It serves as an intergovernmental forum for scientific and technical co-
operation in the nuclear field, and as the international inspectorate for the application 
of nuclear safeguards and verification measures covering civilian nuclear 
programmes. IAEA assists its member states in planning for and using nuclear 
science and technology for various peaceful purposes. It also develops nuclear safety 
standards and promotes the achievement and maintenance of high levels of safety in 
applications of nuclear technologies, as well as the protection of human health and 
the environment against ionising radiation.  

 
(19) The Nuclear Energy Agency (NEA) is a specialised agency within the 

Organisation for Economic Co-operation and Development (OECD), an 
intergovernmental organisation of 27 industrialised countries. The NEA assists its 
member countries in maintaining and developing the scientific, technological and 
legal bases required for the safe, environmentally friendly and economical use of 
nuclear energy for peaceful uses.  

 
(20) The International Union of Radioecology (IUR) is a non-governmental 

organisation dedicated to making evaluations of the results and achievements in 
radioecology and communicating these achievements to a broader audience. 

 
(21) The European Commission (EC) is the European Union’s (EU) executive 

body, managing policies and negotiating international trade and co-operation 
agreements. It initiates European Community policy and represents the general 
interests of the EU, acting as the guardian of the EU Treaties (which address inter 
alia environmental and radiological protection issues) to ensure that European 
legislation is applied correctly. Although the EC has a role as source of policy 
initiatives, all the major decisions on policies, actions and legislation are taken by 
the ministers of the Member States in the Council of the EU, in co-decision (or, in 
some cases, in particular for legislation under the Euratom Treaty, consultation) with 
the European Parliament. The EC’s role is to ensure that EU can work towards of an 
ever-closer union of its members. There are many activities related to radiological 
protection and environmental protection. Several EC directives regulate radiological 
protection, and they are implemented through the national legislation of Member 
States. The EC also supports radiation research to be conducted in and amongst its 
Member States.  

 
(22) All of these international organisations relate to one another in different 

ways (Figure 1). In short, UNSCEAR assesses studies published in the scientific 
literature. These assessments are then used by ICRP as a basis for its own 
recommendations regarding radiological protection. ICRP also exchanges 
information and views with ICRU and IAEA. IAEA interprets and converts the 
ICRP’s recommendations into safety standards and practical guidelines for 
radiological protection, in collaboration with other organisations, such as ILO 
(International Labours Organisation), WHO (World Health Organisation), PAHO 
(Pan-American Health Organisation), and FAO (Food Agricultural Organisation). At 
regional and national levels, the ICRP recommendations are usually used as a basis 
for the derivation of relevant radiation protection legislation. 

 
(23) In the case of protection of the environment, additional international 

organisations, e.g., IUR, the United Nations Environment Programme (UNEP) and 
the International Union for Conservation of Nature and Natural Resources (IUCN) 
would be expected to have a role to play in defining the scientific, ethical and legal 
bases for a system of protection and of the need for any standards. 
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1.3.2.   Radiation and the Environment 

(24) At present, there are no internationally agreed criteria or policies that 
explicitly address protection of the environment from ionising radiation, although 
many international agreements and statutes call for protection against pollution 
generally, including radiation. Several international conventions and policies, as 
well as national policy statements and regulations, also demonstrate the need to 
develop specific methodologies and criteria for such protection. Thus although the 
existing ICRP system for protection of humans must indirectly afford some level of 
protection to the populations of other species, the current approach lacks 
transparency, and the distributions of released radionuclides will always be such that 
other living organisms will receive dose rates different from those received by 
people. The lack of both a policy and a technical basis for assessment, criteria or 
standards that have been endorsed at an international level therefore makes it very 
difficult to demonstrate convincingly whether or not the environment is adequately 
protected from potential impacts of radiation under different circumstances. There is 
not even agreement as to how ‘adequate protection’ of the environment can be 
defined, nor is there any consistent view as to the appropriate assessment endpoint 
for determining if the environment is “adequately protected” (e.g., dose versus risk 
or population versus individuals or biotic versus abiotic components).  The 
international development of an explicit system would support and provide 
transparency to the decision making process. As mentioned earlier, this subject is 
currently being pursued in many countries with a view to developing or refining 
approaches for radiological protection of the environment. A number of existing 
initiatives and developments in international organisations and agencies, as well as 
by national regulatory bodies, therefore already provide an input as to how one 
might best proceed. 

 
(25) Several international conventions emphasize the need for protection of the 

environment with respect to radiation. The Joint Convention on the Safety of Spent 
Nuclear Fuel Management and on the Safety of Radioactive Waste Management 
(1997) was set up with the cooperation of IAEA. The Convention was adopted in 
1997 and came into force in June 2001. It aims at protecting individuals, society and 
the environment against the harmful effects of radiation, and includes the following 
statement: “Each Contracting Party shall take appropriate steps to ensure that at all 
stages of spent fuel management (radioactive waste management), individuals, 
society and the environment are adequately protected against radiological 
hazards”. 

 
(26) As part of the OSPAR Convention for the Protection of the Marine 

Environment of the North-East Atlantic (OSPAR, 1992), Contracting Parties agreed 
to “take all possible steps to prevent and eliminate pollution and to take necessary 
steps to protect the maritime area against adverse effects of human activities so as 
to safeguard human health and to conserve maritime ecosystems...”. Further, the 
OSPAR Strategy with Regard to Radioactive Substances, agreed at the Ministerial 
Meeting of the OSPAR Commission in Sintra in 1998 (OSPAR, 1998), agreed to the 
objective to “prevent pollution of the maritime area from ionising radiation through 
progressive and substantial reductions of discharges, emissions, and losses of 
radioactive substances with the ultimate aim of concentrations in the environment 
near background levels for naturally occurring radioactive substances and close to 
zero for artificial radioactive substances”. The strategy in practice means that by 
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the year 2020, discharges and emission of radioactive substances should be reduced 
to levels where the additional concentrations in the marine environment above 
historic levels, resulting from such discharges, emissions and losses, are close to 
zero. The strategy also requests the OSPAR Commission to undertake the 
development of environmental quality criteria for the protection of the marine 
environment from the adverse effects of radioactive substances and report on 
progress by the year 2003.   

 
(27) The scope of the current International Basic Safety Standards (IAEA, 

1996) is limited to protection of human beings, and following the line in ICRP 
Publication 60, it states that: “it is considered that standards of protection that are 
adequate for this purpose will also ensure that no other species is threatened as a 
population, even if individuals of the species may be harmed”. However, the IAEA 
Safety Fundamentals The Principles of Radioactive Waste Management (IAEA, 
1995) includes the requirement that “radioactive waste shall be managed in such a 
way as to provide an acceptable level of protection of the environment”. Other 
principles reflect the concern for sustainability and the right of all other states to be 
consulted.  

 
(28) IAEA has also addressed the explicit issue of environmental protection on 

several other occasions. In 1970, a panel of experts was convened by IAEA to assess 
the principles for limiting the introduction of radioactive waste into the sea. Among 
other things, this panel recommended pursuing “the study of the effects of ionising 
radiation on organisms and their sensitive life stages with special regard to effects 
at the genetic, population and ecosystem level”. Subsequently, several expert 
meetings were held on the subject resulting in the publication of the report Effects of 
Ionizing Radiation on Aquatic Organisms and Ecosystems (IAEA, 1976). Other 
IAEA work, in support of the London Convention 1972, explored the possible 
effects of the sea dumping of radioactive waste packages on marine species and, in 
1979, IAEA published the report A methodology for assessing impacts of 
radioactivity on aquatic ecosystems (IAEA, 1979). A further report, Assessing the 
Impact of Deep Sea Disposal of Low Level Radioactive Waste on Living Organisms 
(IAEA, 1988), discussed the doses to a number of ‘typical’ marine species living at 
or near the sea floor. In 1992, a report, Effects of Ionising Radiation on Plants and 
Animals at Levels Implied by Current Radiation Protection Standards, dealing with 
the effect of radionuclide releases on terrestrial and freshwater environments was 
published (IAEA, 1992). 

 
(29) In 1999, the Agency published the report Protection of the Environment 

from the Effects of Ionizing Radiation (IAEA, 1999) that presented various issues 
and approaches for establishing an environmental protection framework and criteria. 
More recently, the report Ethical Considerations in protecting the Environment from 
the Effects of Ionizing Radiation was published (IAEA, 2002a). IAEA is continuing 
work towards the development of a Safety Standards document on environmental 
radiation protection, in collaboration with other international organizations. It also 
continues to foster information exchange by holding Specialists Meetings on the 
subject, the most recent of which took place in November 2001 (IAEA, 2002b).  

 
(30) At that meeting, the participants agreed that “it is necessary to develop a 

system for the radiological protection of the environment (or the biotic components 
of it)”. The Specialist Meeting saw a need ”to distinguish protection of biota from 
protection of the environment, which includes abiotic components. However, it was 
agreed that the initial focus should be on the protection of biota”, and recognised 
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the the need for international co-ordination and cooperation(IAEA, 2002b). In its 
report to the Director General of the IAEA, the meeting encouraged the Agency “to 
continue working towards the development of Safety Standards that are practically 
based”, and identified the Agency as having “a potentially valuable role in the 
consideration of the way in which effects manifested in individuals are expressed on 
higher levels of organisation (populations, communities and ecosystems), and in the 
development of a compilation of transfer factors from different sources”. The 
meeting also agreed that “the use of reference organisms is a reasonable approach 
to adopt in the development of a system to protect biota from the effects of 
radiation”, and recognised that “effects on higher levels of organisation (e.g. 
populations) occur only if individual organisms are affected, and that effects data 
are generally available for individuals rather than higher levels of organisation” 
(IAEA, 2002b). 

 
(31) In 1996, UNSCEAR published a comprehensive report on the effects of 

radiation on the environment, taking into consideration the specific problems 
encountered with dosimetry and quality factors for non-human biota, experience 
from experimental studies, observations made in certain environments as a result of 
routine discharges, as well as observations made after accidental releases 
(UNSCEAR, 1996). The report summarised a large amount of work that had been 
done on this subject for many decades and serves as a scientific background 
document to the development of standards and recommendations by regulatory 
bodies.  

 
(32) OECD/NEA has summarized environmental and ethical principles of 

geological final waste disposal (OECD, 1995), and has recently identified the need 
to clarify ICRP’s current view on environmental protection (OECD, 2000). The 
NEA is organising three international fora over the next years in collaboration with 
ICRP to discuss radiological protection of the environment. The first forum took 
place in February 2002 with the objective of (developing together with participants 
from 20 countries and seven international organisations, representing regulators, 
politicians, science, industry, and international organisations such as IAEA, EC, 
WHO, ILO, and non-governmental organisations such as IRPA, Greenpeace 
International) a sound technical basis and criteria for the Commission’s 
recommendations on radiological protection of the environment (OECD, 2002). 
These meetings will involve a wide range of stakeholder views, and will help to 
ensure that ICRP’s recommendations for protection of the environment will provide 
benefit to the environment whilst also being balanced against the benefits to society 
in an overall practical system of protection. 

 
(33) In 1997, the IUR undertook a concerted action for the European 

Commission. The initial results were published in 2000 with the conclusion that a 
framework for protection of non-human species was urgently required in order to 
structure the knowledge derived from earlier studies (Pihet, 1998; Strand et al., 
2000). A preliminary approach for environmental radiation protection was identified 
in order to direct future scientific research, which included the derivation and 
development of relevant quantities and units, reference organisms, environmental 
transfer models, reference dosimetric models and tabulated dose rate/effects 
information for reference organisms. The IUR is collecting information on research 
activities and priorities for future work, and was one of the organizers of a 
‘Consensus Conference’ on Protection of the Environment in October 2001. A 
Consensus Statement from that conference (IUR, 2001) included the following 
guiding principles: “Humans are an integral part of the environment, and whilst it 
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can be argued that it is ethically justified to regard human dignity and needs as 
privileged, it is also necessary to provide adequate protection of the environment. In 
addition to science, policy making for environmental protection must include social, 
philosophical, ethical (including the fair distribution of harms/benefits), political 
and economic considerations. The development of such policy should be conducted 
in an open, transparent and participatory manner. The same general principles for 
protection of the environment should apply to all contaminants.” 

 
(34) The Arctic Council (consisting of the Nordic countries, Russian Federation, 

Canada, and USA) identified in 1997 the need for developing an assessment and 
protection framework for the protection of the environment in the arctic. This has 
led to a programme during the period 1998-2002 and a proposal will be ready for the 
ministerial conference of the Arctic Council in October 2002 in Finland. The Arctic 
Council has cooperated with the IUR and the European Commission on this issue, 
and has also endorsed the initial focus on protection of the biota and the use of 
reference organisms. The issue of environmental protection (with an initial focus on 
protection of biota) was also addressed at a Ministerial conference on the North Sea 
in April 2002. The conference endorsed the ongoing work of IUR and others to 
achieve an international consensus for a framework for the protection of the 
environment. 

 
(35) There are a number of European Council Directives that relate to 

radiological and environmental protection, although the Basic Safety Standards for 
the public and workers (the 96/29/EURATOM directive, CEC, 1996a), focuses on 
doses to, and protection of, humans. Examples of European directives of relevance 
for environmental protection generally are the Directive on Integrated Pollution 
Prevention and Control (CEC, 1996b), the Directive of the Conservation of Natural 
Habitats and of Wild Fauna and Flora (CEC, 1992), the Water Framework Directive 
(CEC, 2000), and the Directive 85/337/EEC on Impact of Certain Projects on the 
Environment (CEC, 1985). The last of these is designed to ensure that, before 
consent for the development of a project is given, projects that are likely to have a 
significant effect on the environment (because of their nature, size or location) are 
made subject to an assessment with regard to their expected effects. Environmental 
impact assessments must consider humans, fauna and flora, the abiotic environment 
(soil, water, air), material assets and cultural heritage as well as the interactions 
amongst these factors. A study on the scope and application of 85/337/EEC, 
specifically in relation to geological disposal of radioactive waste was presented at 
the IAEA’s Conference on the Safety of Radioactive Waste Management, Córdoba, 
Spain, 2000 (Webster, 2000). By insisting on an environmental impact assessment 
for substantial projects, ‘best practice’ is demonstrated and enables consideration of 
the benefits of harmonisation of approaches in different countries.  

 
(36) In view of the increasing awareness in the European Union of the need for a 

system to demonstrate protection of the environment and current work on 
demonstration of protection of biota, the European Commission is funding scientific 
research in this area (Strand & Larsson, 2001). For example, the FASSET 
(Framework for Assessment of Environment Impact) programme aims at obtaining a 
scientific basis for judging the likelihood or not of radiation damage to biota in the 
context of protecting humans and the environment. A study of the Environmental 
Protection from Ionising Contaminants in the Arctic (EPIC) is also underway, again 
funded by the European Commission, looking at environmental radionuclide transfer 
in the Arctic, modelling uptake by biota, identifying reference biota to evaluate 
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potential doses and dose-effect relationships, and integrating assessments of 
environmental impact with those for other contaminants.  

 
(37) Much has already been learned from the work of national programmes, 

particularly in the USA, Canada, Russia, the UK and France. But it is only in one 
country, the USA, where an authority – the DOE – has developed requirements and 
guidance for the radiological protection of the environment, and has currently in 
place a radiation dose limit for protection of aquatic biota (USDOE, 1990) and has 
proposed limits for protection of terrestrial biota (USDOE, 1996) for some of its 
own facilities. The USDOE developed screening methods using a set of reference 
organisms within a graded approach for demonstrating protection of biota applicable 
to these dose rate guidelines.  In addition, the results from the current EC multi-
national research projects FASSET and EPIC are expected in 2003, and will allow 
the production of systematic frameworks – using a ‘reference fauna and flora 
approach’ – to assess environmental impact in different ecosystems. In Canada, the 
Canadian Nuclear Safety Commission (SNSC) is proceeding in a similar direction 
with guidance being developed on an integrated framework to assess the impacts of 
ionising radiation and other environmental contaminants to non-human organisms 
(e.g., Bird et al., 2002). These frameworks are intended to provide a scientifically 
based assessment approach to inform decision-makers and stakeholders. It is 
anticipated that the results of these programmes will, together with the results of 
other national and international work, contribute towards the development of 
international recommendations and guidance. The development of a broad 
international consensus and the inclusion of recommendations and guidance in 
national legal instruments is therefore likely to continue beyond 2003. 

 
(38) In summary, therefore, it would appear that there has clearly been a shift in 

society from the long-held anthropocentric approach to matters environmental to one 
that embraces both biotic and abiotic components of the environment. And all of the 
recent conventions, principles, reports and statements lend support to the now 
widely held view that there is a need to demonstrate, explicitly, that the environment 
can and will be protected from the effects of radiation.  
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2. CURRENT ENVIRONMENTAL MANAGEMENT PRINCIPLES 

2.1. How Are Environmental Risks Currently Addressed by Society? 

(39) Environmental risks, their identification and their management, are all part 
of modern life. The environment of which we are part is largely a managed one, both 
with respect to what we remove from it and what we put into it as a result of 
virtually all of our daily activities. But such is the scale of this human impact that 
many measures and steps are taken to ‘protect’ the environment in one way or 
another. Such steps are not necessarily co-ordinated, and thus it is reasonable to ask: 
what does environmental protection actually mean? It is also not simply a scientific 
question, because it can only be answered by reference to both qualitative and 
quantitative evaluations of the environmental effects against which protection is 
being afforded, plus an evaluation of whether or not this matters, and to whom. A 
convenient starting point, therefore, is to examine the possible ethical basis - or 
bases – of environmental protection, and its links with scientific and legal aspects of 
the subject. An Advisory Group has recently undertaken such work for IAEA 
(IAEA, 2002), testing its findings though a series of Specialists' Meetings with 
participants from IAEA Member States and from various international 
organizations, including the ICRP. Its conclusions are, briefly, as follows. 

 
(40) Ethical considerations are clearly important in the derivation of concepts 

such as environmental protection. Even for the protection of humans, the need for 
which is generally accepted without question, different ethical considerations have 
had, and will continue to have, an important part to play. For example, in providing 
a system of protection with respect to ionising radiation, ICRP’s ‘ALARA’ basis for 
optimising the level of protection has been seen as being consistent with, and a 
consequence of, a utilitarian ethic, i.e., the greatest good for the greatest number, 
whereas its constraint by the application of a dose limit has been seen as consistent 
with a deontological ethic, i.e, the rights of, and duty towards, individuals (Shrader-
Frechette, 1994; ICRP, 2001b).  

 
(41) Different ethical views have similarly affected the way in which people 

view the environment, their impacts upon it, and how best to manage the 
consequences. Such different ethical views have resulted, in turn, in the emergence 
of different social, cultural, religious, and legal differences across the world (De 
Shalit, 2000; Rawls, 1971). Thus any systematic approach to addressing the issue of 
how best to protect the environment with respect to ionising radiation has to 
accommodate such views, and their consequences, as best it can. 

 
(42) In the IAEA study (2002b), a useful three-component ethical spectrum of 

views was identified: anthropocentric, biocentric, and ecocentric. These views arise 
from philosophical debates about what has moral standing in the world, and why. 
Essentially, and grossly oversimplifying the subject, these three views may be 
summarised as follows: 

• anthropocentric, 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; 
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• biocentric, 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 

• ecocentric, in which moral standing can be extended to virtually everything 
in the environment, including landscapes – rivers and mountains – but 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. 

There are, of course, considerable ranges of views within each of these three 
broad categories.  

 
(43) The anthropocentric view is the most easily recognised: the other two less 

so. Biocentric views vary considerably, but a common feature of many of them is 
recognition of the moral obligations that arise from the fact that, for example, 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 ‘rights’ and animal ‘welfare’, and thus in national laws – such as 
those relating to experiments on animals, for whatever reason. Biological 
characteristics other than sentience may also be considered relevant, and some 
biocentric views assume that all individual living things have an inherent value and 
should be respected for what they are. Those with an ecocentric view believe that 
one should optimise ecosystem welfare, and although they may disagree about how 
to carry out such an optimisation, they agree that primacy, in moral standing, rests 
with ecosystems. The place of humans, and the degree to which they can be 
considered to have special ‘rights’ compared with those afforded to other species, 
and to physical components of the environment, also vary. Such views can often be 
clearly recognised in many cultures and beliefs. It also has to be admitted that 
individuals may change their ethical views during their life, or when faced with 
different circumstances. But such views are also - and importantly - collectively 
reflected at social, cultural and religious levels of society. 

 
(44) Nevertheless, in view of such basic ethical differences and attitudes to the 

environment, it is also reasonable to ask: can one identify any common ground for a 
consensus on such issues? The IAEA Advisory Group addressed this question by 
examining the nature and content of multilateral environmental agreements that have 
emerged in recent years, the signatories of which not only represent different 
cultures from all over the world, but indicate how these are reflected - at a national 
level- in their attitudes to matters environmental (IAEA, 2002b). The following 
areas of agreement were considered to be particularly relevant. 

 
• Sustainable development. The United Nations ‘Rio’ Declaration of 1992 

brought this concept into prominence (United Nations, 1992). Sustainable 
development relates to the need to recognise the inter-dependence of 
economic development, environmental protection, and social equity, and 
thus the obligation also to protect and provide for both the human and 
environmental needs of present and future generations. It includes, and 
explicitly refers to, a number of other concepts, including the 
precautionary approach. 

• Conservation. There are many international agreements relating to the 
conservation of both species and habitats. They essentially relate to the 
‘importance’ or ‘vulnerability’ attached to individual species, or areas 
where many species live, particularly with regard to the need for 
agreement at an international level in order to protect them; for example, 
the need to ensure that migratory species can safely travel and survive 
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throughout their natural migratory range. The term conservation usually 
implies active management of a situation to achieve a particular objective, 
whereas the term preservation usually implies the need to maintain the 
status quo absolutely and is therefore usually applied to inanimate 
components of the environment; 

• Maintenance of Biodiversity. This obligation also stems from Rio (United 
Nations, 1992), and recognises the need to maintain the biological 
diversity inherent within each species, amongst different species, and 
amongst different types of habitats and ecosystems. 

• Environmental Justice. Another feature of the Rio declaration 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 principle 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’. 
Where such differences amongst nations occur, 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 
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. 

• Human dignity. This, too, is a concept upon which there is international 
agreement. It is the cornerstone of the Charter of the United Nations 
(United Nations, 1945). It also has relevance to the concept of 
environmental protection and how it can be achieved. It recognises the 
need for the respect of individual human rights, and for the consequent 
range of human views. It therefore axiomatically requires an 
anthropocentric view to recognise the existence of, and the equal validity 
of, both biocentric and ecocentric views within societies, and thus the 
obligation of taking them into account in a process of informed consent. It 
also recognises that there will be different personal views – irrespective of 
the existing legal position – about the way protection is currently afforded 
to other living things, either as individuals or as a part of an ecosystem, 
and why. And it also recognises that the dignity of people may be 
challenged and offended because of the disturbance of the environment in 
all manner of different ways – such as the presence of ‘un-natural’ 
chemicals in the natural environment, irrespective of any known effect 
they may have on the living components of it, or even in the absence of 
any living component. 

 
(45) As one might imagine, there is no simple way of distilling all of these 

‘principles’ into a single ethic for environmental protection. But the IAEA Expert 
Group (2002b) did conclude that the above set of five areas did help to frame the 
concept of what is currently meant by environmental protection, and how it might be 
achieved, within which more specific aspects could usefully be addressed.  
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2.1.1.   Sustainable development 

(46) The 1972 United Nations Conference (United Nations, 1972) on the Human 
Environment in Stockholm was the first international conference to lay down 
principles for the protection and improvement of the human environment. Then, in 
1980, the World Conservation Strategy was published (IUCN, 1980), having been 
commissioned by the United Nations Environment Programme (UNEP) and 
prepared by the International Union for Conservation of Nature and Natural 
Resources (IUCN). Its aim was to help advance the achievement of sustainable 
development through the conservation of living resources, because it was recognised 
that this was essential to human survival, and thus to the concept of sustainable 
development. It also identified the priority conservation issues, plus the main 
requirements for dealing with them.  

 
(47) In 1987, the Brundtland Report (Brundtland, 1987) further alerted the world 

to the urgency of making progress towards a form of economic development that 
could be sustained without depleting natural resources or harming the environment. 
The concept of sustainable development was defined as “development that meets the 
need of the present without compromising the ability of future generations to meet 
their own needs”. By and large, this or similar definitions have been accepted in 
other international fora, as well as by national authorities. The report also 
emphasized the need to preserve biological diversity or ‘biodiversity’. 

 
(48) The 1992 United Nations Conference on Environment and Development in 

Rio de Janeiro (United Nations, 1992) then laid down a number of general principles 
for environmental protection, e.g. the Rio Declaration, the Convention on Biological 
Diversity, and the work-programme Agenda 21. The Rio Declaration emphasised, 
amongst other things, that protection of the environment has to be an integral part of 
the sustainable development concept. The Convention on Biological Diversity 
(United Nations, 1992) similarly stressed the importance of recognising that all 
organisms contribute to the structure of the ecosystem. It defined the concept of 
biodiversity as “the variability amongst living organisms and the ecological 
complexes of which they are a part, and thus the diversity within species, between 
species, and of ecosystems”. Both the Declaration and the Agenda 21 Programme of 
Action called for governments to undertake national assessments of their 
biodiversity and formulate strategies to preserve and sustain it.  

 
(49) Since 1992, the concept of sustainable development has increasingly 

affected the many practical considerations and decisions that continually have to be 
made at national level, including efforts aimed at protecting the environment.  But 
the concept itself does not define the ultimate goal for development, because this 
may change according to changes in societal needs, and because opportunities for 
conservation and preservation may change. Limitations will therefore always be 
imposed on society’s ability to take actions, on primarily economic and social 
grounds, although there is the important obligation to pass on a full range of present 
options to future generations. This emphasis on the dimension of time is essential for 
sustainable development. It also implies that practices cannot be analysed in 
isolation from a life-cycle perspective of their activities.  

 
(50) Societal and economic factors may often clash. Thus the presence of low 

levels of contamination in environmental media may affect economic assets by 
reducing the market value of the products of affected regions, even though the 
detriment per se may be perceived to be within acceptable levels at any one time. 
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Again, a robust framework for assessing and managing environmental risks, and for 
communicating these issues to the public, is a prerequisite for eliminating undesired 
secondary effects on the economy. Sustainable development therefore necessitates 
that full consideration is taken of environmental factors, as well as of economic, 
ethical, and social factors, and that a robust system is required to manage these 
factors and deal with conflicting interests.   

 

2.1.2.   Biological Resources and Biological Diversity 

(51) Protection of public health and protection of the environment can be 
regarded as complementary - or alternative – endpoints within the overall framework 
of sustainable development. However, while the protection of public health may 
have well-defined endpoints, protection of the environment potentially involves a 
wide range of biological endpoints.  

 
(52) And again, from the point of view of sustainable development, there are 

two aspects that need to be considered: the maintenance of biological diversity and 
the conservation of biological resources. Maintenance of biological diversity is one 
objective for all actions taken to protect the environment, whereas the conservation 
of biological resources is a necessity for human survival and general well being. But 
the two must be related. Thus Principle 4 of the Rio Declaration (United Nations, 
1992) describes sustainability in this context:”…the use of biological components of 
biological diversity in a way and at a rate that does not lead to the long-term decline 
in biological diversity, thereby maintaining its potential to meet the demands of 
present and future generations.” 

 
(53) The definition of biological diversity given in the Convention on Biological 

Diversity (United Nations, 1992) also emphasises its importance to the function of 
different ecosystems that, of course, also collectively constitute the environment 
within which humans live. Nevertheless, biological diversity is not static, but 
dynamic and continuously changing. Preservation of biological diversity thus does 
not mean conservation of a certain state, but protection against harmful effects that 
would cause diversity to develop in a fashion that would not otherwise have been the 
case. The UN Conference in Rio has also defined biological resources as “the 
genetic resources, organisms or parts thereof, populations or any other component 
of ecosystems with actual or potential use for humanity” (United Nations, 1992).  

 

2.2. Assessment and Management of Environmental Risks 

(54) In order properly to address society’s demand for protection of the 
environment, general frameworks have been developed for assessing and managing 
environmental risks. The whole process of environmental risk assessment and 
management can be divided into three stages, here for convenience termed problem 
formulation, risk assessment and risk management; although their application can 
vary at a national level (e.g., Barnthouse, 1997; Jones, 2002). 

 
(55) The problem formulation stage involves scientific judgements related to the 

identification of sources and hazardous substances, and of possible interactive 
effects with other contaminants and certain ecological functions. It is clear that the 
stage of problem formulation to a large, and sometimes dominating extent is guided 
by societal views on what needs to be protected, and any assessment and 
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management framework must be able to respond to society’s demands in order to be 
credible and operational. Specific protective legislation may cover factors such as  
sustainable development, air, water, ecosystems, endangered species, organisms of 
high cultural esteem or of economic value, which are bound to have a substantial 
impact on the outcome of the problem formulation.  

 
(56) The risk assessment stage involves the execution of methods for analysing 

exposure and effects that are considered most suitable to the previously defined 
purpose. The ultimate result is the characterisation of the risk, to which the 
subsequent management actions need to be tuned. 

 
(57) The risk management stage involves any decision or action that will result 

in the prevention, mitigation or elimination of environmental consequences, i.e. 
environmental protection. Several concepts and principles are either implicitly or 
explicitly taken into account in the development of modern approaches and 
regulations to protect the environment. In contrast to ICRP’s current protection 
philosophy, where consideration is given to radiation exposures that may result from 
a practice or an intervention, environmental protection approaches have evolved to 
take into account the fact that non-human biota may be exposed simultaneously to 
many stressors (radiological, chemical, thermal, etc.) potentially present in industrial 
effluents.  

 
(58) Many methodologies and regulations to protect the environment have been 

developed, over many years, notwithstanding the fact that our understanding of 
ecology is incomplete, as is our understanding of the impact of environmental 
pollutants generally. Consideration of these limitations has resulted in the adoption 
of several ‘principles’ with the purpose of protecting the environment. The most 
relevant of these operational strategies can be summarised as follows, although there 
are variants in their formulation and practical application. 

 
• The pollution prevention principle, which argues that emissions should be 

controlled to the extent practical, taking socio-economic factors into account.  
• The precautionary principle, which argues that where there are threats of 

serious or irreversible damage, a lack of full scientific certainty should not be 
used as a reason for postponing cost-effective measures to prevent 
environmental degradation.  

• The principle of using best available techniques and technologies, which 
argues that discharges into the environment should be kept to a minimum by 
employing the most robust techniques and managerial procedures that are 
available and economically feasible, even in situations where the benefit of 
such actions may be difficult to assess in terms of environmental harm or 
direct economic benefit (as may be the case in environmental protection). 

• The substitution principle, which argues that where safer alternatives are 
already available, or may be marketed in the near future, these should be 
promoted as a substitute to the activity/product in question. It therefore 
allows for technology-driven changes (best environmental option) to 
improve environmental protection instead of waiting for the proof of harm. 

• The polluter-pays principle, which argues that  “polluters” are responsible 
for the environmental and economic effects of their  “polluting” activities. 
This principle was first widely discussed in the United Nations Conference 
on Environment and Development held in Rio de Janeiro in 1992. All the 
attending representatives of the countries and nations endorsed it.  
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• The principle of informed consent, which emphasises the need for 
communication and public involvement, starting at the planning stage and 
well before decisions are taken from which there is no return. Such 
transparency of decision-making should enable analysis and understanding 
of all stakeholders arguments, although decisions against certain 
stakeholders’ may not be avoided.   Transparency is usually secured by way 
of an environmental impact assessment. 

 
(59) The various applications of these principles have resulted in regulations for 

environmental protection that combine minimization of environmental effects based 
on scientific evidence and pollution prevention to the extent that is achievable based 
on social and economic considerations. In good environmental practice, the goal 
should be a clear separation between science (i.e. the assessment of environmental 
effects, including the consideration of uncertainty and variability) and the 
management phases (socio-economic factors determining the implementation of 
mitigation measures and the setting of environmental management objectives) of 
environmental protection, although in reality the scientific and management aspects 
cannot be separated, because of uncertainties and variations in the data, models, and 
frameworks (NRC, 1996). 

 
(60) Regulatory requirements for protection of the environment are often written 

in terms of “no significant adverse effect on the environment”, or that substances 
should not enter the environment in quantities, concentrations or under conditions 
that have or may have an immediate or long-term “harmful” effect on the 
environment itself or its biological diversity. Environmental assessment methods 
(e.g. ecological risk assessment) must therefore be capable of demonstrating whether 
or not such environmental objectives will be met by the proposed control over a 
given industrial activity, and of describing the level of environmental harm when 
effects are predicted to occur. This has sometimes required the development of 
environmental protection benchmarks (e.g. limits, criteria, standards) that are 
representative of “no expected effects” on the environment against which predicted 
or observed environmental pressures can be compared. When actual or potential 
environmental values exceed these benchmarks, a quantification (with an indication 
of the level of uncertainty) of potential effects is needed. 

 
(61) Any framework for environmental protection that is developed for radiation 

therefore needs to acknowledge and accommodate the principles outlined above, and 
needs to be compatible with other environmental protection approaches that will be 
in place for non-radiological emissions from these same facilities or other industrial 
practices.  
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3. BIOLOGICAL EFFECTS OF RADIATION 
IN NON-HUMAN ORGANISMS 

(62) The majority of our information on the exposure and effects of radiation 
relates, to, and has been obtained to serve the needs of, the radiological protection of 
human beings. Similarly, much of our information on the behaviour, effects, and 
distribution of man-made radionuclides in the environment has also been derived to 
meet the needs of human radiological protection. There are, however, very 
considerable differences in the means by which species other than man may be 
exposed to radiation, even when all are present in the same environment at the same 
time. Hence there may be differences in the resultant doses and dose rates received 
amongst different plants and animals (by several orders of magnitude), and in the 
types of tissues and organs that receive the dose. Different types of radiation, from 
external and internal sources, will also result in different tissues and organs being 
exposed, all of which will result in different biological consequences for different 
types of animals and plants. This is particularly the case for alpha-, and beta-
emitting nuclides. Such variations have already been the subject of many reviews. 
This chapter therefore briefly considers some of the common features of the effects 
of radiation on living things. 

 
(63) DNA is the critical primary target for the induction of biological effects of 

radiation in all living organisms. This has been evidenced from many 
radiobiological studies using various types of cells from animals and plants. The 
diameter of all DNA molecules is about 2 nm and, in terms of sensitive structures 
for energy depositions, this leads to broad similarities in radiation responses for 
different organisms. Thus the wealth of data that has been published about initial 
radiation mechanisms of relevance for humans (UNSCEAR, 1986; 1996; 2000), also 
probably relates to many other organisms. 

 
(64) Ionising radiation induces many different kinds of DNA damage, and not 

all of them will be equally important to the final cellular effects that are of interest 
for radiological protection. Lesions that may lead to loss or alterations of the genetic 
information in DNA during repair, are considered to be the most critical radiation-
induced DNA damage in terms of cell inactivation, mutation, chromosomal 
aberrations, and cell death. Of particular importance are chemically complex DNA 
double-strand breaks which are believed to be difficult to repair correctly 
(Goodhead, 1994; UNSCEAR, 2000).  

 
(65) Although the cells of most mammals have roughly the same amount of 

DNA, cells show considerable differences in radiosensitivity. Radiosensitivity also 
varies with respect to the phases of the cell cycle, and cell-cycle regulation is an 
important contributor to cellular radiosensitivity. Indeed a dogma in radiobiology, 
formulated as long ago as 1906 by Bergonie and Tribondeau (1906), states that cells 
are radiosensitive if they are mitotically active, undergo many cell divisions and are 
functionally undifferentiated.  

 
(66) In mammals, most cell production occurs in the bone marrow and the small 

intestine. For other tissues, such as those of the central nervous system, 
radiosensitivity is greatest during early development when the neuroblasts are 
proliferating. It may be expected that the radiation response of these tissues in 
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mammals, and possibly all vertebrates, is similar to that of humans. Radiosensitive 
tissues for other organisms may be quite different. The radiosensitive parts of plants 
are usually the meristem tissues, which are located in the roots and shoot tips and, in 
trees, in an annulus around the trunk. This superficial location of the meristem 
makes it particularly vulnerable to radiation exposure from the deposition of 
radionuclides (UNSCEAR, 1996).  

 
(67) The concept of absorbed dose gives a good description of the energy 

deposition in biological systems. At low doses or dose rates there will be a 
heterogenous spatial distribution of the energy deposited, and radiation causing 
heterogeneous energy distributions will give different biological effects for the same 
adsorbed dose (Radioecology, 2001). This difference may be quantified by applying 
a relative biological effectiveness (RBE) factor, that relates to a defined biological 
endpoint in a specified organism or tissue.  

 
(68) For humans, a radiation-weighting factor is derived from information about 

RBE , but the two quantities are very different. The radiation-weighting factor is a 
generalised quantity representing all the relevant endpoints in all the tissues of the 
body , and there is a considerable element of judgement involved in its derivation. In 
its 1990 Recommendations for humans, ICRP recommended a radiation-weighting 
factor of 1 for photons and electrons, 5 for some neutrons (< 10 keV and > 20 MeV) 
and protons, and 20 for alpha particles (ICRP, 1991).  

 
(69) There has recently been much interest in the need for similar concepts, and 

values, for animals, and indeed plants, particularly in relation to the expected 
relative effects of high-LET radiation. Many ranges of values have been suggested 
(e.g., UNSCEAR, 1996; Kocker and Trabalka, 2000; Trivedi and Gentner, 2000; 
Pentreath and Woodhead, 2001; ACRP, 2002). 

 
(70) Differences in radiosensitivity of different tissues have, in human 

radiological protection, also led to the use of  tissue-weighting factors, wT, in order 
to derive a single effective dose (ICRP, 1991). These weighting factors for humans 
are based largely on cancer risks although, for irradiation of the gonads, heritable 
effects are also considered (see below). 

 
(71) High radiation doses may kill a large number of cells, thereby impairing the 

function of vital organs and tissues. Deterministic harm occurs above a certain 
threshold dose, and the severity of the effects increases with dose. Cancer or 
hereditary effects are stochastic effects, usually caused by damage in a single cell, 
and the probability of induction - but not the severity - is assumed to be proportional 
to the dose in the low dose and low dose-rate region. The stochastic effects are 
therefore assumed to have no threshold in humans (ICRP, 1991). There is increasing 
support from mechanistic studies for this assumption (UNSCEAR, 2000). For the 
purpose of protection of  species other than mammals, it would probably be 
premature at this stage to try to distinguish between deterministic and stochastic 
effects. Radiation effects could therefore best be grouped into several broad 
categories, such as early mortality (the organism dying earlier than it otherwise 
would have done), ‘morbidity’ (a reduction in general physical and/or mental well 
being including effects on growth and behaviour), and reduced reproductive success 
(including effects on fertility and fecundity). Morbidity and reproductive 
disturbances are generally assumed to occur at much lower doses than mortality. 
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(72) Radiation may also cause DNA damage that can be transmitted to 
subsequent generations. For humans, UNSCEAR has estimated the risk estimate of 
hereditary effects in the offspring of exposed individuals to be about 10 per cent of 
the cancer risk of the exposed parents (UNSCEAR, 2001). For non-human 
organisms, it is even more difficult to interpret the significance of hereditary effects 
at the population level (i.e., population fitness and survival) due to natural selection. 
Only if mutations confer a selective advantage in connection with a particular 
environmental condition will they spread in the population. ‘Deleterious’ mutations 
will generally be selected against in the population; ‘neutral’ mutations may persist 
over many generations.  Thise concept of mutation - selection balance has been 
discussed by UNSCEAR (UNSCEAR, 2001).   

 
(73) All of the above categories comprise many different radiation effects on 

individual organisms, and collectively they reflect the limitations of our current 
knowledge. They are, nevertheless, similar to the endpoints that are often used for 
risk assessments of other environmental stressors, and are relevant to the needs of 
nature conservation and other forms of environmental protection. 

 
(74) Effects on higher levels of biological organisation (e.g., populations and 

ecosystems) occur only if individual organisms are affected, and effects data are 
generally obtained for individuals rather than for higher levels of organisation. 
Caution should be made for situations where the effects on individuals might not be 
easily recognisable but the effects on population might be manifested. Depending on 
the circumstances and need, assessments of radiation effects may have to be made at 
the level of the individual, population, community or ecosystem. Such assessments 
may be difficult to achieve and will depend upon many factors, such as the number 
of individuals within a population that are affected, the nature of the different types 
of populations within a community, and so on. In the natural environment the 
situation can become very complex because of the interaction between each 
individual and its surrounding ecosystem. The effects can also be modified by the 
presence of other environmental stressors or by combined effects related to the 
presence of other pollutants.  

 
(75) An important factor in ecology is the interdependence of communities. A 

change in one ecological factor may have a drastic effect on another. Ecosystems 
consist of a certain number of biotic and abiotic components and the radiation 
response depends in part on the radiosensitivity of individual biotic components 
prevailing in the ecosystem. 

 
(76) Effects upon ecosystems are usually observed at the population or higher 

levels of organisation, whereas information on dose responses is usually obtained at 
the individual (organism) level. Thus there is a need for conceptual linkages between 
molecular effects at the individual to potential population-level and ecosystem-level 
effects. These can be many and complex (Figure 2) and assessment of impacts 
beyond the individual level is limited by lack of scientific knowledge. It therefore 
seems appropriate to focus on the individual for the purpose of developing an 
assessment framework of radiological protection that can be generally applied to 
environmental issues, because radiation effects at the population level - or higher - 
are mediated via effects on individuals of that population. This approach is 
consistent with existing assessment methods for non-radiological environmental 
contaminants. 
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(77) Furthermore, it is important to recognise environmental threats to 
organisms at an early stage, to identify sensitive periods of development that 
coincide with exposures, and to identify sensitive endpoints at an individual level 
that may relate to effects at higher levels.  

 
(78) Although most of our information on the effects of radiation is based on 

studies of individuals, some field observations on populations, ecosystems, and 
communities have been made under controlled laboratory and experimental field 
conditions, and some observations are available from studies made following the 
accidental releases of high levels of radionuclides into the environment (IAEA, 
1992; UNSCEAR, 1996; Radioecology 2001). Such studies have shown that, as one 
might expect, reproduction is likely to be the most limiting end point in terms of 
survival at the population level, depending on the definition of what a population is 
and what constitutes its survival. Interpretation at a community level is however 
more complicated. Sensitivity to chronic radiation has been shown (IAEA, 1992) to 
vary markedly among different taxa: certain mammals, birds, reptiles and a few tree 
species appear to be the most sensitive terrestrial organisms. The IAEA has also 
reviewed the existing literature in relation to the ICRP (1990) statements - and on 
the presumption that non-human species are viewed and valued more as populations 
than as individuals (IAEA, 1992). Various conclusions about the dose rates that 
would not cause observable changes to populations of generalised terrestrial plants 
and animals, and aquatic animals, were made and these have subsequently been used 
by the USDOE in a regulatory context (US DOE, 1993, 1996). Similar conclusions 
were drawn by a more recent UNSCEAR review (UNSCEAR, 1996). Using an 
ecotoxicological approach, CNSC staff derived slightly different expected-no-effect 
values for use in ecological risk assessments conducted in support of regulatory 
requirements (Bird et al., 2002).   

 
(79) In the long run, in several exposed communities of plants and animals, the 

resulting effect on the ecosystem of ionising radiation is likely to be determined by a 
balance between damaging and recovery processes. Effects of ionising radiation on 
flora and fauna are always modified by the action of a range of ecological factors. 
Compensatory, additive, or synergistic effects of radiation and other environmental 
factors may therefore be expected (Stilling, 1999). 

 
(80) In summary, therefore, there would appear to be much that is common 

about the effects of radiation on living organisms generally. The immediate problem 
is therefore not so much one of a lack of data, but a lack of direction in how best to 
organize and interpret it for the purposes of protection of non-human species. Such a 
reappraisal would also greatly facilitate the derivation and prioritisation in the 
acquisition of new data. 
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4. ICRP’S SYSTEM OF PROTECTION  

(81) Several basic assumptions are implied by ICRP’s current statement set out 
in paragraph 16 of Publication 60: “The Commission believes that the standards of 
environmental control needed to protect humansto the degree currently thought 
desirable will ensure that other species are not put at risk” (ICRP, 1991).  It is 
implicitly assumed that ICRP has considered the environment in terms of protecting 
its biological elements through its system for protection of humans, and that the 
protection end-point for non-human organisms is only reproductive capacity at the 
population level or above. So far, the Commission has not explained how it 
addresses the issue of whether the environment should be protected in its own rights 
or in the interest of humans, nor has it even explicitly stated that the environment 
should be protected. It can also be noted from another sentence of the same 
paragraph (“At the present time, the Commission concerns itself with mankind’s 
environment only with regard to the transfer of radionuclides through the 
environment, since this directly affects the radiological protection of man.”) that 
ICRP has so far not considered all other aspect of the environment other than those 
directly of relevance for the radiological protection of humans. The current ICRP 
statement may therefore be open to different interpretations. Also, the statement 
itself is viewed by some as unresponsive to modern environmental concerns and 
sensibilities of society and that radiological protection of the environment should be 
consistent with policies adopted for chemical toxins and other hazards.  

 
(83) From a historical point of view, the anthropocentric focus of radiological 

protection has been prioritised because of the need to protect humans in different 
circumstances (medical and occupational exposures, and exposures to the public). In 
doing so, parts of the environment (the human habitat) probably have been afforded 
a fairly good level of protection through the application of ICRP’s system for 
protection. Nevertheless, there are clearly circumstances where the Commission’s 
current view is insufficient to protect the environment, or even incorrect. Examples 
are environments where humans are absent (e.g., aquatic environments), a situation 
where humans have been removed for their own safety (e.g., in the case of 
intervention), and circumstances where the distribution of the radionuclides in the 
environment is such that the exposure to humans would be minimal, but other 
members of the flora or the fauna could be considerably exposed. Another problem 
is that the implicit level of protection (i.e., not endangering whole species) is 
inconsistent with sustainable development and many current environmental 
protection policies, acts and regulations. 

4.1. Human Risk Assessment and Its Implications for Non-Human Species 

(84) The ICRP system for the protection of humans is achieved in practice by 
the principles of justification, optimisation and dose limitation, as well as by the use 
of a) reference anatomical and physiological models of the human being, and b) 
studies at the molecular and cellular level, experimental animal studies, and 
epidemiological studies. The use of models has resulted in the derivation of 
practical, tabulated information on the anticipated ‘dose per unit intake’ of different 
radionuclides that can be applied to workers, patients and the public. The use of 
epidemiological and experimental studies has resulted in the estimation of risks 
associated with the external and internal exposure to radionuclides. For deterministic 
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effects, the data come from human experience, supported by experimental biology. 
For stochastic effects (principally cancer but also including hereditary effects), the 
Commission’s starting points are the results of epidemiological studies. These are 
supplemented by information from experimental studies on the mechanisms of 
carcinogenesis, in order to provide risk estimates at low doses of interest in 
radiological protection.  

 
(85) The Commission’s risk estimates are called ‘nominal’ because they relate 

to the continuous exposure of a nominal population of females and males with a 
typical age distribution. As with all estimates derived from epidemiology, the 
nominal risk coefficients do not apply to specific individuals, unless it can be 
assumed that the individual is typical of the nominal population. If one accepts these 
assumptions, then the estimates of fatality and detriment coefficients are adequate 
both for planning purposes and for general prediction of the consequences of 
exposures of a nominal population. For the estimation of the likely consequences of 
an exposure of an individual or a known population, it will typically be better to use 
absorbed dose and specific data relating to the relative biological effectiveness of the 
radiations concerned and estimates of the probability coefficients relating 
specifically to the exposed population or individual. 

 
(86) The ICRP system for assessment is robust and is, in several aspects, in 

conformity with what is used in other fields of environmental protection, e.g. the 
identification of hazards (essentially all radionuclides), hazard identification 
(primarily through DNA damage) and risk characterisation involving reference 
values. However, this system for assessment does not apply to the environment.  
 

4.1.1.   Reference Man 

(87) Calculations of radiation dose to an organism from external or internal 
sources require information about the anatomical and physiological characteristics of 
the exposed organism. In order to have consistent and reproducible radiological 
protection guidance for different types of exposures, it is important that a consistent 
set of reference values be used to describe, prospectively, various anatomical and 
physiological characteristics of an exposed individual. These reference values for 
tissues and organs, when summed, define a reference individual. Consideration of an 
entire reference individual helps to ensure that there will be internal consistency 
about how the volume, mass, or functional characteristics of various organs or 
tissues are specified. 

 
(88) This concept of a primary reference organism for human radiological 

protection (Reference Man), has long been used and recognized by ICRP. The work 
to define the first ICRP reference individual began in the late 1940s and in 1975, 
Publication 23 (ICRP, 1975) on Reference Man was published. This report 
contained a wealth of information on the anatomical, morphological, and 
physiological characteristics of humans related to the biokinetics or dosimetry of 
internally deposited radionuclides. ICRP has adopted a new report that provides up-
dated information on Reference Man (ICRP, 2002). 

 
(89) Reference Man is not intended to describe an ‘average’ individual of a 

specified population group; nor do the data sets of this reference individual 
necessarily represent data that would be obtained by taking a random sample of any 
particular population. The purpose of Reference Man is to create a ‘standard’, and a 
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point of reference, for the procedure of dose estimation to humans. The parameters 
and characteristics were originally defined in order to provide a basis for estimating 
exposures to workers, and has with time been complemented with sub-sets of the 
primary Reference Man, such as the Human Respiratory Tract Model (ICRP, 1994), 
the skeleton (ICRP 1995), and doses to the embryo and foetus from intakes of 
radionuclides by the mother (ICRP, 2001a).   

4.2. The Revision of the Commission’s Existing Recommendations  

(90) The Commission is at present revising its existing recommendations for the 
protection of humans in order to develop recommendations for the beginning of the 
21st century (Clarke, 1999, ICRP, 2001b). In doing so, ICRP is considering a simpli-
fied approach, with the following major changes from the recommendations in 
Publication 60 (ICRP, 1991), as follows. 

 
• The emphasis on the protection of individuals, in addition to the requirement 

to optimise protection. 

• The broadening of the narrow definitions of dose limits to a range of 
protective actions and the level above which each action should be taken.  

• The distinction between protective actions that can be applied to the source 
and those that can be applied only to the pathways leading from the source to 
the doses in individuals.  

• The inclusion of a policy for radiological protection of non-human species. 

• The clarification of the dosimetric quantities. 

This is, therefore, a good opportunity to include a framework for protection of 
non-human species that could be interfaced with, or integrated into, an overall 
system of radiological protection. 

(91) The proposed system for the protection of humans starts from a generalised 
structure of individual doses linked to recommended Protective Action Levels. 
These are levels of individual dose above which there is a requirement to take all 
feasible steps to reduce doses. They are influenced by both the type of action and the 
type of exposed individual, something that necessitates a number of such levels. A 
starting point for the use of Protective Action Levels is a classification of levels of 
individual dose. A scale indicating the appropriate level of concern has been 
suggested by the Commission (ICRP, 2001b). The aim is to specify a broad basis for 
defining bands of concern and to avoid a rigid demarcation of the bands while 
avoiding ambiguity. Table 4.1 shows proposed bands of concern, each with a 
descriptive specification and an indication of the level of dose compared with 
natural background. The bands of concern provide guidance about the ranges of 
action level relevant to common types of protective action and types of exposed 
individuals. 
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Table 4.1. Proposed Bands of Concern about individual effective doses to 
humans in a year (ICRP, 2001b). 

 

Band of Concern Level of Dose Concern 

Band 6 >100 x Normal Serious 

Band 5 10-100 x Normal High 

Band 4 1 - 10 mSv  
(Typical natural background) 

Normal 

Band 3 >0.1 x Normal Low 

Band 2 0.01-0.1 x Normal Trivial 

Band 1 <0.01 x Normal Negligible 

 
 
 

4.3. The Need for Reform 

(92) Radiological protection of the environment is an important issue and will be 
even more so in the future. The human-orientated approach used up until now by 
ICRP has obvious limitations with respect to the biosphere as a whole. The current 
system of radiation protection is not generally applicable to the environment, nor 
does it correspond to managerial needs or society’s demands. The Commission’s 
current policy statement, expressed in paragraph 16 of Publication 60 (ICRP, 1991), 
is increasingly being challenged because of its lack of supporting evidence and for 
not covering all circumstances. Therefore, it is necessary that the Commission 
formulates a more comprehensive approach to embrace the protection of both 
humans and other living organisms. In doing so, the two most important questions 
are:  

• Can ICRP’s current system of radiological protection be extended to protect 
biota? 

• How can ICRP’s recommendations for the 21st century be designed so that 
they will also explicitly include consideration of possible impacts of 
radiation on species other than humans? 

 
(93) In answering these questions it is important to recognise that it is not only 

for experts in radiological protection to define what parts or segments of the 
environment need protection from radiation. The needs and objectives for protection 
of the environment have already been defined by society. The role for ICRP will be 
to interpret the consequences for radiation protection of the shift towards a more 
non-anthropocentric approach and to define how the Commission’s long experience 
and systematic approach in the radiological protection of humans can contribute to 
the achievement of these objectives. 

(94) Bearing in mind the fact that the effects of ionising radiation, at least at the 
molecular level, are similar for all living organisms, there are many reasons why 
ICRP now needs to consider the basis upon which it can state more clearly its 
position and future role with regard to the protection of non-human species.  These 
reasons include: 

• the need to demonstrate that the principles of radiological protection are 
consistent with a recognition that it is essential to consider the inter-
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dependence of humans and the environment in order to achieve sustainable 
development; 

• the necessity for operators and regulators to demonstrate compliance with the 
increasing number of existing international and national environmental 
requirements pertaining to those practices that release radionuclides into the 
environment; 

• the historic and continuing use made of the Commission’s recommendations 
and advice in the derivation and formulation of both international and 
national law pertaining to the regulation of such practices;  

• the need of national bodies to provide advice with respect to intervention 
situations, particularly where the potential for human exposure is either 
minimal or preventive action has already been undertaken; 

• recognition of the necessity to demonstrate explicitly how knowledge of the 
potential effects of ionising radiation on the environment can be used to 
inform decision-making and the public; and 

• the need to bring the basis for the regulation of exposure to ionising 
radiation, in an environmental context, more in line with the regulation of 
other potentially damaging industrial practices or of other contaminants 
associated with practices of interest to the Commission. 

 
(95) The role of ICRP in this matter would of course be greatly facilitated if 

there existed a single ethic that encapsulated what was meant by protection of the 
environment. But there is not. Concern for the environment arises from many 
quarters, and the basis for its protection, as discussed in the preceding sections, can 
often be traced back to: 

• scientific evidence, particularly with respect to the need to protect those 
aspects of the environment that directly or indirectly affect human health, 
human sustenance, or human wealth and livelihoods; 

• social and cultural concerns, which may in turn have their basis in religious 
or philosophical tenets and beliefs; and,  

• the need to comply with international and national law that has arisen with 
respect to the protection and conservation of the natural environment. 

 
(96) Taken individually, any of the above reasons for the Commission’s 

involvement in this subject could be debated at length; but collectively they make it 
difficult for ICRP not to get involved. But equally, ICRP should not derive an ethic 
upon which protection of non-human species should be based in isolation from what 
has already been done both nationally and internationally. There is, however, 
sufficient evidence to indicate the level of interface required between a knowledge 
of radiation effects on the one hand, and the requirements of protection of biota on 
the other - namely, the needs of environmental conservation, the maintenance of 
biodiversity, the meeting of environmental quality objectives, and the requirements 
of ecosystem health.  

 
(97) Given the speed with which this subject is developing nationally and 

internationally, and the lack of international adoption of any existing systematic and 
structured approach to assess and manage radiation effects on non-human species, 
there are strong expectations from many quarters for the Commission to act. It is 
therefore clear that the Commission must define its position and desired future role 
as regards radiological protection of biota, in order to meet the expectations from 
other international bodies.  
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5. PROPOSAL FOR A SYSTEMATIC APPROACH TO 
RADIOLOGICAL PROTECTION OF NON-HUMAN SPECIES  

5.1. Introduction 

(98) The Task Group was specifically asked to identify or suggest a basis for a 
framework that could be used by the ICRP to help inform the further development of 
environmental protection approaches at regional or national level. In doing so, it was 
therefore first necessary to review briefly the current or recent state of existing 
approaches to this issue. Some of these have been derived to meet national needs, 
others have been more general in concept and origin; some have been specifically 
developed in order to address the perceived problems inherent in the ICRP 
statements, whilst others have sought to approach the problem afresh, from first 
principles. 
 

(99) Thus a number of different approaches have been made to address the 
questions raised with respect to the current ICRP statement on environmental 
protection. They include the following: 

• arguments that, because humans are an integral part of ‘the environment’, 
and are afforded such a high level of protection, then all other components of 
it are axiomatically protected; 

• calculations to demonstrate that, in hypothetical situations, if radionuclide 
concentrations in the environment are such that the 1mSv a-1 dose limit to 
humans is not exceeded, then the concentrations of radionuclides in the 
animals and plants in their food chain would therefore receive dose-rates less 
than those likely to cause them ‘harm’ at the population level (IAEA, 1992); 

• the use – or proposed use - of ‘dose-limit standards’, for the protection of 
populations of all aquatic animals (1 rad day-1)  and consideration of  dose 
‘standards’ of 1 rad day-1 and 0.1 rad day-1 for populations of all terrestrial 
plants and animals, respectively, for certain sites managed by the DOE in the 
USA (UNSCEAR 1996, US DOE, 1993,1996), and for marine animals (100 
mGy a-1) and for marine plants (1000 mGy a-1) in Russia (Sazykina T.G. and 
Krysshev, 1999); 

• the introduction of an ecological risk assessment framework to assess the 
effects on non-human species of radionuclides released from nuclear 
facilities using dosimetric models and estimated ‘no effect dose rates’ for a 
number of biotic assessment endpoints (similar in principle to the reference 
faunda approach) relevant to aquatic and terrestrial ecosystems (Bird et al., 
2002; Thompson et al., 2002);  

• an attempt to develop an overall  system for environmental protection based 
on a narrowly defined reference fauna-and-flora approach consisting of 
defined dose models, data sets to estimate exposures, and data on dose-effect 
relationships for individual fauna and flora that could be used to help 
decision making (along with other relevant biological information) in 
different  circumstances, such as control of practices or in cases of 
intervention (Pentreath, 1999; 2002 a, b), which has been supported by IUR 
(2000); and 

• consequent developments to produce systematic frameworks - also using a 
‘reference fauna and flora approach’ - for assessing environmental impact of 
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ionising radiation in specific geographic areas, such as at national levels 
(Coppleston et al., 2001), and for European and Arctic ecosystems, including 
projects financed through the EC 5th Framework Programme, notably 
FASSET and EPIC (Strand et al, 2000). 

 
(100) All of these approaches have their strengths and weaknesses. Criticisms 

raised with regard to the first (the ‘axiomatic’) approach include the fact that, even if 
humans are present, they are unlikely to receive the highest doses because of the 
spatial distribution of radionuclides in the environment, and because of the 
differences in the biological accumulation of radionuclides by different fauna and 
flora; plus the fact that there are sectors of the environment where humans cannot 
live (underwater) and circumstances where they have been removed for their own 
safety (intervention) but the fauna and flora remain. The last two of these criticisms 
can also be levelled at the 1992 IAEA study, plus the fact that many of the 
organisms that would be exposed to radionuclides in the environment do not form 
part of the human food chain. But perhaps one of the greatest weaknesses inherent in 
both of these approaches is that the level of protection sought for, or afforded to, the 
environment is not sufficiently defined in terms of biological end points or the levels 
of risk associated with them; although the IAEA study was centred on effects at the 
‘population’ level without defining what it meant by population. 

 
(101) A number of obvious questions have arisen around the ‘dose-limit 

standard’ approaches: by what ‘agreed’ methodologies were the limits derived; 
what biological end points - or levels of risk relating to them - do they represent; 
how does one demonstrate compliance with them and how often; and what does one 
do if they are exceeded? With regard to the USDOE’s existing and proposed dose 
limits, these ‘expected safe levels’ of exposure are based on published data on acute 
and chronic radiation effects (NCRP, 1991; IAEA, 1992; Rose, 1992; UNSCEAR, 
1996), with reproduction being the critical end point of concern, and based on the 
assumption that the population will be adequately protected if the dose rate to the 
maximally exposed individual does not exceed that level of exposure. A graded 
approach for evaluating radiation dose has been developed as a means of 
demonstrating compliance with dose limits, and as a tool for conducting screening 
assessments of radiation impact. A US DOE Technical Standard documents the 
relevant methodology, provides guidance on frequency evaluations, and provides 
guidance on how to proceed if the dose limits are found to be exceeded (US DOE, 
2000).  The application of four generalised organism types (aquatic animals; riparian 
animals; terrestrial animals; and terrestrial plants) in the derivation of limiting 
concentrations of radionuclides (Biota Concentration Guides) in soil, sediment, and 
water as a general screening tool is described by Higley et al (2002a; b; c). 

 
(102) The ecological risk assessment framework also uses a tiered approach to 

determine whether or not actual or planned releases of radionuclides may be harmful 
to biota (CEPA, 1999 and CEAA, 1992 provide definitions of “harm”). 
Measurement endpoints, based on appropriate reference species, are chosen on the 
basis of a pathways’ analysis, and available scientific data on the relative sensitivity 
of various taxonomic groups to ionising radiation. When the results of such 
assessments indicate a potential for harm, they are linked to a risk management 
framework in which available mitigation measures are considered in a cost-benefit 
analysis. The success of the chosen mitigation measure is then evaluated against 
environmental performance objectives using environmental monitoring and/or 
modelling techniques. 
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(103) And finally, the difficulty with attempting to develop the reference fauna-
and-flora system approach of Pentreath (1999; 2002 a,b) is seen to be the potential 
scale of the task, the extent to which a  ‘reference’ approach based on a few well-
defined reference organisms could usefully be applied to many different specific 
locations or circumstances, and the individual basis – not taking account of impacts 
on higher levels of organisation. The IUR has supported the reference flora and 
fauna approach and integrated the concept into their ongoing development of an 
environmental protection framework (Strand et al., 2000; IUR, 2000). A rather basic  
‘reference fauna and flora’ approach to establish release rate limits was, however, 
first used with respect to evaluating potential environmental impacts of radionuclide 
releases into the marine environment (Pentreath and Woodhead, 1988) and this was 
applied by the IAEA in its consideration of redefining annual release rate limits for 
the purposes of the London Convention (IAEA, 1988). Both the USDOE and the 
Canadian approaches also make use of some form of generic reference ‘organisms’ 
or entities for assessing compliance with predefined dose rate limits. The more 
recent developments of ‘reference’ approaches are therefore considered in this 
document in some detail because their practical application is also an integral part of 
current assessment and management framework development approaches in many 
countries– the EC’s FASSET programme involving Finland, France, Germany, 
Norway, Spain, Sweden and the UK; the EPIC programme involving Norway, 
Russia, and the UK; and the UK’s Impact Assessment programme (Copplestone et 
al., 2001).  

 

5.2. Objectives for Protecting Non-Human Species 

(104) Much discussion has taken place with regard to defining what one is 
actually aiming to protect – individuals, populations, or ecosystems – by the 
application of any of these approaches.  In this respect, the situation is often 
compared – or contrasted – with radiological protection of humans, where the aims 
are (relatively) clear. To some extent, however, the need to answer such a difficult 
question is becoming increasingly less because of the emergence of requirements 
that have to be met with respect to a growing body of general and specific 
environmental legislation. Thus at international and national level a growing list of 
animals, plants, areas, habitats and so on are afforded protection in law from ‘harm’ 
at the individual or population level, as variously described, from all manner of 
activities including the release of radionuclides. 

 
(105) Equally, however, as discussed in Chapter 2, it has to be accepted that there 

is no single ethic that encapsulates what is meant by ‘environmental protection’. 
There is, therefore, no real context for asking the question: what are we, the 
radiation protection community, trying to protect?  Such protection as is currently 
afforded internationally has arisen via a miscellany of global and regional 
agreements that relate to pollution control, waste management practices, hazard 
minimisation, and the need to conserve and protect the natural environment and 
individual components of it. Nevertheless, collectively, this complex web of 
multilateral environmental and similar agreements already constrains a large number 
of industrial practices worldwide. These international agreements are all effectively 
‘soft’ laws in that they are not, generally, strictly enforceable – unless they apply 
across a number of member states within a broader political and legal framework. 
Implementation is therefore usually via national legislation. And at a national level, 
more specific legislation is then applied in relation to all of these subject areas, 
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particularly with regard to the use of technologies in delivering the objectives of 
pollution control. This hierarchical approach is also relevant to the level and extent 
to which international advice can sensibly be given to protect the living environment 
from harmful effects of ionising radiation. 

 
(106) Many international and national agreements now require that environmental 

risk assessment be accomplished in a transparent fashion, that is, in an iterative and 
reproducible fashion, through environmental impact assessments.  The requirement, 
then, is how best to demonstrate compliance with all of the existing and forthcoming 
‘environmental protection’ legislation relevant to that site or practice. This may take 
the form of essentially having to prove a negative – that practices do not cause or 
result in harm to the environment – or that emissions from practices are harmless. 
With regard to protecting the living components of the natural environment in terms 
of ‘nature conservation’, the requirements are again – as noted in Chapter 2 - usually 
to conserve particular species or habitats; to maintain the diversity of habitats, of 
species, and of the genetic variability within species; and to protect habitats and 
designated areas that are from time to time identified for one reason or another. 

 
(107) One relevant general question is therefore: what effects of radiation on 

fauna and flora would have to be minimised in order to meet such requirements? 
The answer is, quite clearly, very many. In order to simplify matters, and to enable 
the development of a useable management framework, Pentreath (Pentreath, 1998, 
1999, 2002 a,b) and IAEA (IAEA 2002b) have suggested that a suitable interface 
would be that of summarising such effects into three broad categories: early 
mortality directly attributable to radiation; scorable cytogenetic (DNA) damage – as 
an indicator of undefined biological damage; and reduced reproductive success. A 
fourth end point could be morbidity related to radiation damage. In taking this 
approach, however, it was fully recognised that such headings mask a large variety 
of discrete effects – such as those relating to fertility, fecundity, and so on. But, 
equally, it also fully recognised the limitations of our current knowledge of such 
effects, plus the need to be able to interpret such expected effects within a broader 
context of managerial evaluation of impacts on the environment. Thus, for example, 
there may be different consequences – and thus decisions to be made – if only a 
small fraction of a natural population were to be exposed to a ‘high’ level of dose, 
compared with a large fraction of the population being exposed to a ‘low’ level of 
dose. However, defining what constitutes an acceptable level of harm goes beyond 
the realm of science and is best dealt with at the environmental management stage 
when policy decisions take into account socio-economic factors. 

 
(108) If any protection system is to be of value, then it also needs to be capable of 

application to any managerial circumstance. In the current terminology of 
radiological protection, this effectively means that it could be applied to both 
practices and interventions. And, more specifically perhaps, that it could be used 
where concern is often uppermost in the minds of policy makers and the general 
public: in situations where pathways to humans are few, or entirely absent; in 
predicting future exposures, especially with regard to waste disposal practices; in 
situations where accidents may happen or things do not go as predicted; in dealing 
with contaminated land which is unlikely to be inhabited by humans; as well as in 
providing explicit assurance for routine operations. Fortunately, a considerable effort 
has been expended in monitoring actual releases, and in modelling future or possible 
releases, of radionuclides in a wide range of terrestrial and aquatic environments. 
Many studies have been made of the relative concentrations of radionuclides likely 
to occur between the different media and the fauna and flora that live in them, 
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particularly for aquatic environments. Unfortunately, however, most of these data – 
usually expressed as concentration factors, concentration ratios, or transfer factors – 
are for either whole organisms, or for those parts of organisms that are likely to be 
eaten by humans. In other words, they are not always the data that are required to 
estimate the dose rates to fauna and flora that would have a bearing on early 
mortality, reduced reproductive success, or hereditary effects. 

 
(109) Provided one is willing to rely largely on models instead of on direct 

empirical measurements, a large number of models and relevant databases do exist, 
and attempts have been made to develop ‘reference’ ecosystems for particular 
radioactive waste disposal practices – such as IAEA’s BIOMASS (Biosphere 
Modelling and Assessment) programme (IAEA, 2001). The ‘reference fauna and 
flora’ approach would therefore be readily applicable to a variety of environmental 
situations. For the marine environment, concentration factor and kd values that could 
be used as a basis for calculating dose per unit water concentration (via both internal 
and external exposure) for a number of faunal types have already been compiled for 
some 60 elements (IAEA, 1985). Such an approach was used by IAEA for 
modelling exercises with regard to the practice of sea disposal for some 200 
radionuclides (IAEA, 1988) Such data sets would then be, effectively, the equivalent 
of tabulations of dose-per-unit intake for Reference Man. 

5.3. A Reference Fauna and Flora Approach 

(110) As can be seen, there have been several ‘reference’ approaches, where the 
term ‘reference’ refers to different things – dose models, methods, and so on. The 
reasoning behind the development of a systematic Reference Fauna and Flora 
approach (Pentreath, 1998, 1999, 2002 a, b; Pentreath and Woodhead, 2001) 
however, was to derive a complete set of related information for a few organism 
types. It therefore essentially admits that this approach cannot provide a general 
assessment of the effects of radiation – or indeed of anything else – on the 
environment as a whole. But, by using reference data sets one should be able to 
make some sort of statement about the probability and severity of the likely and 
different effects of radiation exposure on such individuals. One should then, in turn, 
be able to make an assessment of the likely consequences for either individuals or 
the relevant population, using these and other environmental data and information, 
in order to make managerial decisions relevant to the circumstances that gave rise to 
the radiation exposure. 

 
(111) This concept of deriving such data sets for Reference Fauna and Flora is 

therefore similar to that of the reference individual (Reference Man) used for human 
radiological protection, in that it is intended to act as a basis for many calculations 
and decisions. It is not intended that each reference organism would, in some way, 
represent an average or even a sentinel environmental organism. But, again as for 
Reference Man, each would serve as a primary point of reference for drawing 
comparisons with other – and probably more limited – sets of information on other 
organisms. Less complete, or more locally relevant, secondary sets of information 
could be compiled for any other fauna and flora; but each such data set would then 
have to be shown to be related in some way to the ‘primary’ set. Again, this is 
similar to the approach used for humans, where other (secondary) data may be used 
for different social, age, and dietary groups of people from that envisaged for 
Reference Man, as discussed in paragraph 89. And, indeed, even ‘tertiary level’ data 
may be used where they are relevant to specific groups of people.  
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(112) Thus, for what one might term each Primary Reference Fauna and Flora 

for environmental protection (Pentreath, 2002 a, b), one should have (or be 
reasonably able to obtain) a fairly internally consistent set of data on the following: 
basic life-cycle biology; pathways of exposure to radiation that can be expressed in 
terms of dose-per-unit-exposure ‘look-up’ tables; dose model(s) to estimate doses 
received by the relevant ‘critical’ organs; effects of radiation (early mortality, 
reduced reproductive success, and observable DNA damage) on individuals; plus the 
basis for assessing the possible ecological consequences of different numbers of 
individuals receiving the same or different levels of radiation dose. Such data sets, 
for a number of reference organisms, would also serve as ‘default’ values where 
other data were lacking. 

 
(113) This still raises the question of what these primary reference fauna and 

flora actually are (Pentreath & Woodhead, 2001). The criteria upon which they 
might be selected would probably include many scientific considerations, but it is 
equally important to have regard to the extent to which they are considered to be 
typical representative fauna or flora of particular ecosystems. Ideally, one might like 
to select those organisms that were known to be particularly sensitive to radiation, or 
were known to be vital components of particular ecological communities or 
expected to receive higher exposures because of their habitat (e.g. sediment-
dwelling organisms when radionuclides will accumulate in sediment). But one also 
has to be pragmatic, and therefore consider the amount of radiobiological 
information that is already available on them, including data on radiation effects. 
They would also have to be amenable to future research in order to obtain the 
necessary missing data. One would also have to consider 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 – such as a duck, or a crab. By and large, one could argue that a 
starting point could be those types of fauna and flora for which we already have data 
on doses and radiation effects. But it does not matter if any property (dose received, 
radiation effect) of other fauna and flora are already known to be greater or less than 
that of the ‘reference’ ones, providing that the scale of the relationship to them is 
known. Once selected, the fauna and flora would still need to be described in 
taxonomic terms. It has been suggested that ‘species’ level is probably too narrow, 
and that ‘Family’ or ‘Order’ level might be an appropriate level to start aggregating 
existing data (Pentreath and Woodhead, 2001). 

 

5.3.1.   Dose Models and Exposure Geometries 

(114) The variety of dose models needed for such reference organisms, in 
addition to the obvious considerations of target size and shape, will clearly depend 
upon how the consequences of radiation result in one of the above categories of 
biological effect. A short hierarchy of dose model complexity has been suggested by 
Pentreath & Woodhead (2001) based on a solid sphere, ellipsoid, or cylinder, plus 
one (or more) internal solid spheres, ellipsoids or cylinders to represent other 
specific tissues of interest. Such models have been used extensively in the past 
(Woodhead, 1979; Pentreath and Woodhead, 1988; IAEA, 1988; NCRP, 1991); each 
has its advantages and disadvantages. Many of these models are providing the basis 
of the current studies being made within FASSET (Copplestone et al 2001) 
including comparisons using Monte Carlo simulations. Variations of these 
environmental geometry categories are also already commonly applied (Amiro, 
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1997; USDOE, 2002; Jones, 2000; Higley et al., 2002a, b, c). An equally important 
consideration is that of the possible range of ‘environmental’ geometries within 
which these dose models could be set. For convenience, it has been further 
suggested that these could be grouped into the following simple categories: 
surrounded by air, water or soil (4π); at the interface of air or water with soil or 
sediment (2π); and concentric i.e. organism surrounded (4π) by air, or water and 
then surrounded by soil or sediment (Pentreath & Woodhead, 2001). 

 
 

5.3.2.   Dose Consideration Levels for Non-Human Species 

(115) A further obvious question that arises with regard to the Reference Fauna 
and Flora approach is that of how to interpret and apply data on the various 
relationships between different doses and different biological effects. There are 
several ways in which environmental assessments can be made by using measured 
or estimated dose rates. Comparisons can be drawn with the range of natural or 
historic background radiation levels obtaining in a given area, including internal 
exposure for specific species. They can also be compared with experimentally 
derived information on what levels of radiation (doses and dose rates) have had what 
harmful effects. For the protection of the public, ICRP is now considering an 
approach based on bands of concern, and with explicit reference to background dose 
rates (ICRP, 2001b).  

 
(116) This idea also lay behind the proposal to have Derived Consideration 

Levels for fauna and flora – where data derived could be set out in scales of dose-
effect levels in order to aid in the consideration of different management options, 
depending upon exposure circumstances and all other relevant information 
(Pentreath, 1999, 2002 a, b). But, in this case, there are currently only two bases 
upon which to assess the potential consequences for fauna and flora: natural 
background dose rates, and dose rates known to have specific biological effects on 
individuals. This approach would of course place considerable reliance on knowing 
what the mean and range of background dose rates actually are; hence the reason to 
be clear as to how to describe them in terms that allow for the high alpha content 
found in many aquatic organisms. 

 
(117) Bands of Derived Consideration Levels for reference fauna and flora could 

be compiled by combining information on logarithmic bands of dose rates relative to 
normal natural background dose rates, simply as a means of presentation,  plus 
information on dose rates that may have an adverse effect on reproductive success, 
or result in early mortality (or cause morbidity), or are likely to result in scorable 
DNA damage for such organisms. Such a banding could be essentially on the same 
basis as that recently proposed for humans (ICRP, 2001b), in that additions of dose 
rate that were only fractions of background might be considered to be trivial or of 
low concern; those within the normal background range might need to be considered 
carefully; and those that were one, two, three or more orders of magnitude greater 
than background would be of increasingly serious concern because of their known 
adverse effects on individual fauna and flora (Pentreath, 2002 a). This approach has 
the added advantage of not relying on the results of arbitrary extrapolations of 
effects on individuals to effects at higher levels of organization (e.g. population, 
community). 
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(118) Other factors would also have to be taken into account, particularly with 
regard to ethical, legal, and social considerations and the nature and numbers (or 
fraction of the local population) of fauna and flora that were liable to be exposed 
within the different bands; in other words, all ethical, legal, and social factors as 
well as the scale of the area actually or likely to be affected in terms of elevated dose 
rates, and the specific nature of the fauna and flora that lived within it. This would 
effectively define the boundary between radiation protection expertise, other areas of 
biological and ecological sciences, as well as social issues such as stakeholder rights 
and democratic procedures. For a reference faunal type such as a terrestrial mammal 
the result might be similar to that outlined in Table 5.1 (adapted from Pentreath, 
2002 a), the relative banding depending on what – using consistent dosimetry – the 
actual range of background dose rates are shown to be, and how they compare with 
dose rates shown experimentally to have these effects. 

 
 
Table 5.1. An example of how a table of Derived Consideration Levels might 

look for the case of a reference terrestrial mammal (as modified from Pentreath, 
2002). 

 
Derived 

Consideration 
Level 

Relative 
Dose Level 
(Incremental 

Annual Dose) 

Likely Effect on 
Individuals 

Aspects of Concern 

Level 5 >1000 normal Early mortality Possible remedial action 
considered 

Level 4 > 100 normal Reduced 
reproductive success 

Concern dependent on what 
fauna and flora, and their 
numbers, likely to be affected 

Level 3 >10 normal Scorable DNA 
damage 

Concern dependent upon 
size and nature of area affected  

Level 2 Normal back-
ground range 

 No action considered 

Level 1 < Normal 
background 

Low No action considered 

 

5.4. Developing a Common Approach to protect Humans 
and Other Living Organisms 

 
(119) It is necessary that a system for radiological protection of non-human 

organisms is harmonised with the principles for the radiological protection of 
humans. The objectives of a common approach to the radiological protection of 
humans and other living organisms, as suggested elsewhere (Pentreath, 2002 a),  
might be  
 
to safeguard human health  
by 

• preventing the occurrence of deterministic effects;  
• limiting stochastic effects in individuals and minimising them in populations;  
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and  
 
to safeguard the environment  
by 

• preventing or reducing the frequency of effects likely to cause early 
mortality, reduced reproductive success, or scorable DNA damage in 
individual fauna and flora to a level where they would have a negligible 
impact on 

• conservation of species, maintenance of biodiversity, or the health and status 
of natural habitats or communities. 

 
The development of such a common approach to radiation protection in general 
would also further justify the development of a common methodology and scientific 
basis for making assessment and decisions. Thus the achievement of these objectives 
should be centred on a set of reference dose models, reference dose per unit intake 
and external exposure values, plus reference data sets of doses and effects for both 
humans and fauna and flora. This would allow informed policy and management 
decision-making with regard to public health and environmental protection for the 
same environmental situation (Figure 3). 
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6. DISCUSSION  

6.1.  Assessment and Management Aspects 

(121)  It has to be acknowledged that within any overall approach to environmen-
tal protection, the science-based assessment of environmental consequences will be 
affected by – and indeed guided by – ethical and democratic decisions made by 
society in general. These decisions will therefore reflect the particular cultural 
environment of that society, expressed in terms of their moral values, as well as by 
managerial principles. There is therefore not always a clear distinction between what 
one might call ‘purely scientific’ and ‘purely value-based’ judgments, because 
science and societal views are interlinked, as discussed in Chapter 2. 

 
(122) For the purpose of developing a system for protection of non-human 

species from the harmful effects of ionising radiation, and for analysing the 
components of a framework, it is therefore useful first to differentiate between these 
assessment and management components. This is particularly important when 
attempting to understand the purpose of the analysis, because each component may 
use completely different methodologies and interpretations. Thus, for example, the 
assessment component may require an indication of general environmental 
consequences, whereas the management component may require demonstration of 
compliance with specific standards or procedures. The difference between these two 
components is also reflected in the current state of the development of 
environmental protection frameworks within different countries, or being carried out 
by different organisations, at any given time. 

 
(123) With respect to ionising radiation, assessments may be performed in order 

to analyse the consequences that the presence of radionuclides may have for the 
environment generally, or specifically in relation to particular circumstances or 
ecosystems. This may require an ‘effects-analysis’ approach that needs to be 
targeted at the correct hierarchical level of biological organisation and covers a 
sufficiently wide range of biological effects and rationales for assessing their 
consequences at these different levels. The IUR has supported this type of 
assessment and made it a key component of its current work relating to the 
development of an environmental protection framework (Strand et al. 2000, IUR, 
2000). Such an approach is being taken by the EC’s 5th Framework Programme 
projects FASSET and EPIC, where ‘effects databases’ are being assembled to be 
used respectively for major European ecosystems generally and for the Arctic 
environment. The results of such assessments are essentially ‘open-ended’ because 
they are designed to facilitate communication on environmental risks and to help the 
overall decision-making process, although they may subsequently also help in 
deriving more specific environmental criteria or standards. A number of possible 
management options may also then have to be considered in the light of such an 
assessment approach.  

 
(124) An ‘effects- analysis’ can also be specifically carried out within an 

assessment exercise in order to derive environmental standards relevant to particular 
practices. A consequence of such an approach is that there is then a management 
requirement to develop the means to demonstrate compliance with such numbers. 
The procedures necessary to do this can be simple or complex, and tiered 
approaches can be introduced to facilitate their use. The graded-approach system 
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developed by the US DOE (using dose-limit standards) and which is used at some 
DOE sites and facilities ( USDOE, 2002; Higley et al 2002 a,b,c; Jones, 2000), and 
the approach recommended to the CNSC by its Advisory Committee on 
Radiological Protection (ACRP 2002), based on aspects of the tiered approach of 
Environment Canada’s ecotoxicological risk assessment; plus the graded approach 
of the USDOE for some of its contaminated sites are all illustrative of systems 
developed, or under development, as such compliance tools. These approaches and 
methodologies also provide data and information relevant to other managerial 
requirements and assessments. 

 
(125) Differences between the various methodologies are usually more apparent 

than real, and mainly depend on the purpose of the assessment rather than 
fundamental differences in philosophy or approach.  

6.2. Developing a Common Approach to the  
Protection of Humans and Non-Human Organisms 

(126) The challenge for the ICRP, therefore, is to re-examine its existing system 
(and its proposals) to see if it can incorporate the ideas being developed with regard 
to environmental protection in such a way that it provides a means of underpinning 
these existing and developing assessment and management initiatives. The ICRP is 
well placed to accept this challenge, because although there are clear differences 
between the ethical, conceptual, and practical aspects of protecting humans and non-
human organisms with respect to ionising radiation, there are also many similarities. 
There are also other good reasons why the two subjects should be addressed 
simultaneously, and in a consistent manner. Much of the basic information on the 
mechanisms by which radiation can affect living matter has been derived from 
studies on organisms other than humans. And, equally, human-derived data can help 
in the development of a systematic approach to protecting biota. Indeed, there are 
clear advantages in developing the science base of information on all aspects of the 
effects of radiation such that it can be applied to living matter generally.   

 
(127) There are also good practical reasons for ensuring that the development of 

any approach to the protection of non-human species is consistent with the evolving 
system of the protection of humans in an environmental context. This is not only to 
ensure that the development of one system does not undermine the other, but also to 
enable both to be carried out within the same overall assessment and management 
framework.  An over-arching, systematic approach is therefore needed in order to 
provide this high-level advice and guidance. This should ideally include the 
following elements with respect to both humans and biota: a clear set of principles 
and objectives; an agreed terminology – particularly with regard to quantities and 
units for biota; key reference dose models and related data sets to quantify 
exposures; authoritative analyses of categories of radiation effects data relevant to 
the needs of environmental and human protection; guidance on the practical 
application of the system; plus clear ownership and management of review and 
revision processes in the light of new data and interpretations. 

 
(128) It is therefore proposed that, as a starting point, ICRP takes the responsi-

bility for defining and developing sets of data for, initially, a small number of 
Primary Reference Fauna and Flora. These would be essentially analogous to 
(primary) Reference Man for protection of the human population, and their number 
may increase as more knowledge becomes available. The purpose and objective of 



 41

the primary set would be to obtain as complete a data base as possible, and as 
complete an understanding as possible, of the basic biology and the doses that could 
be received by, and the resultant effects of radiation on, a limited set of faunal and 
floral types. The criteria for the choice of reference organisms will have to be 
decided by ICRP.  The data sets, and advice on how to use them, would be for a few 
organisms that were typical of different natural environments and about which a 
large amount of information on doses and effects was both known and was 
continuing to be obtained.  
 

(129) It is, however, unlikely that the sole use of such a limited set of primary 
reference organisms would serve to satisfy all assessment needs (Pentreath, 2002 b). 
Therefore, the primary set could later be supplemented or supported by information 
on Secondary Reference Fauna and Flora where, for example, there was a need 
for a greater overall range of faunal and floral types of organisms in the assessment 
exercise; locally characteristic types of fauna and flora for particular ecosystems, 
either in terms of habitats (forests, freshwater lakes), or with respect to particular 
geographic regions or areas (e.g. the Arctic, or temperate Europe); or very specific 
faunal or floral types (e.g. in order to satisfy or comply with specific ‘nature 
conservation’ legislation). Where circumstances did warrant it, more detailed 
(tertiary) data sets related to actual fauna and flora could be developed for specific 
cases. But the derivation of all secondary (or lower) data sets would benefit greatly 
by being able to demonstrate in what manner they related to the primary set.  

 
(130) One possible advantage of this approach is that for any given spatial and 

temporal distribution of radionuclides, from any source, under any circumstance, 
one should be able to estimate both the relevant bands of concern with respect to 
members of the public (based on Reference Man – or the ‘secondary’ data sets) and, 
via the Derived Consideration Levels, with respect to non-human species (based on 
primary or secondary Reference Fauna and Flora). These two ‘bands’ would be 
independent of each other but derived in a complementary manner; based on the 
same underlying understanding of the effects of radiation on living matter. And, in a 
practical sense, the two ‘bands’ would (or could) each be related to the same 
concentration of a specific radionuclide, within a specific environmental material, at 
any particular site (Figure 3). Thus, for example, a given concentration of one 
radionuclide in the aquatic environment could result in a low band rating for both 
the public and the fauna and flora, whereas for another radionuclide the result might 
be a higher one for the fauna than for the public, or vice versa. 

 
(131) At least two aspects of this approach need further consideration: 
 
• that of restricting the advice to the effects of radiation on  individual animals 

or plants, as is the case with human radiological protection; and 
• that of restricting the advice in terms of radiation dose rates on fauna and 

flora to those that have particular observable effects. 
 
With respect to the former, this is not to imply that it is the individual that is 

necessarily the object of protection in any particular exercise, but there are several 
reasons why it would be difficult to provide advice and recommendations at any 
other level. As noted in Chapter 2, there may be ethical or moral grounds or 
objections to mainly consider protection of the environment at the population or 
ecosystem level. Secondly, because a very large number of animals and plants are 
already afforded protection at the level of the individual, in international or national 
law with respect to some form of ‘harm’ arising from human activity, it would be 
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inappropriate to attempt to provide advice that could not be used in such legal 
contexts. And thirdly, from a purely practical point of view, even to attempt to 
interpret the likely environmental consequences of many individuals, of any animal 
or plant receiving dose rates known to have effects at the level of the individual, in 
any particular circumstance, would require much more information of a non-
radiobiological nature than could be incorporated into the provision of general 
radiation-protection advice. But that is not to say that such information cannot be 
obtained, or applied to different circumstances, by national or international bodies. 

 
(132) Protection of non-human species may also have to be demonstrated, or 

taken into account, in many different circumstances. Thus the consequences of the 
presence of radionuclides in the environment may be managed by way of ‘pollution 
control’ legislation although, in some circumstances, and for some countries, other 
legislative needs – such as those arising from ‘nature conservation legislation may 
predominate (Pentreath, 2002b). Each of these may require different approaches, 
including those that are similar to toxicity-based or ecotoxicity-based approaches 
used in the management of other threats to the environment. They may require the 
local derivation of environmental standards – in terms of dose rates or radionuclide 
concentrations in particular environmental materials – to manage particular 
situations. Or they may simply require independent evaluations of the potential 
effects of radiation on the biological parameters of interest within any particular 
habitat or site. But these are decisions to be made at a national level. Additional and 
necessary advice and guidance would also be provided nationally via other fora. 
Nevertheless, it would greatly help the overall acceptability and interpretation of 
such decisions if they were all to be based upon – or shown to be derived from, or 
related to - some system of reference methods, models and data bases. 

 
(133) Setting out data in terms of radiation dose rates that were known to have 

particular radiation effects on different types of fauna and flora would appear to be 
the most appropriate and transparent format in which to provide general advice. 
This could be used to support legal frameworks at a national level that were already 
being drawn up in terms of ‘dose-rate limits’ for the environment, as in the USA, as 
a result of their assessment procedures; but it has to be borne in mind that other 
countries may not wish to pursue such a route, either in terms of legal interpretation, 
or in terms of using dose rates as the basis of any form of guidance or stricter form 
of legislative control.  

6.3. Next steps for ICRP 

(134) From all of the above it is evident that the need to develop a common 
approach is urgent. It is also feasible. In recent years, a large amount of relevant 
work has been carried out by individuals, and by international and national 
organisations. There have been specific research programmes, specialist review 
groups, and interpretations of the large amount of radioecological information that 
has been gathered over the last fifty years. All of this work, plus the work of this 
ICRP task group, provides a basis for the development of a practical framework for 
the protection of both humans and non-human species. However, it first needs to be 
broadly introduced, developed, and hopefully accepted if some form of international 
consensus is to be achieved.  

 
(135) That is not to say, as is the case with most of our experience with radiation 

protection, that there are no important data or knowledge gaps. One of the major 
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gaps arises from an earlier lack of any systematic attempt to compile data 
specifically relevant to the protection of flora and fauna, both in the context of 
exposures and effects relevant to defined endpoints. Several time-limited initiatives 
are already taking place on this subject but ICRP could, in co-operation with others, 
immediately play a major role in compiling this information in a manner helpful to 
the development of a workable framework. 

 
(136) Of particular urgency is the issue of the definition of relevant quantities, 

and the selection of their associated units. A number of suggestions have recently 
been made: a Dose Equivalent for Fauna and Flora (Pentreath, 1999); a Biota 
Absorbed Dose (Kocher and Trabalka, 2000); and an Ecodosimetry Weighting 
Factor (Trivedi and Gentner, 2000). Their principal differences are not simply in 
their choice of terminology but in the concepts that lie behind them. Pentreath 
(1999) and Pentreath and Woodhead (2001) have suggested that a ‘set’ of values 
might ultimately be needed, in view of observed and predicted differences in 
biological effects amongst different types of organisms, whereas the other authors 
(Kocher, 2000; Trivedi and Gentner, 2000; Thompson et al., 2002) have suggested a 
single value for all organisms other than humans. Either way, the choice of values 
and their basis needs detailed consideration; the scientific literature contains values 
that range over orders of magnitude, and the whole subject is in need of serious 
evaluation and further research. 

 
(137) ICRP should therefore consider how best to resolve these and other issues 

in co-operation with other bodies. If it intends to develop this subject further, it 
would also need to consider how best to deal with such issues as the selection of 
primary reference fauna and flora, and their associated dose models and databases. 
These are both ethical/policy issues and radiation-biology issues (except the first) 
but all will need a broader discussion with non-radiation bodies at a high level. It 
would also be useful to set out some clear ‘divisions of responsibility’ between 
ICRP, UNSCEAR and IAEA in order to avoid duplication, and the confusion of 
others. (For example, ICRP examining the definition and characterisation of the 
‘primary data sets’ and IAEA examining how to develop the practical application of 
this approach – through ‘secondary fauna and flora’ data sets - to specific 
applications such as routine releases or waste disposal options.) 
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7. CONCLUSIONS AND RECOMMENDATIONS 

(138) The Commission is undoubtedly well placed to provide guidance on tools, 
methods, and data sets to assess radiation doses to biota and estimate risk that could 
be generally accepted, and that could also synthesise protection of human and non-
human species into a coherent framework. A prerequisite is that ICRP acknowledges 
both the need for guidance by citizens, regulators and implementers, and for 
awareness and concern in this matter. This would require that the Commission’s 
current system for assessments to be expanded in order to demonstrate explicitly that 
non-human species can be protected. This, in turn, requires that a system for 
evaluation of risks to non-human species be developed. In the latter case, ICRP must 
also recognise the need to appreciate developments in other fields of environmental 
protection. 

 
(139) ICRP should thus have a specific role to play. This role should be based on 

the need to provide over-arching policy and guidance by providing the sort of 
underpinning information that it provides for human radiological protection by way 
of recommendations and advice, supported by some key data sets and models. In 
order to develop a framework for the assessment of impact of ionising radiation on 
non-human species , and protection against harmful effects of ionising radiation, the 
Commission therefore needs to revise its current system of protection, and 
particularly: 

• develop a comprehensive approach to the study of the effects on, and 
protection of, all living matter with respect to the effects of ionising 
radiation; 

• develop a system of radiological protection that includes protection of non-
human species with a clear set of objectives and principles, and an agreed 
set of quantities and units applicable to all living things; 

• interpret basic knowledge of radiation effects in  species other than humans 
so that they can be used in an environmental context, for example, in setting 
criteria or benchmarks of protection at the appropriate level of hierarchy 
(individuals or populations); 

• develop a small set of primary reference fauna and flora, plus their relevant 
data bases so that others can develop more area and situation specific 
numerical approaches to assessment and management of risks to non-human 
species; 

• show its commitment to protection of non-human species  and lets this be 
reflected in the organisation of work and in the composition of experts; 

• plan regular reviews and revisions of this new system as new knowledge 
develops. 

 
(140) The Commission’s system of protection has evolved over time as new 

evidence has become available and as our understanding of underlying mechanisms 
has increased. Consequently the Commission’s risk estimates have been revised 
regularly, and substantial revisions are made at intervals of about 10-15 years. It is 
therefore likely that any system designed for the radiological protection of the 
environment would also take time to develop, and similarly be subject to revision as 
new information is obtained and experience gained in putting it into practice. 
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Figure 1. From science to regulations on radiological protection of humans.   
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Figure 2. Schematic flow chart showing radiation effects from the initial DNA 
damage to effects on individuals and higher levels of organisation.    
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Figure 3. Developing a common approach for the radiological protection of humans 
and non-human organisms (slightly modified from Pentreath, 2001) 
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