
Technical Reports SeriEs No. 479

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA

ISBN 978–92–0–100714–8
ISSN 0074–1914

There is a well developed system of radiological 
protection of humans which has been implicitly 
providing protection to the environment for 
most exposure scenarios. A complementary 
systematic framework for radiological protection 
of the environment, specifically considering 
exposure of wildlife, only began to evolve over 
the past decade and is now incorporated 
in the recommendations of the International 
Commission on Radiological Protection and is 
taken into account in IAEA safety standards. 
For many years, the IAEA has supported efforts 
to develop models for radiological assessments 
for members of the public, and for flora and 
fauna. The most common approach to estimate 
radionuclide transfer to wildlife is to use a 
‘concentration ratio’ to predict the activity 
concentration of a radionuclide in the whole 
organism from the activity concentration in 
the soil, sediment, water or air. This handbook 
provides generic transfer parameters in the 
form of concentration ratio values for use in 
assessment of ionizing radiation exposure to 
wildlife as a consequence of the presence of 
radionuclides in the environment.
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FOREWORD

For many years, the IAEA has published materials aimed at supporting the 
assessment of the impact of radioactive releases to the environment, including 
guidance on both the assessment of doses to members of the public and associated 
parameter values, and on potential impacts on other species.

In the context of dose assessments for members of the public, the IAEA 
published generic models and parameters for assessing the environmental 
transfer of radionuclides from routine releases in 1982 (IAEA Safety Series 
No. 57), followed by two major publications providing compilations of relevant 
parameter values: Sediment Kds and Concentration Factors for Radionuclides 
in the Marine Environment (Technical Reports Series No. 247, 1985) and 
Handbook of Parameter Values for the Prediction of Radionuclide Transfer in 
Temperate Environments (Technical Reports Series No. 364, 1994). In recent 
years, these books have been updated and superseded by: Generic Models for 
Use in Assessing the Impact of Discharges of Radioactive Substances to the 
Environment (Safety Reports Series No. 19, 2001), Sediment Distribution 
Coefficients and Concentration Factors for Biota in the Marine Environment 
(Technical Reports Series No. 422, 2004) and Handbook of Parameter Values 
for the Prediction of Radionuclide Transfer in Terrestrial and Freshwater 
Environments (Technical Reports Series No. 472, 2010). 

The IAEA has played an instrumental role in the development of policies 
and assessment methods for evaluating potential impacts of radioactive 
releases on species other than humans, dating back to the 1970s. In 1979, the 
IAEA published Methodology for Assessing Impacts of Radioactivity on 
Aquatic Ecosystems (Technical Reports Series No. 190), followed in 1988 by 
Assessing the Impact of Deep Sea Disposal of Low Level Radioactive Waste 
on Living Marine Resources (Technical Reports Series No. 288). The impacts 
of radionuclide releases to terrestrial and freshwater environments were 
subsequently assessed as part of a consideration of the potential effects of 
ionizing radiation on plants and animals at levels implied by radiation protection 
standards in 1992 (Effects of Ionizing Radiation on Plants and Animals at Levels 
Implied by Current Radiation Protection Standards, Technical Reports Series 
No. 332). The IAEA has continued to work in this area, within the framework 
of the Environmental Modelling for Radiation Safety (EMRAS) programme, 
in the context of its coordination of international organizations with interests 
in environmental radiation protection, and through its ongoing development of 
related safety standards and supporting guidance.

This publication focuses on ‘concentration ratios’, which are one of 
the key parameter values for evaluating the transfer of radionuclides from 
environmental media (soil, air, water and sediments) to wildlife groups, for the 
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purpose of assessing potential radiation dose rates and effects on wildlife. It is, 
therefore, analogous to Technical Reports Series No. 472, which presents transfer 
parameter values for use in assessments of doses to members of the public. The 
present publication contains mean transfer parameters and associated statistical 
distribution information. It also describes the approaches used to derive and 
collate these data and the main components of the models in which these data 
are used. Guidance on the application of these data and approaches for dealing 
with data gaps are also discussed. The transfer data presented in this publication 
are based on a comprehensive review of the available literature, including many 
publications in Russian not available in English. This review may, therefore, be 
considered to supersede previous reviews published by other organizations. 

The current publication was prepared by the members of Working Group 5 
of the EMRAS programme, chaired by B. Howard (United Kingdom), and with 
contributions from many other individuals and organizations convened to this 
work by the IAEA. The IAEA wishes to express its gratitude to all of the experts 
and institutions that contributed to this handbook, in particular, the International 
Union of Radioecology for its support, and the Environment Agency (of England 
and Wales), the Natural Environment Research Council of the United Kingdom 
and the Norwegian Radiation Protection Authority for the development of the 
on-line database used to collate the data presented in this publication. The IAEA 
officers responsible for this publication were D. Telleria and G. Pröhl of the 
Division of Radiation, Transport and Waste Safety.

EDITORIAL NOTE

Although great care has been taken to maintain the accuracy of information contained 
in this publication, neither the IAEA nor its Member States assume any responsibility for 
consequences which may arise from its use. 

The use of particular designations of countries or territories does not imply any 
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of 
their authorities and institutions or of the delimitation of their boundaries. 

The mention of names of specific companies or products (whether or not indicated as 
registered) does not imply any intention to infringe proprietary rights, nor should it be construed 
as an endorsement or recommendation on the part of the IAEA.

The IAEA has no responsibility for the persistence or accuracy of URLs for external or 
third party Internet web sites referred to in this book and does not guarantee that any content 
on such web sites is, or will remain, accurate or appropriate.
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1. INTRODUCTION

The potential impacts of releases of radionuclides to the environment are 
generally assessed by means of mathematical models that take account of the 
transfer of radionuclides through different compartments of the environment [1]. 
The reliability of the predictions of the models depends, among other things, 
on the quality of the data used to represent radionuclide transfer through the 
environment. Ideally, such data should be obtained by measurements made in 
the environment being assessed. However, this is often impracticable or overly 
costly and, thus, there is heavy reliance on data obtained from the literature. 

The IAEA has, for many years, supported efforts to develop models for 
radiological assessments for members of the public [1, 2] and to assemble 
appropriate sets of transfer parameter data [3, 4]. In 2004, the IAEA published an 
updated collection of data relevant to transfer in the marine environment [5] and, 
in 2010, data for estimating radionuclide transfer in the terrestrial and freshwater 
environments [6]. These compilations draw upon data from many countries and 
have come to be regarded as providing international reference values. 

The IAEA has also played an instrumental role in the development of 
policies and assessment methods for evaluating potential impacts of radioactive 
releases on species other than humans, dating back to the 1970s. In 1979, the 
IAEA published a methodology for assessing impacts of radioactivity in aquatic 
systems [7], followed by an assessment of the impact of deep sea disposal in 
1988 [8]. The impacts of radionuclide releases to terrestrial and freshwater 
environments were subsequently assessed as part of a consideration of the 
potential effects of ionizing radiation on plants and animals at levels implied by 
radiation protection standards in 1992 [9]. More recently, the IAEA work in this 
area has involved cooperation with other international organizations with ongoing 
relevant programmes, notably the United Nations Scientific Committee on the 
Effects of Atomic Radiation, the International Commission on Radiological 
Protection (ICRP), the International Union of Radioecology and the European 
Commission. The IAEA has also established of a number of relevant working 
groups within the framework of the Environmental Modelling for Radiation 
Safety (EMRAS) programme. 

The biota working group (BWG) was established during the first IAEA 
EMRAS Programme (2003–2007) to compare and improve the growing number 
of models and approaches used to estimate the exposure of wildlife (both plants 
and animals) to ionizing radiation. Through model testing and comparison 
using scenarios, the BWG demonstrated that the dosimetric components of the 
various models available gave broadly comparable results, but that differences 
in the transfer components used within the models resulted in large variations 
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in predicted whole organism activity concentrations and resultant internal 
doses [10–15]. These conclusions were supported by the outcome of the 
EURATOM PROTECT project [16], which compared the approaches available at 
the time [12, 17], and by the IAEA Coordination Group on Radiation Protection 
of the Environment [18]. The IAEA EMRAS BWG recommended that an 
international handbook on estimating transfer of radionuclides to wildlife, similar 
to Ref. [6], should be developed. In response, working group 5 was created within 
the EMRAS II Programme (2009–2011) to prepare this handbook of readily 
available quantitative information on the transfer of radionuclides to wildlife. 

The use of concentration ratio values as a parameter to assess the transfer 
of radionuclides from environmental media to wildlife is a common approach 
in existing environmental exposure assessment models. To ensure adequate 
transparency, this handbook discusses the limitations of the concentration ratio 
values and the applicability of the data. 

1.1. BACKGROUND

There is a well developed system of radiological protection of humans 
which has been implicitly providing protection to the environment for most 
exposure scenarios [19]. A systematic framework for radiological protection 
of the environment specifically considering exposure of wildlife1 has only 
begun to evolve in the past decade. Policies, principles and methodologies 
for environmental radiological protection have been and continue to be 
developed [21] to consider the radiological protection of the environment in 
more detail and, in some cases, to estimate the exposure of wildlife to ionizing 
radiation. 

In 2007, the ICRP revised its recommendations and acknowledged the 
importance of protecting the environment and, in doing this, noted that the 
standards of environmental control in place for the general public in planned 
exposure situations would ensure that other species are not placed at risk [19]. 
However, the ICRP also acknowledged that some national authorities required 
direct, explicit demonstration that the environment is protected and proposed 
a framework based on the assessment of dose rates and effects to a number of 

1 The term used to refer to species other than humans has varied over the years in 
ionizing radiation protection and radioecology literature. The following have been used: ‘plants 
and animals’ [9], ‘non-human species’ [20], ‘flora and fauna’ and ‘non-human biota’. These 
terms are rarely used in other areas of environmental protection. The term ‘wildlife’ is in 
general use and here refers to living species that are not domesticated and which exist in natural 
habitats.



3

reference organisms (reference animals and plants (RAPs)) [19, 22]. The ICRP’s 
stated aim is now that of:

“preventing or reducing the frequency of deleterious ionizing radiation 
effects in the environment to a level where they would have a negligible 
impact on the maintenance of biological diversity, the conservation of 
species, or the health and status of natural habitats, communities, and 
ecosystems” [19, 20]. 

The ICRP believes that its approach to environmental protection is 
commensurate with the overall level of risk, is compatible with other approaches 
being taken to protect the environment, and closely relates to the current system 
for human radiological protection [19, 20, 22].

The IAEA, in cooperation with a number of other international 
governmental organizations, has taken account of the revised recommendations 
of the ICRP in developing a revised version of the International Basic Safety 
Standards (BSS) [23]. The BSS also identify protection of the environment2 as 
an issue necessitating assessment, while allowing for flexibility in incorporating 
the results of environmental assessments into decision making processes and 
ensuring that the approaches adopted are commensurate with the radiation risks. 
Further guidance on the practical interpretation of the BSS requirements is under 
development by the IAEA.

Some Member States and regional organizations have also developed a 
range of approaches to address requirements in national legislation to demonstrate 
that the environment is protected from anthropogenic releases of radioactive 
substances [24–30]. 

In general terms, the assessment of the exposure of wildlife to ionizing 
radiation requires an approach that contains the following model components: 
(i) transfer of radionuclides to wildlife (including the physical transfer from 
the source of radioactivity through the relevant environmental medium) 
and; (ii) dose conversion coefficients relating internal and media activity 
concentrations to estimate absorbed dose rates to wildlife. The radiological 
risk to wildlife is then considered using knowledge of the biological effects of 
ionizing radiation [20, 31, 32].

2 Protection of the environment includes the protection and conservation of: non-human 
species, both animals and plants, and their biodiversity; environmental goods and services such 
as the production of food and feed; resources used in agriculture, forestry, fisheries and tourism; 
amenities used in spiritual, cultural and recreational activities; media such as soil, water and air; 
and natural processes such as carbon, nitrogen and water cycles.
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The most common approach to estimate radionuclide transfer to wildlife 
is to use a ‘concentration ratio’ to predict the activity concentration of a 
radionuclide in the whole organism from the activity concentration in the soil, 
sediment, water or air. The assumption is that equilibrium exists between the 
activity concentrations in the organism as a whole and the environmental medium 
in which it resides. The validity of this assumption depends on factors such as the 
variation in the rate of release of radioactive substances from a given site, the 
biological half-life of the radionuclide in the organism and the exposure time. 

In aquatic systems, sediment–water distribution coefficients (Kd) are 
used to predict concentrations in water or sediment from known concentrations 
in sediment or water, respectively. Previous IAEA publications have provided 
reviews of Kd values for marine [5] and freshwater ecosystems [6, 33]; thus, 
these values are not included in this handbook.

Commonly, the approach taken to address the wide range of different 
organisms is to use ‘reference organisms’, which have been defined as:

“a series of entities that provide a basis for the estimation of radiation 
dose rate to a range of organisms which are typical, or representative, of a 
contaminated environment. These estimates, in turn, would provide a basis 
for assessing the likelihood and degree of radiation effects” [34]. 

Slightly different terms and definitions are used by various groups [17], 
but the approaches adopted are generally similar. The selection of reference 
organisms may consider the need to encompass protected species, and different 
trophic levels and exposure pathways [20, 31, 35]. Reference organisms have 
tended to be defined at a broad wildlife group level (e.g. soil invertebrate, 
predatory fish, terrestrial mammal). In some cases, consideration of specific 
species has been included [27, 36]. 

The ICRP has established a group of 12 standardized reference organisms 
known as RAPs3 to relate exposure to dose and dose to effects within its 
framework [20]. Information on the ecological characteristics, dosimetry 
and radiation induced effects relevant to these RAPs is presented in ICRP 
Publication 108 [20]. 

In this handbook, the transfer of radionuclides to wildlife is quantified using 
a concentration ratio between the organism and its associated environmental 

3 RAPs are defined by the ICRP as “A hypothetical entity, with the assumed basic 
biological characteristics of a particular type of animal or plant, as described to the generality 
of the taxonomic level of Family, with defined anatomical, physiological, and life-history 
properties, that can be used for the purposes of relating exposure to dose, and dose to effects, 
for that type of living organism”.
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media. The term is defined more precisely in Section 2. Concentration ratios for 
the RAPs have been published recently [37] based on the same on-line database 
(Section 3) as that used for the CRwo-media tables presented here.

1.2. OBJECTIVES

This handbook is primarily intended to provide generic transfer parameters 
in the form of concentration ratio values for use in assessment of ionizing 
radiation exposure to wildlife as a consequence of the presence of radionuclides 
in the environment. These data are intended for use in situations in which site 
specific values are not available or are deemed not to be necessary. The generic 
concentration ratio values are based on the assumption that equilibrium exists 
between the activity concentrations in wildlife and the appropriate medium. 
This assumption does not apply directly to rapidly changing situations where 
an equilibrium has not been established and the limitations of their application 
would then need to be taken into account. 

1.3. SCOPE

This handbook provides equilibrium concentration ratio values for wildlife 
groups in terrestrial, freshwater, marine and brackish4 water environments. 

To provide comprehensive information suitable for different assessment 
approaches and purposes, both geometric and arithmetic means of concentration 
ratios are provided, where appropriate, for different wildlife groups together with 
associated estimates of standard deviation and ranges in observed values. These 
values may not be appropriate for certain cases needing detailed site specific 
assessments for which the collection of locally relevant data may be required. For 
transparency, the approaches used to derive and collate these data are presented. 
Guidance on the application of these data and approaches for coping with data 
gaps are discussed. 

Available activity concentrations and/or concentration ratios for many 
radionuclides are often reported for specific tissues and not the whole organism. 
To enable such data to be converted to appropriate values for the whole organism, 
for the purposes of wildlife assessment, tables of conversion values are provided 

4 Brackish water environments include situations with relatively low water salinity, 
such as estuaries and others.
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to allow tissue specific activity concentrations (or concentration ratios) to be 
converted to whole organism values. 

The data tables presented here relate to the whole organism and are, 
therefore, not appropriate for assessing the transfer of radionuclides to foods 
consumed by humans. For the human food chain, transfer parameter values are 
required that relate to the edible fraction only; these data are presented in other 
IAEA publications [5, 6, 33]. 

1.4. STRUCTURE

Section 2 provides an overview of transfer processes, exposure pathways, 
modelling approaches and the definition of concentration ratios. Section 3 
describes how the data were collated and summarized. The data tables of generic 
wildlife radionuclide concentration ratio values are provided in Section 4 together 
with guidance on their application. Section 5 describes approaches used to provide 
concentration ratios when data for a given radionuclide and organism are not 
available. The appendices provide reference information applicable to different 
sections. They contain data tables which can be used to convert ash or dry weight 
to fresh weight, or tissue specific radionuclide activity concentrations to whole 
organism activity concentrations, respectively, and are relevant to Section 3. The 
Annex provides the source publications used to estimate the concentration ratios 
included in the tables in Section 4, which are derived directly from the on-line 
database (discussed later). These data source publications are independent of the 
references relevant to the text. Relevant concepts and terminology are given in 
the Definitions.

2. CONCEPTS AND QUANTIFICATION

2.1. TRANSFER PROCESSES AND EXPOSURE PATHWAYS

2.1.1. Physical and chemical processes

Most releases of radioactive substances entering the environment are either 
in suspended or dissolved forms in liquid effluents, or as gases or particulates 
in airborne effluents. Following their release into air or water, the behaviour 
of radionuclides will be influenced by their physical and chemical form in 
the same manner as other elements. For example, water chemistry and the 
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oxidation states of some elements, including radionuclides, will determine the 
degree to which they interact with suspended particulate material in the water 
column. The interaction of radionuclides with solid material, such as soil and 
sediment particles, plankton, vegetation and other materials occurs by numerous 
mechanisms including weathering, electrostatic attraction and formation of 
chemical bonds. In most cases, solid materials accumulate higher concentrations 
of radionuclides than air or water with some notable exceptions, such as noble 
gases.

In the terrestrial environment, vegetation can intercept elements, 
including airborne radionuclides from wet, dry or occult (e.g. fog, low cloud) 
deposition [38]; if not intercepted, they may be deposited onto the ground surface 
directly. Biomass per unit area affects the interception fraction for all types 
of deposition, but other factors, including ionic form, precipitation intensity, 
vegetation maturity and leaf area index5 are important. Radionuclide activity 
concentrations on vegetation surfaces are reduced by a number of physical 
processes, including wash-off by rain or irrigation, surface abrasion and losses 
from wind action, tissue senescence, leaf fall, herbivore grazing, growth, 
volatilization and evaporation [39].

Resuspension of contaminated particulate material, generally associated 
with soil or sediment, is a process that occurs in both aquatic and terrestrial 
systems. In aquatic systems, the turbulent action of water can suspend surface 
sediments and transport them considerable distances before they are once more 
lost from the water column by sedimentation. Resuspended particulates will 
be available for direct entry into aquatic food chains via ingestion by particle 
feeders. In terrestrial ecosystems, wind action and rain splash on the soil can 
suspend radionuclides in the air. Resuspended particulates can then be inhaled or, 
if deposited on vegetation, ingested by animals [40]. 

In soils and sediments, radionuclides deposited on the soil surface migrate 
to deeper soil depths to varying extents. Soil/sediment properties, such as 
water percolation rates, amount of water present, pH, presence of ionic species, 
redox potential, bacterial activity, and clay mineral and organic matter content 
are important factors in determining radionuclide mobility [41, 42]. Physical 
disturbance, including bioturbation, leads to the mixing of radionuclides. In 
aquatic ecosystems, the sedimentation of particulate material will lead to the 
burial of deposited radionuclides. 

Fixation of radionuclides to different components of soils and sediments 
over time can reduce their availability for uptake into food chains [43–46]. 

5 Leaf area index is defined as the one sided green leaf area per unit ground area in 
broad-leaf canopies, or as the projected needle-leaf area per unit ground area in needle canopies.
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In addition, vertical relocation to deeper soil and sediment layers removes 
radionuclides to compartments with little biological activity which may then act 
as permanent sinks.

In addition to the above mentioned processes, radionuclides naturally decay 
with a determined half-life characteristic of each element [47]. In some cases, 
radionuclides are naturally transformed into other radioactive or non-radioactive 
elements.

2.1.2. Biological uptake

The transfer of elements (including radionuclides) into an organism often 
depends on the food web, a series of related food chains through which energy, 
nutrients and chemicals move through an ecosystem. In all aquatic and terrestrial 
food webs, radionuclides are transferred from primary producers in the first 
trophic level to primary consumers (herbivores) at the second trophic level and 
then to carnivores or omnivores at higher trophic levels. 

Elements enter food webs by numerous processes, which can vary over 
the different life cycle stages of some species. The key pathways by which 
radionuclides can enter an organism include:

(a) Inhalation of (re)suspended particles or gaseous radionuclides by terrestrial 
animals and aquatic birds, mammals and herpetofauna: Gaseous exchange 
of radionuclides by plants occurs via stomata respiration and cuticular 
absorption of radionuclides in the atmosphere or of radionuclides deposited 
onto plant surfaces followed by foliar uptake. 

(b) Root uptake of radionuclides from the soil solution by plants: Soil/sediment 
characteristics, such as pH, cation exchange capacity, stable element 
status, organic matter content, soil moisture regime and characteristics of 
litter (especially for forest plants), strongly influence the transfer of many 
radionuclides to plants [48, 49]. Another factor governing radionuclide 
transfer to plants is the distribution of root systems and associated mycelia 
in the soil relative to that of the elements [49].

(c) Ingestion of radionuclides via organisms and water in lower trophic 
levels: In aquatic systems, there are many different primary producers 
including microscopic free-floating phototrophs (algae, bacteria, protists, 
phytoplankton) as well as macrophytes (aquatic plants) and macroalgae. 
In lakes and rivers, terrestrial plant material is also an important food 
source for some bottom feeding organisms. The transfer of radionuclides 
from these basal trophic levels occurs largely through the ingestion of such 
organisms by protozoa and zooplankton, and subsequent transfer to higher 
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trophic levels. In terrestrial systems, the ingestion of the primary producers, 
plants, is a major contributor to the contamination of herbivorous animals. 
Predation of herbivores transfers radionuclides to successively higher 
trophic levels. 

(d) Intake of radionuclides via ingested soil and sediments takes place in many 
organisms. For instance, radionuclides in the soil are directly ingested by 
both herbivores (often adhered to plant surfaces) and carnivores, sometimes 
through intentional ingestion to acquire essential nutrients. Ingestion 
of sediment is also a potential source of exposure in aquatic systems, 
especially for benthic feeders. For radionuclides that are not readily taken 
up by plants, such as plutonium, soil or sediment ingestion often represents 
an important route of intake [50–52].

(e) Absorption of ingested radionuclides in the digestive tract and their 
subsequent distribution within the organism leads to internal exposure 
of tissues. Absorption from the gastrointestinal tract of higher animals is 
highly variable and depends on factors such as age, homeostatic control 
and the physicochemical form of the radionuclide [53, 54]. For example, 
caesium in ionic form within plants is absorbed in the gut of herbivores to a 
greater extent than that adsorbed to soil matrices. Radionuclides accumulate 
in particular organs or tissues (e.g. iodine in thyroid, strontium in bone or 
shell, plutonium in liver and bone) [55]. Ingestion is the dominant transfer 
process of some important environmentally mobile radionuclides, such as 
those of caesium, in both aquatic and terrestrial ecosystems.

(f) Major factors influencing element transfer to aquatic biota (e.g. fish, 
molluscs, crustaceans) include the degree of physicochemical equilibrium 
between organisms and their surrounding environment, age of organisms, 
physicochemical form of elements in the water, (taxonomic) species and 
variations in the properties of the aquatic environment (such as suspended 
load, stable analogue concentrations and salinity of water) [56]. Aquatic 
organisms at a higher trophic level may accumulate relatively more 
environmentally mobile radioisotopes, such as iodine, calcium, technetium 
and strontium, than those at a lower trophic level (i.e. a bioconcentration 
effect) [57, 58]. Uptake leads to direct irradiation of respiratory systems, 
such as gills and digestive systems, and internal exposure of other organs 
if radionuclides are absorbed. The importance of different uptake routes 
varies. For example, plutonium in some high trophic level organisms, such 
as predatory fish, is taken up mainly via direct adsorption from the water 
column [59], indicating a low trophic-level effect for plutonium.

The tissues of deceased organisms, as well as secretions and excretions 
from living organisms input radionuclides into the detritus pool in both terrestrial 
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and aquatic ecosystems. Detritus food webs are important in the cycling of all 
elements, including radionuclides. During decomposition, insoluble organic 
material is broken down to simpler forms by microbes and detritivores releasing 
radionuclides for potential uptake by primary producers and other organisms. 

2.1.3. Exposure routes

The extent of exposure of wildlife to ionizing radiation is dependent on 
the amount of the different radionuclides present in the various environmental 
media (soil, sediment, water and air) and the rates of transfer of radionuclides in 
the environment. The pathways leading to exposure of organisms in both aquatic 
and terrestrial ecosystems are subdivided into internal and external components. 
Ingestion of contaminated food and water leads to direct irradiation of the 
digestive tract.

External irradiation can occur from any source external to the organism, 
and the dose that is delivered varies with ionizing radiation type, energy, size 
of organism and location of the source relative to the organism, depending on 
the organism’s ecological characteristics and habitat. For example, a benthic 
dwelling fish will be exposed to ionizing radiation from radionuclides present in 
the water column and deposited sediments, whereas a pelagic fish may only be 
exposed to the former. 

For β and γ irradiation, the range of the β particles or γ rays increases as 
the ionizing radiation energy increases. The relative importance and absolute 
magnitude of internal and external absorbed doses depend on the size and shape 
of the organism and on the density of the medium in which it is located. Most of 
the species in the wildlife groups are sufficiently large that the β and α radiation 
present within the organism will be fully absorbed by the tissues. However, as the 
organism size increases, the penetration of β radiation from external sources will 
decrease, resulting in exposure to the surface layers (e.g. skin, fur, feathers or plant 
cuticle) only. As the γ radiation energy increases, the fraction of the energy that 
is absorbed in a given sized organism will decrease. For microscopic organisms, 
external irradiation from α particles is also possible. External exposure pathways 
are not considered further as they are beyond the scope of the handbook.

2.2. CURRENT APPROACHES TO ESTIMATE TRANSFERS 
AND EXPOSURES USED IN ASSESSMENT MODELS

There are a variety of tools used to estimate exposure of wildlife to ionizing 
radiation [11, 14], some of which are freely available as software packages to 
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any user [27, 35, 60]. In these models, concentration ratios are often used to 
predict radionuclide activity concentrations in wildlife by assuming that there 
is an equilibrium between the whole organism and the medium in which it is 
located [61]. All approaches currently used to assess the exposure of wildlife 
to ionizing radiation estimate dose rates to the whole organism. This approach 
allows model outputs to be put into context with the available data on the effects 
of ionizing radiation, which are typically presented as dose rates to the whole 
organism [20, 31, 32, 62].

Concentration ratio values are used in this handbook to describe the transfer 
from media to organisms. The approach is justified because of: (i) its simplicity, 
transparency and user-friendliness; (ii) the relatively large amount of relevant 
information available for organisms, elements and ecosystems compared with 
other methods of quantifying transfer; (iii) the common use of (and, therefore, 
the need for) this parameter in the existing environmental exposure assessment 
models; and (iv) its compatability with the approach being used by the ICRP in 
its developing framework for non-human biota [20] and tools used for human 
exposure assessments [6, 63]. 

2.2.1. Equilibrium concentration ratios

Concentration ratios are defined in the handbook in a manner which makes 
them clearly distinguishable from human food chain modelling and which 
specifies the medium being considered to avoid confusion. The CRwo-media value 
is defined for terrestrial ecosystems as:

CR
activity concentration in whole organism (Bq/kg,

wo-soil =
  fresh weight)

activity concentration in soil (Bq/kg, dry wweight) 

 (1)

with exceptions, in some models, for chronic atmospheric releases of some 
gaseous radionuclides (such as 3H and 14C) (see Section 2.2.2), where:

CR
activity concentration in whole organism (Bq/kg, 

wo-air =
ffresh weight)

activity concentration in air (Bq/m ) 3

 (2)
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For aquatic ecosystems, the majority of approaches calculate CRwo-media 
using water as follows:

CR
activity concentration in whole organism (Bq/kg

wo-water =
,, fresh weight)

activity concentration in (filtered) water  (Bq/L) 

 (3)

although a few organizations estimate CRwo-media relative to sediment:

CR
activity concentration in whole organism (Bq/kg, 

wo-sed =
ffresh weight)

activity concentration in sediment (Bq/kg, drry weight) 

 (4)

The CRwo-media approach has some limitations; in particular, it assumes 
equilibrium in the environment between the media and the exposed wildlife. 
Therefore, careful consideration needs to be given when applying CRwo-media 
values in circumstances where there is substantial temporal variation in 
radiological conditions (e.g. pulsed inputs of radionuclides or accidents). 
There are alternative methods of quantifying transfer, including dynamic 
models [64] but the data necessary to populate these models are not yet available 
for many situations. Equilibrium CRwo-media values are particularly appropriate 
for assessments of chronic exposure scenarios, including quasi-steady annual 
discharges from nuclear installations. 

CRwo-media values are also used as part of wildlife food chain transfer models. 
For instance, the United States Department of Energy uses CRwo-media values for 
quantifying radionuclide transfer to dietary components (such as plants or insects) 
as part of their kinetic–allometric food chain model [60] (see Section 5.4).

CRwo-media values are empirically derived parameters which offer a 
pragmatic approach to predicting radionuclide concentrations in wildlife and 
similar approaches are used for human food chain assessment [6]. However, these 
values provide no insight into underlying transfer processes or rates (although 
these are integrated within the value). There are many environmental factors 
controlling the behaviour of some radionuclides (Section 2.1). However, as they 
amalgamate many biological–chemical–physical processes, they may have a high 
degree of associated uncertainty. Depending on the purposes of the assessment, 
or the radionuclide and exposure pathway considered, this uncertainty may be 
acceptable and such environmental factors are rarely considered in human food 
chain assessment models used for screening purposes. The need to include 
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such factors depends on whether the radionuclide exposure scenario considered 
is likely to give rise to doses rates requiring more than an initial screening 
assessment. If the release rate of a radionuclide, under highly conservative 
assumptions, only requires a generic assessment [24, 34], then more complex 
models will not be justified. 

If sediment concentrations are known, but data for water are lacking, then 
distribution coefficient Kd values can be used to estimate concentrations of 
radionuclides in filtered water. The Kd can also be used to estimate radionuclide 
activity concentrations in sediment (which are needed to calculate external dose 
from sediment) from filtered water concentrations. The Kd, which is defined at 
equilibrium, is determined as:

Kd  
activity concentration in sediment (Bq/kg, dry w

(L/ kg)=
eeight)

activity concentration in (filtered) water (Bq/L) 
  (5)

The assumption of equilibrium between water and sediment activity 
concentrations is not always valid and the value of Kd is influenced by many 
water and sediment parameters [65]. 

To undertake wildlife dose assessment, the radionuclide activity 
concentration in bed sediments needs to be estimated to determine external dose 
rates to benthic organisms. Many Kd values presented in the general literature 
are for suspended sediments and are not directly applicable to bed sediments. 
It has been proposed that the apparent Kd for bed sediments is roughly 10% of 
that for suspended sediments [1]. These issues also apply to the estimation and 
application of CRwo-sed values. 

2.2.2. Specific activity approaches for 14C and 3H

Values of CRwo-media are not presented for transfer of 3H and 14C in the 
CRwo-media tables because a specific activity approach is generally preferred 
(and is outlined below) and, furthermore, there are few observed CRwo-media 
values for either isotope. 3H and 14C are radionuclides of macroelements which 
are structural components of plant and animal tissues and, in the case of 3H, 
water. In terrestrial environments, these radionuclides are primarily present as 
reversible gases (14CO2 and 3HHO). It is common practice in human food chain 
modelling [6] and many wildlife assessment models [28, 35] to assume a constant 
air concentration and derive concentrations in foodstuff and wildlife relevant to 
this value. The equations presented below for estimating activity concentrations 
of 14C and 3H in wildlife are similar to those recommended in Ref. [6].
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2.2.2.1. Terrestrial environments

For 14C, a simple specific activity approach as that described in Ref. [66] 
can be used. Assuming a constant concentration of 14C in air of 1 Bq/m3, the 
specific activity in air SAair (Bq/g · C) is:

SAair =
1

0 20.
 (6)

where 0.20 g/m3 is the current carbon content of air [6]. 

The specific activity in herbage SAherb will equal that in air:

1
0 20

14

.
=

C
C

herb

herb
 (7)

where 14Cherb (Bq/kg, fresh weight) and Cherb (g/kg, fresh weight) are the 
14C activity and stable carbon concentrations in herbage, fresh weight, 
respectively. Thus, the 14C activity concentration in herbage, fresh weight, is:

14 5C Cherb herb= ( )  (8)

Similarly, the 14C activity concentration in animals 14Canim (Bq/kg, fresh 
weight) is:

14 5C Canim anim= ( )  (9)

where Canim is the stable carbon concentration in animals (g/kg, fresh weight).

For 3H in terrestrial ecosystems, a specific activity approach adapted for 
transfer to animals to take into account tritiated water (HTO) and organically 
bound tritium (OBT) can be applied [66, 67]. 

The tritium activity concentration in plant water is estimated according to 
Refs [68, 69] by:

C
P

P
C

P

PplantHTO
a

v
a

a

v

=









⋅ + −










⋅1 1 1 17 1. . CC s  (10)
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where 

CplantHTO is the HTO concentration in leaf water (Bq/L);
Ca is the HTO concentration in air moisture (Bq/L);
Pa is the water vapour mass per unit air volume (average value for 

summer) (kg/m3);
Pv is the saturated water vapour mass per unit volume at leaf temperature 

(average value for summer) (kg/m3);

and Cs is the HTO concentration in the routing depth of soil (Bq/L).

The HTO concentration in air moisture is estimated as:

C
C

Pa
av

a

=  (11)

where Cav is the HTO concentration in air volume (Bq/m3).

In practice, the average leaf temperature is often considered equal to the 
average air temperature and the ratio in Eq. (10) is equal to the relative humidity 
(during the growing season). If FD is the plant dry matter fraction, then the HTO 
concentration in edible plant parts is simply:

C CfreshHTO plantHTOFD= −( )⋅1  (12)

The fresh weight OBT concentration fraction in plants is given by:

C COBT plantHTOFD= ⋅0 6.  (13)

The 3H concentration in soil water Cs (rooting depth average) is estimated 
as the sum of wet and dry deposition:

C
D

I
Cs

w

r
a= +0 3.  (14)

The wet deposition contribution (Dw/Ir) is derived from the average HTO 
concentration in rainwater during the vegetation growing period, where Dw is 
the total wet deposition (Bq/m2) during the growing period and Ir the average 
precipitation during the growing period (mm). Dw is given by:
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w av MHD C t= ⋅ ⋅ ⋅∆  (15)

where

λ is the washout rate (h–1);
MH is the mixing height in neutral weather conditions (m);

and ∆t is the total duration of rainfall (h) during the growing season. 

The dry deposition component in Eq. (14) is defined by 0.3Ca, where 0.3 is 
a conservative value suited to dry meteorological conditions [6].

The resultant 3H activity concentrations in plant material are assumed 
to represent the diet of herbivorous animals. Subsequently, the activity 
concentrations estimated for herbivores are used to estimate the diet of carnivores. 
The transfer of 3H to animals has been estimated using the approach presented 
in Refs [67, 70]. The 3H activity concentration is estimated as the sum of the 
transfer of HTO and OBT calculated from the following equations:

CR SARHTO bw
o= +v

m

0 111.
 (16)

CR FD
SAR

OBT bw
dm

w

o o

oh

= + +
− ⋅

v
I

I

m m

C
 (17)

where

CRHTO is the ratio of the activity concentration of 3H in the whole body to that 
ingested as HTO;

CROBT  is the ratio of whole body 3H activity concentration to that ingested as 
OBT;

vbw  is the body water fraction;
SAR  is the ratio of the specific activity of OBT in the animal product to the 

specific activity of HTO in the body water (Ref. [67] assumes a value 
of 0.25 for SAR based on the results from small, monogastric animals);

mo  is the mass of organically bound hydrogen content (kg/kg, fresh 
weight);

0.111  is the mass of hydrogen in water (kg/kg);
FD  is dry matter diet digestibility;
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Idm  is the total dry matter (dm) intake (kg/d);
Iw  is total water intake (including drinking water and water from food) 

(kg/d);

and Coh is the concentration of organic hydrogen in the animal’s diet (kg/kg dm)

2.2.2.2. Aquatic environments

Specific activity models for determining the 3H and 14C activity 
concentrations in the tissues of freshwater fish for human food chain assessments 
have been reported previously [6]. These models estimate whole organism 
activity concentrations in a range of freshwater wildlife with the provision of 
suitable input parameters. The 14C model assumes that the fish is in equilibrium 
with the specific activity of dissolved inorganic carbon (DIC):

14C = DIC CC S⋅  (18)

where

14C  is the 14C activity concentration in the whole organism (Bq/kg, fresh 
weight);

CDIC is the 14C concentration in DIC in the water column (Bq · kg · C–1);

and SC is the stable carbon concentration in the whole organism (kg C/kg, fresh 
weight).

One caveat is that modelling 14C in aquatic ecosystems is complicated 
by the presence of several carbon pools in different forms, including organic, 
inorganic, dissolved and particulate [6].

For HTO in freshwater ecosystems, there is an assumption that full 
equilibrium in specific activity concentrations will provide a good approximation 
for HTO in most compartments [6]. The HTO activity concentration in the whole 
organism (CHTO) can, therefore, be estimated as:

C W CHTO C W= ⋅  (19)

where 

WC  is the fractional water content of the organism (L/kg, fresh weight);

and CW is the HTO concentration in the water column (Bq/L).
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Where the organism is assumed to be exposed to a uniform concentration 
of HTO, then it is considered reasonable to assume that the concentration of OBT 
in the combustion water of the organism is the same as the concentration of HTO, 
apart from the need to account for isotopic fractionation [6]. This is achieved 
using a partition factor that takes account of the presence of exchangeable H in 
the combustion water and of isotopic effects arising both in the fish and in the 
different components of its food and water intakes. The OBT concentration in the 
organism, exposed to HTO, is given by:

C W R COBT C f wWEQ= − ⋅ ⋅ ⋅( )1  (20)

where 

WEQ is the water equivalent factor of the organism (kilogram of water 
produced per kilogram of dry weight combusted);

and Rf is the partition coefficient which accounts for isotopic fractionation.

However, this approach cannot be used when 3H does not originate from 
an HTO source term (i.e. when 3H enters the aquatic ecosystem as OBT). A more 
recent model includes an approach for considering OBT source terms [71].

3. COLLATION, TREATMENT AND 
EVALUATION OF DATA

3.1. THE WILDLIFE TRANSFER DATABASE

An on-line database6 has been established to facilitate the collection of 
data for this handbook. This provides a structured way to collate data on the 
transfer of radionuclides to wildlife from the scientific community. This was a 
joint development with the ICRP, so that the same database is used to provide 
CRwo-media values for their developing framework [19]; the ICRP has adopted 
‘hypothetical entities’, called RAPs, which refer to a specific set of conceptual 
and numerical models which can be used to estimate ionizing radiation exposures 
to living organisms from radionuclides. 

6 www.wildlifetransferdatabase.org.
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The database compiles data on organism-media concentration ratios 
(CRwo-media values) as this is the parameter most often used in the currently 
available assessment models. The data are reported as whole organism CRwo-media 
values for a range of wildlife groups which live in different ecosystems 
(see Section 3.2). The database does not include recommended values based on 
reviews from previous publications as these are not original data. 

The data compilations used within the ERICA project7 to parameterize the 
ERICA tool8 were used (following additional quality control) to initially populate 
the database [72, 73].

The on-line database is intended to be maintained in the future with periodic 
releases of revised CRwo-media tables which will provide a continuously improving 
source of CRwo-media information for conducting assessments and developing 
and/or maintaining assessment models. The frequency of the release of update 
tables has not been specified as it will depend on factors such as the extent of 
new data entries. A documented, referable publication procedure will be followed 
when updates are released.

3.2. STRUCTURE OF THE WILDLIFE TRANSFER DATABASE

The database collates data into three categories of information:

(a) Reference source information (e.g. authors, year, title, journal name).
(b) Study information such as the habitat or habitat subcategory (Table 1) 

and species name (common and Latin): Four generic ecosystem habitats 
are defined. In the database, these four generic ecosystem categories 
are terrestrial, freshwater, marine and estuarine. However, because the 
estuarine data used to compile the tables in Section 4 were comprised of 
two main sources, estuarine data from Japan and data for the Baltic Sea 
(which is a low salinity ecosystem), the term ‘brackish’ has been used in 
this handbook instead as it is more appropriate. The species is allocated 
to a broad wildlife group and to a subcategory of this group (Tables 2–4), 
and/or an ICRP RAP [20] category, if appropriate. The ICRP RAP category 
information is included to allow users to obtain up to date values for 
these organisms. Other information collected includes the life stage of the 

7 Environmental Risk from Ionizing Contaminants: Assessment and Management, 
EURATOM 6th Framework Programme project (https://wiki.ceh.ac.uk/display/rpemain/ERICA).

8 A tool implementing the ERICA tiered approach for radiological assessment of wildlife 
in freshwater, terrestrial and marine ecosystems developed by a EURATOM 6th Framework 
Programme consortium.
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organism, radionuclide or element, and general notes on the study design 
(e.g. soil type, sampling depth and sediment grain size). The database 
includes the elements relevant for all radioisotopes listed in Ref. [74]. For 
some wildlife groups listed in Tables 2–4, there are currently no data, so 
CRwo-media values are not reported in the tables in Section 4. Additionally, 
for some wildlife groups, only a few data values have been input into the 
database (e.g. fungi and ferns) and, thus, CRwo-media values have not been 
included in the CRwo-media tables. Summaries of these data are available in 
the on-line database.

(c) Media and wildlife radionuclide activity concentrations where the user 
also defines the media type (air, soil, sediment or water): If the wildlife 
or media radionuclide activity concentration is entered as a mean value, 
then the database entry template requests the number of data points N 
contributing to that mean and associated standard deviation. The media 
and wildlife radionuclide activity concentration values are used to calculate 
the concentration ratio. The mean value and the standard deviation of 
the wildlife and media activity concentration values are used to calculate 
the standard deviation of the calculated radionuclide concentration ratio 
(CRSD; see Eq. (21)). The CRSD and the wildlife N value are then used 
to weight the overall CRwo-media value when the data are summarized 
(see Section 3.3).

3.3. CALCULATION OF THE STANDARD DEVIATION 
OF THE CONCENTRATION RATIO

CRSD

CR
WildlifeSD

WildlifeActivityConcentrationwo-media

=

×









+










2 2
MediaSD

MediaActivityConcentration













 (21)

where 

WildlifeSD is the standard deviation of the mean wildlife radionuclide activity 
concentration;

and MediaSD is the standard deviation of the mean media radionuclide activity 
concentration.
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TABLE 1.  HABITATS AVAILABLE IN THE ON-LINE TRANSFER DATABASE 

Habitat Definition

Terrestrial Generic ecosystem including data from all terrestrial 
ecosystem types (with the exception of estuarine 
systems) 

Terrestrial: semi-natural grassland Includes: mountain and upland grasslands, heath and 
shrub lands, and some Arctic ecosystems 

Terrestrial: forest Land with tree crown cover of more than 10% over an 
area of more than 0.5 ha and with trees, which are able 
to reach a minimum in situ height of 5 m at maturity 

Terrestrial: agricultural grassland Managed grasslands 

Terrestrial: coastal sand dunes Coastal sand dunes (not to include marine organisms) 

Terrestrial: wetland Marsh, fen, peatland (not estuarine systems 
(e.g. saltmarshes)) 

Freshwater Generic ecosystem including data from all freshwater 
ecosystem types 

Freshwater: flowing Rivers and streams 

Freshwater: lake Lakes and other static water bodies 

Marine Generic ecosystem including data from all marine 
ecosystem types 

Marine: coastal Water within 3 km of the coast (not estuaries) 

Marine: open water Water more than 3 km from the coast 

Estuarine: water Generic ecosystem including aquatic systems such as 
estuaries and low salinity water bodies 

Estuarine: terrestriala ‘Terrestrial’ components of estuarine ecosystems 
(including saltmarshes and mud flats, but not coastal 
sand dunes) 

a Insufficient data were input into the database to present CRwo-media values for the terrestrial 
components of estuarine ecosystems, so no further details for this category are presented 
here. The wildlife groups included in the database for ‘estuarine (terrestrial)’ can be found 
under ‘estuarine ecosystems’ at http://www.wildlifetransferdatabase.org.
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TABLE 2.  WILDLIFE GROUPS LISTED IN THE ON-LINE TRANSFER 
DATABASE: TERRESTRIAL WILDLIFE GROUP LIST AND RELATIONSHIP 
TO INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 
(ICRP) REFERENCE ANIMALS AND PLANTS (cont.)

Broad group Available subcategories Potential appropriate ICRP 
reference animal and plant

Amphibians — Frog
Arachnids — —
Arthropods

Arthropods: carnivorous —
Arthropods: detritivorous —
Arthropods: herbivorous Bee

Birds Duck
Birds: carnivorous Duck
Birds: herbivorous Duck
Birds: omnivorous Duck

Annelids — Earthworm
Ferns — —
Fungi

Fungi: mycorrhizal —
Fungi: parasitic —

Fungi: saprophytic —
Grasses and herbs —

Grasses Wild grass
Herbsa —

Lichens and bryophytes — —
Mammals Rat or deer

Mammals: carnivorous Rat
Mammals: herbivorousb Rat or deer
Mammals: omnivorous Rat
Mammals: marsupialc —

Mammals: Rangifer spp. —
Molluscs — —

Molluscs: gastropod —
Reptiles —

Reptiles: carnivorous —
Reptiles: herbivorous —

Shrubs — —
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TABLE 2.  WILDLIFE GROUPS LISTED IN THE ON-LINE TRANSFER 
DATABASE: TERRESTRIAL WILDLIFE GROUP LIST AND RELATIONSHIP 
TO INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 
(ICRP) REFERENCE ANIMALS AND PLANTS (cont.)

Broad group Available subcategories Potential appropriate ICRP 
reference animal and plant

Trees —
Trees: coniferous Pine tree
Trees: broad-leaf —

a Herb refers to any non-woody plant which does not fall into one of the other categories.
b Does not include Rangifer spp. (reindeer and caribou); see text for justification. 
c All marsupials regardless of feeding strategy. 

TABLE 3.  WILDLIFE GROUPS LISTED IN THE ON-LINE TRANSFER 
DATABASE: FRESHWATER WILDLIFE GROUP LIST AND RELATIONSHIP 
TO INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 
(ICRP) REFERENCE ANIMALS AND PLANTS (cont.)

Broad group Available subcategories Potential appropriate ICRP
 reference animal and plant

Algae — —
Amphibians — Frog
Birds Duck

Birds: carnivorous Duck
Birds: herbivorous Duck
Birds: omnivorous Duck

Crustaceans — —
Fish —

Fish: benthic feedinga —
Fish: piscivorousb Salmonid

Fish: foragec —
Insects — —
Insect larvaed — —
Mammals —

Mammals: carnivorous —
Mammals: herbivorous —
Mammals: omnivorous —
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TABLE 3.  WILDLIFE GROUPS LISTED IN THE ON-LINE TRANSFER 
DATABASE: FRESHWATER WILDLIFE GROUP LIST AND RELATIONSHIP 
TO INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 
(ICRP) REFERENCE ANIMALS AND PLANTS (cont.)

Broad group Available subcategories Potential appropriate ICRP
 reference animal and plant

Molluscs —
Molluscs: bivalve —

Molluscs: gastropod —
Phytoplankton — —
Reptiles — —
Vascular plants — Wild grass
Zooplankton — —

a Fish feeding on benthic dwelling organisms. 
b Fish consuming smaller fish, amphibians and/or birds. 
c Fish feeding on primary producers and pelagic invertebrates and zooplankton.
d Insect larvae are included as the aquatic life phase is important for many species 

which are terrestrial as an adult.

TABLE 4.  WILDLIFE GROUPS LISTED IN THE ON-LINE TRANSFER 
DATABASE: MARINE AND BRACKISH (WATER) WILDLIFE GROUP 
LIST AND RELATIONSHIP TO INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION (ICRP) REFERENCE ANIMALS AND 
PLANTS (cont.)

Broad group Available subcategories Potential appropriate ICRP
 reference animal and plant

Annelidsa — —
Birds Duck

Birds: carnivorous Duck
Birds: herbivorous Duck
Birds: omnivorous Duck

Crustaceans —
Crustaceans: large Crab
Crustaceans: small —

Fish
Fish: benthic feedingb Flat fish

Fish: piscivorousc Salmonid
Fish: foraged —
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TABLE 4.  WILDLIFE GROUPS LISTED IN THE ON-LINE TRANSFER 
DATABASE: MARINE AND BRACKISH (WATER) WILDLIFE GROUP 
LIST AND RELATIONSHIP TO INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION (ICRP) REFERENCE ANIMALS AND 
PLANTS (cont.)

Broad group Available subcategories Potential appropriate ICRP
 reference animal and plant

Insects — —
Macroalgae — Brown seaweed
Mammals —

Mammals: carnivorous —
Mammals: herbivorous —

Mammals: planktivorous —
Molluscs —

Molluscs: bivalve —
Molluscs: cephalopode —
Molluscs: gastropod —

Phytoplankton — —
Reptiles — —
Sea anemones/true corals — —
Vascular plants — —
Zooplankton — —

a Referred to as ‘polychaete worm’ in the on-line database.
b Fish feeding on benthic dwelling organisms. 
c Fish consuming smaller fish, amphibians and/or birds. 
d Fish feeding on primary producers and pelagic invertebrates and zooplankton. 
e Squid, octopus, cuttlefish, etc.

If a measure of error is only available for either media or wildlife activity 
concentrations, this is carried through (proportionally) to give a standard 
deviation estimate for the calculated CRwo-media values.

The CRwo-media value generally refers to the whole organism. For some 
wildlife groups, further clarification is needed since some parts of the organism 
are not included. For aquatic ecosystems, the whole organism CRwo-media values 
for bivalve molluscs, large crustaceans and marine gastropods do not include 
shell to be consistent with commonly used dosimetry approaches. For vertebrate 
wildlife groups, whole organism CRwo-media values typically do not include 
the gastrointestinal tract contents, although there may be some exceptions 
such as when animals have been live monitored and in the case of small fish. 
Gastrointestinal tract contents tend to be removed as they will often contain 



26

comparatively high activity concentrations of unabsorbed elements. Similarly, pelt 
and feathers will typically not be included in the whole organism CRwo-media for 
mammals and birds, respectively, to remove external contamination. Vegetation 
CRwo-media values are typically based on only the above-ground parts of plants; to 
some extent, this is driven by the requirements of some of the existing dosimetric 
models which only consider above-ground plant parts [20, 35]. For some 
elements, roots contain a higher concentration of elements than above-ground 
plant parts [75, 76]. For instance, concentrations of uranium in the root have 
been reported to be much higher than in above-ground plant parts (with adherent 
external soil not explaining the difference) [77–79].

3.4. DATA ENTRY ISSUES

Where possible, weighted (with respect to sample numbers and reported 
standard deviations) mean CRwo-media values and standard deviations were 
estimated (and are presented in tables in Section 4). Ideally, media radionuclide 
activity concentrations for CRwo-water should be for filtered water and CRwo-soil 
should be for the 0–10 cm layer of soil. However, many of the source references 
of the data included in the CRwo-media tables do not conform to this specification, 
or do not present the relevant information.

In the derivation of the ERICA tool database, which was initially used 
to populate the on-line wildlife database [72, 73], some assumptions and 
compromises were used to address the lack of information in some source 
publications. These were:

(a) If information on replication was not given and no error term was reported 
in the source literature, a sample number of one was assumed;

(b) If a measure of error (e.g. standard deviation or standard error) was reported 
without a sample number, the sample number was assumed to be three;

(c) If a minimum and maximum were reported with no details of sample 
replication, a sample number of two was assumed. 

However, any references which did not give all of the required information 
were rejected for wildlife group–radionuclide combinations for which there were 
many reported values [72, 73]. Only assumption (a) was applied for additional 
data entered into the database thereafter.

In the ERICA tool database, data for Rangifer spp. (e.g. reindeer, caribou) 
were treated separately from other mammals (and were defined as a separate 
wildlife category). This is because the air–lichen–reindeer pathway has a 
particularly high transfer of some radionuclides (e.g. caesium, polonium, lead), 
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so the pathway is not representative of the uptake routes for most other terrestrial 
mammals [10]. 

Data collected during either the period of above-ground nuclear weapons 
testing fallout (assumed to be before 1970) or the year of the Chernobyl accident 
(1986) were not used to derive transfer parameter values for radionuclides of 
caesium, plutonium, strontium and americium to avoid effects such as the direct 
surface contamination of terrestrial vegetation.

Some CRwo-media values were derived using stable element data; in terrestrial 
ecosystems, these data were often associated with studies of heavy metal 
pollution, in which case only data from uncontaminated (control) sites were used.

Where a given dataset contains some measurements below detection limits, 
a value of 50% of the detection limit has been assumed if the number of values 
below the detection limit is less than 20% of the total number of measurements. 
The data have not been used where the number of undetectable measurements 
comprises a higher proportion of the overall dataset. 

In some cases, data were available for specific tissues rather than for the 
whole organism, or the radionuclide activity concentrations were given for ashed 
or dried weights instead of fresh weight. In these cases, correction factors were 
applied as described in Section 3.3.

A significant amount of laboratory data have been entered into the on-line 
database. However, to estimate the CRwo-media values, only field data were used 
because of concerns that equilibrium would not have been reached in laboratory 
studies and the values would not accurately reflect food chain transfer. An 
exception is the use of some algae (freshwater), zooplankton, phytoplankton 
and sea anemone/coral data. The latter data were incorporated on the basis that 
water is likely to be the source of contamination, rather than food chain transfer. 
For algae and phyto/zooplankton, equilibration between water and organism 
radionuclide activity concentrations is likely to be rapid. As a consequence, many 
laboratory derived CRwo-media data for such organisms are in good agreement with 
estimates made from in situ investigations [5]. 

Where possible, data used to derive CRwo-media values are for radionuclide 
activity concentrations in wildlife and media measured at the same sites. 
However, some CRwo-media values for marine organisms have been calculated 
using observed concentrations of stable elements in organisms and generic data 
on global concentrations in seawater from publications such as Ref. [80]. This is 
thought to be acceptable as the major element, and some of the minor element, 
concentrations in open seawaters are relatively constant [81] compared with 
soil or freshwater concentrations. Marine values derived by this approach are 
identified in the CRwo-water table for marine organisms.



28

3.5. DATA TRANSFORMATIONS

It was often necessary to transform data into the appropriate format for 
entry into the database. The most common transformations were applied to take 
account of the fact that: 

(a) Wildlife radionuclide activity concentrations were given on a dry weight or 
ash weight basis (when fresh weight CRwo-media values were required); 

(b) Data were available for specific tissues (i.e. not whole organism); 
(c) Soil radionuclide activity concentrations were given in becquerels 

per square metre. Where information was not given within the source 
publications, to enable manipulation of the data into the format required, 
a set of standard assumptions was followed. The conversion data used for 
the on-line database were based on those used for the ERICA tool and are 
given in Appendix I. Other sources of conversion factors which can be used 
for data presented on an ash or dry weight basis for terrestrial and aquatic 
ecosystems have been provided previously [6].

Many of the available radioecological data for wildlife groups originate 
from measurements made for human food chain assessments. These data are, 
therefore, for tissues consumed by humans (e.g. for animal muscle and milk). To 
utilize these data for the purposes of environmental assessment, tissue-specific 
data need to be converted into whole organism radionuclide activity 
concentrations. In some instances, this information is available from the source 
publications. Where this information is not available, Ref. [82] presents a series 
of look-up tables for a wide range of elements with conversion factors for tissue 
specific to whole organism concentrations for marine, freshwater and terrestrial 
animals (given in Appendix II). By multiplying the tissue specific radionuclide 
activity concentration by the conversion factor, an estimate of whole organism 
concentration is obtained. The compilation of conversion factors presented in 
Ref. [82] is considerably more comprehensive than those used in the derivation 
of the original ERICA tool database [72, 73]. The modified concentration ratio 
values in the ERICA tool which have been used here have not been recalculated 
to comply with the recent recommendations discussed in Ref. [82]. Following 
the recommendations in Ref. [82], where the conversion factors fall between 
0.75 and 1.5, the values are given as 1.0 in Appendix II. For vascular plants, 
bryophytes and lichens, all parts of the organism were assumed to have the same 
concentrations.
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Where the source publications for terrestrial wildlife groups lacked the 
required information to convert soil radionuclide activity concentrations from 
becquerel per square metre to becquerel per kilogram for a sampling depth of 
10 cm, a dry weight soil bulk density of 1400 kg/m3 was assumed [3]. Since bulk 
density varies with soil type, there will be an uncertainty associated with this 
assumption.

3.6. CALCULATION OF THE SUMMARY CONCENTRATION RATIOS

The individual CRwo-media values entered into the database have been used 
to calculate the weighted arithmetic mean (AM) (i.e. the mean for an individual 
study is given weight according to the number of observations in that study) 
and arithmetic mean standard deviation (AMSD) by ecosystem and wildlife 
groupings (see below), where:

AM

CR

=
∑n

N

i
i

i

 (22)

and ni is the number of observations in study i, CRi is the mean CRwo-media for that 
study and N is the total number of observations in all studies.

The associated combined standard deviation (AMSDcombined) accounting for 
within and between study variation is estimated as:
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where AMSDi is the AMSD for study i. Hence, the resultant AMSDcombined value 
is representative of variation over the whole dataset.
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From the calculated weighted arithmetic mean and AMSD, approximate 
estimates of the geometric mean (GM) and geometric mean standard deviation 
(GMSD) were calculated: 

GM
AMSD +AM

AM
= −
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2 2

4

 (24)
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The resultant arithmetic mean, standard deviation, geometric mean and 
GMSD values along with the number of data N and the range are given in the 
tables presented in Section 4; it should be noted that the range here reflects 
the variation in individual mean values rather than the overall minimum and 
maximum of observed values. Geometric mean values are not given where N < 3. 
The estimated geometric mean and GMSD are approximations as their derivation 
using the above equations is dependent on the distribution of the underlying data.

Prior to the production of the tables presented in Section 4, the data were 
quality controlled to identify outlying values attributable to species within 
wildlife groups with especially high or low CRwo-media values. This resulted in 
the removal of some data for the transfer of selenium and uranium to terrestrial 
vegetation wildlife groups (summary CRwo-media values including these data are 
presented in the footnotes to Table 5 for comparison). 

4. CONCENTRATION RATIO VALUES FOR WILDLIFE

4.1. CONCENTRATION RATIO TABLES FOR 
DIFFERENT ENVIRONMENTS

Concentration ratio values are provided for terrestrial ecosystems (CRwo-soil) 
in Table 5, for freshwater ecosystems (CRwo-water) in Table 6, for marine 
ecosystems (CRwo-water) in Table 7 and for brackish ecosystems (CRwo-water) in 
Table 8. 
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Source publications for the data within the concentration ratio tables are 
identified by their on-line identification (ID) number; the full reference for 
each ID number is provided in the Annex. Where possible, CRwo-media values 
are presented by wildlife subcategory. Subcategories were not considered for 
inclusion if the number of data were <10. If the number of data were in the range 
of 10–20, but originated from only one or two source references, the data were 
evaluated and some subcategory values were excluded from the summary tables 
if they represented a small proportion (typically <10%) of the overall dataset. 
Subcategories were not considered in brackish ecosystems because the data for 
brackish species originate from only two areas (Japanese estuaries or the Baltic 
Sea) and few references give subcategories. 

The summary information for major wildlife groups presented in the tables 
contains data for all subcategories, with the exception of data for mammals; 
Rangifer spp. are not included in the values for mammals or mammals: 
herbivorous. Consideration was given to separating the reptile data into a 
subcategory of turtles, tortoises and terrapins (i.e. species with shells) and other 
species (predominantly lizards and snakes) because bone seeking elements will 
probably have higher CRwo-media values in shelled species. However, for terrestrial 
species, there were only two data entries for tortoises (one each for caesium 
and strontium); tortoises are herbivores. Thus, the data for carnivorous species 
in Table 5 are for snakes and lizards only. Although there were more data for 
freshwater turtles, they were insufficient to justify presenting separate values for 
the reptile groups. Reference [83] reports the same data as those included in the 
database used here, but subdivided for different orders of reptiles.

For some summary CRwo-media values where N > 1, no summary statistics 
are provided other than the arithmetic mean. This is where data are derived 
from a single source which only presents arithmetic mean and N values. 
The ‘minimum’ values presented in Tables 5–8 are, in a number of instances, 
higher than the estimated geometric mean. This is because the geometric mean 
derivation utilizes the overall AMSD value (see Eq. (24)) and, as noted above, the 
dataset contains a mixture of individual values and mean values with associated 
standard deviations. Hence, the minimum is not necessarily the true minimum 
of the constituent datasets. For instance, the dataset for iodine CRwo-water values 
for freshwater molluscs (see Table 6) is comprised of two data entries: (i) a mean 
and standard deviation of 80 ± 27 derived from six measurements and (ii) an 
individual entry of 102. Consequently, while the minimum value in Table 6 is 80, 
application of Eq. (24) results in a geometric mean estimate of 79.
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4.2. APPLICATION OF THE CRwo-media VALUES

The CRwo-media values can be used to calculate the whole organism 
radionuclide activity concentration of wildlife in environmental risk assessments 
in three ways depending on the requirements of the assessment:

(a) Generic average value using either the geometric mean or arithmetic mean;
(b) Conservative estimate using either the maximum value or the standard 

deviation to derive an upper percentile (e.g. 95th percentile);
(c) Probabilistic assessment using the mean and associated standard deviation. 

The use of the generic average CRwo-media value does not account for 
uncertainties in the estimation of radionuclide activity concentrations in the 
whole organism in contrast to both the conservative and probabilistic approaches. 
The conservative approach, often used within screening assessments [84], aims 
to provide an upper estimate of radionuclide activity concentration and should 
be an overestimate for a population. In some approaches [24, 35], a conservative 
CRwo-media value may be applied together with other conservative assumptions 
(e.g. of media radionuclide activity concentration, exposure pathway). The 
maximum (and minimum) values presented in the CRwo-media tables are often the 
maximum mean value from any individual study entered into the database and 
not the maximum individual measurement. Consequently, if the user were to 
estimate, for example, a 95th percentile from the arithmetic mean and standard 
deviation values presented here, the resultant estimated 95th percentile value 
may be greater than the maximum value that appears in Tables 5–8.

To estimate the uncertainty within the end-points of an exposure assessment, 
the uncertainties in the inputs and parameters must be propagated through the 
model, often using a probabilistic approach such as Monte Carlo analysis [85]. In 
the Monte Carlo method, point estimates in a model equation are replaced with 
probability distributions, samples are taken from each distribution, and the results 
aggregated, usually in the form of a probability density function or cumulative 
distribution. For much radioecological data, including the CRwo-media values 
presented here, the most appropriate probability density function is log-normal. 
Where the number of data used to derive a CRwo-media value is low, then the 
assumption of a log-normal probability density function may be inappropriate 
and other distributions, such as exponential, might be more relevant. The 
most defensible approach to selecting distributions is one in which all 
available information (subjective and objective) is examined [86]. In undertaking 
such evaluations, it is necessary to consider whether there are sufficient data to 
conduct a probabilistic analysis or more data should be obtained. A sensitivity 
analysis may help to determine whether additional data are needed.
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Suitable radionuclide activity concentrations in media are required when 
applying the CRwo-media values to estimate those in the whole body of organisms. 
Deriving such suitable media concentrations for use within an assessment 
requires consideration of spatial and temporal averaging which will depend on 
the aims of the assessment. For conservative assessments, the maximum activity 
concentrations of a radionuclide in media close to the facility or habitat of the 
wildlife group (or species) under assessment may be used. For more realistic 
assessments, the area over which radionuclide activity concentrations in media 
are averaged should reflect the home range of the wildlife group (or species) 
considered. Similarly, it may be reasonable to assume that an organism is present 
in a contaminated area for 100% of its time in a conservative assessment, 
whereas in a more realistic assessment the length of time the organism is likely 
to be present in the contaminated area (occupancy) will be taken into account. 
Appropriate temporal averaging of radionuclide activity concentrations in 
media may be required when considering facilities making pulsed discharges. 
Estimation (and applications) of CRwo-media values for migratory species 
(e.g. some species of birds or salmonids) is particularly difficult because whole 
organism concentrations may not reflect media concentrations in the area in 
which the animals were sampled. The lack of equilibrium between concentrations 
in the whole organism and the surrounding media will depend on the biological 
half-life and the duration of occupancy. It is, therefore, necessary to use caution 
when applying CRwo-media values to migratory species. As the values presented 
in Section 4 are intended to reflect equilibrium conditions, their application to 
migratory species is likely to be conservative. 

The CRwo-media values presented in this handbook are intended for 
application when site specific data are not available. However, site specific data 
based on few measurements may not provide a better estimate of radionuclide 
activity concentrations in the whole organism than that provided by a generic 
CRwo-media value as provided in the tables below (see Ref. [87] for a discussion). 
It will be necessary to take this issue into account when deciding upon inputs 
to assessments. However, where site specific data are available, it is useful to 
compare them with estimates using the CRwo-media values presented here. The 
effort used in assessments should be commensurate with the risks and some 
assessments may require a better site specific understanding and prediction of 
radionuclide transfer [23]. 

4.3. LIMITATIONS OF THE EXISTING DATABASE

The data included for many organisms were predominantly from Europe, 
Japan, North America and Australasia, and originate in temperate or arctic 
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ecosystems. This is because the need for radioecological information has been 
linked to nuclear power industries (as well as other nuclear facilities) which tend 
to be focused in Europe, Japan and North America. Little analysis is available of 
the applicability of transfer values from these regions to other areas of the world. 
It is, therefore, not possible to comment on whether the CRwo-media values are 
appropriate for wildlife groups and ecosystems in other areas of the world. 

There are many data for the transfer of some radionuclides (e.g. caesium 
and strontium isotopes) and few, if any, for others (e.g. technetium). The 
considerable variation in availability of data needs to be borne in mind when 
applying the CRwo-media values in assessments. Some of the CRwo-media values are 
based on few data (345 of 946 CRwo-media values for the generic wildlife groups 
are derived from three or fewer observations). Such low replication may not 
provide a reliable estimate and will not reflect likely variations. It is, therefore, 
necessary to use caution when applying such values in assessments. While all of 
the available data have been quality controlled, such values need to be judged 
against more numerous data for biogeochemically similar elements or similar 
organism types. It may be helpful to consider the use of alternative approaches 
to provide CRwo-media values, discussed in Section 5, rather than the CRwo-media 
value in the table in these instances. An example where such a decision may be 
taken is the curium CRwo-water value for freshwater fish which originates from a 
single study and is 3–4 orders of magnitude lower than those for americium and 
plutonium which are based on larger datasets. Furthermore, the source study for 
the value also reports some of the lowest americium and plutonium CRwo-media 
values although they are not outliers.

Bayesian inference provides a mechanism for using prior knowledge to 
improve statistical parameters in cases where limited observational data are 
available. For example, the methods outlined in Section 5 (on filling knowledge 
gaps) have the potential to provide suitable CRwo-media values and probability 
distribution functions, which can subsequently be refined using Bayesian 
updating [88, 89] when empirical data for a specific CRwo-media become available. 

Many of the CRwo-media values are derived from stable element data. This will 
result in a conservative estimate for radionuclides with short physical half-lives 
(e.g. isotopes of phosphorus), especially if an element has a comparatively long 
biological half-life. The uptake of some of the elements included within the 
tables will be subject to homeostatic control (e.g. calcium, phosphorus, sodium 
and magnesium are major essential elements). Nevertheless, the derived values 
for such elements are likely to be a reasonable estimate of those relevant for the 
organism when based upon comparatively large datasets from a range of sources. 
However, mean values are unlikely to be representative of areas with especially 
low or high bioavailable concentrations of these elements.
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The source of the data, e.g. specific sampling areas or certain species, 
influences some wildlife CRwo-media values. For example, the large amount of data 
from post-Chernobyl studies for radiocaesium is probably dominated by data from 
areas with a comparatively high transfer to wildlife. Similarly, data from Canada 
dominates in some cases, for example: (i) the freshwater database for a number 
of radionuclide–organism combinations; and (ii) the data for natural radionuclide 
transfer to shrubs (which are largely for two species). The CRwo-water values for 
technetium transfer to marine crustaceans are dominated by data for European 
lobster (Homarus gammarus) and Norwegian lobster (Nephrops norvegicus) 
which accumulate relatively high activity concentrations of technetium compared 
with other crustaceans such as the edible crab (Cancer pagarus) [90]. All brackish 
ecosystem data are from Japanese estuaries or the Baltic Sea.

Almost all of the CRwo-media values presented here are for the adult life 
stages. Many organisms have different characteristics at different stages in their 
life cycle, including environment and feeding habits (e.g. amphibians, some 
flying insects which have aquatic larvae). While the ICRP [20] has identified life 
stages for their RAPs, there are few relevant data [8] and the ICRP compilation 
of transfer values does not provide CRwo-media values for life stages other than the 
adult.

The CRwo-media values for plants refer only to the part of the plant that is 
above ground because a number of assessment approaches currently only 
consider dose rates to that part of the plant. For radionuclides which accumulate 
in roots, such as uranium, the CRwo-media values presented here will underestimate 
the total internal dose rate. For certain assessments, it may be necessary to decide 
whether the root content of radionuclides needs to be considered separately and 
whether the lack of a dosimetric approach for roots in some models is likely to 
lead to significant errors in estimating dose (e.g. for elements with a low root to 
shoot transfer or for subsoil source terms [91]). 

The CRwo-media values are based on the whole organism but excluding gut 
contents and parts of organisms which are likely to be contaminated by soil 
and sediment. However, when considering food chain modelling, these parts of 
organisms may be ingested by predators. Thus, if CRwo-media values are used for 
food chain modelling, they may underestimate the extent of transfer to higher 
trophic levels for some radionuclides. For instance, a study shows that >95% of the 
plutonium found in the whole body of rodents was in the pelt and gastrointestinal 
tract [92]. Similarly, a modelling study concluded that the cadmium intake of 
predators could be underestimated by up to a factor of ten if the gastrointestinal 
tract contents of wood mice (Apodemus sylvaticus) were neglected [93]. 
Conversely, in some circumstances, the CRwo-media values presented here would 
overestimate transfer. For instance, the majority of 90Sr is located in the bones of 
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vertebrates which are not generally consumed by predators, so applying whole 
organism CRwo-media values for the prey species would overestimate 90Sr intake.

A number of limitations in the availability of CRwo-media values are discussed 
here. However, before defining future research requirements, it is important to 
critically determine whether current models are fit for the purposes to which they 
are being applied. This should include an evaluation of which radionuclides need 
to be assessed in different scenarios and their probable relative importance in 
contributing to total internal exposure of different wildlife groups. 

5. APPROACHES FOR FILLING DATA GAPS

A large number of transfer parameter values for radionuclide–wildlife group 
combinations are required to enable assessments to be made of the radiation 
exposure of wildlife. Even when concentration ratio values for radionuclides are 
collated at the level of broad wildlife group, as presented in this handbook, there 
are many radionuclide–wildlife group combinations with no reported CRwo-media 
values. Thus, this handbook does not contain all of the CRwo-media values which may 
be required in generic assessments. 

If the relevant data are not available in the CRwo-media tables, the first response 
would be to consider whether appropriate sampling is necessary to provide the 
required CRwo-media values (or site specific whole organism radionuclide activity 
concentrations). Before carrying out environmental sampling programmes to fill 
these data gaps, it is important to consider which radionuclides contribute most 
to the overall dose and to focus data gathering efforts accordingly. Such data 
collection also needs to take account of the ethical justification for sampling of 
each wildlife group. If such data are collected, it is recommended that the values 
be entered into the on-line Wildlife Transfer Parameter Database9 to increase the 
overall available data underpinning the CRwo-media values in the future.

Existing models use a number of approaches to overcome the lack of CRwo-media 
values [24, 27, 66, 72, 73, 94]. Approaches considered to be the most appropriate 
for deriving missing CRwo-media values are described below. They are not presented 
in order of preference as the availability of data on which to base decisions will 
differ. If more than one option is available, it is often useful to compare the 
resultant values. The choice of approach may be dependent on the purpose of 
the assessment, any assumptions used and whether the derived CRwo-media values 

9 http://www.wildlifetransferdatabase.org.
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are likely to be conservative or realistic. Most of the techniques outlined in this 
section are already being used in assessments [27, 72, 73, 95]. However, this 
does not necessarily mean that their validity has been rigorously tested; rather, 
it reflects the need for a pragmatic approach to provide a value in assessments 
when there are no directly relevant data available. 

5.1. SURROGATE ORGANISMS

When a CRwo-media value is missing, a surrogate value for a similar organism, 
defined by factors such as taxonomy, physiology and trophic level may be used 
[27, 72, 73]. For example, suitable surrogates include: 

 — Macroalgae CRwo-media value for a marine vascular plant;
 — Piscivorous fish CRwo-media value for a benthic feeding fish; 
 — Detritivorous arthropod CRwo-media value for an arachnid;
 — Mammalian CRwo-media value for a bird.

The approach is supported by the study presented in Ref. [96] which 
demonstrated that data for leafy vegetables could be used as a surrogate for 
tree leaves. Furthermore, data given in Ref. [6] show that, in many instances, 
CRwo-soil values for crops are broadly similar to those for grass. The available data 
presented in Section 4 also enable a partial evaluation of the extent of agreement 
between CRwo-media values for similar wildlife groups.

5.2. PHYLOGENETIC RELATIONSHIPS

Differences in CRwo-media values between species can be related to their 
evolutionary history, or phylogeny, for vascular plants and marine organisms 
[97, 98]. However, this approach is data intensive. Reference [97] presents an 
analysis for caesium, strontium, cobalt, chlorine and ruthenium transfer to 
plants, and describes how the approach is applied. Reference [99] demonstrates 
that variation in the accumulation of radiologically relevant metals (Ni, Pb, Zn, 
Cd, Cr and Cu) could be explained by taxonomic classification at the level of 
order. In aquatic systems, Ref. [98] demonstrates that the rates of uptake of 
nine radionuclides from water differed between chondrichthyans and species 
of pleuronectiform and perciform teleosts; it also describes a methodology to 
investigate such phylogenetic questions. 

Where detailed analyses are not available, the rationale behind the approach 
can also be used to identify the most suitable surrogate organisms by selecting 
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the most closely related organism for which data exist from a phylogenetic tree. 
Examples of phylogenetic trees are available on-line10.

For detailed site specific assessments, the approach may also be useful to 
identify CRwo-media values for specific species which are protected and cannot be 
sampled.

5.3. BIOGEOCHEMICAL ANALOGUES AND IONIC POTENTIAL

Biogeochemical analogues are elements which are assumed to have the 
same general behaviour under similar environmental/biological conditions 
(simple examples include caesium and potassium ions in water systems). The 
similarity can be used to identify CRwo-media values for missing data. For instance, 
if a curium CRwo-media value for a given organism is missing, available CRwo-media 
values for plutonium and americium for that organism might provide a reasonable 
substitute. As for the surrogate organism approach, the feasibility of this option 
can be partially evaluated using the available data presented in Section 4. It may 
be appropriate to combine the surrogate organism and biogeochemical analogue 
approaches, for instance, using the CRwo-soil value for plutonium in mammals to 
predict transfer of americium to birds.

While such approaches have been used to provide surrogate values for 
application in both human and wildlife assessments, Refs [5, 72, 73, 76] suggest 
that ionic potential may better predict environmental mobility and root uptake 
than simple placement within the periodic table. Ionic potential is calculated as 
the ratio of ionic charge to ionic radius; data presented in Refs [76, 100] show an 
exponential decrease in plant CRwo-soil with decreasing ionic potential. 

5.4. ALLOMETRY

The dependence of a biological variable Y on a body mass M has 
been typically characterized by allometric equations of the form Y = aM b. 
Radioecological transfer parameters for terrestrial and marine animals for 
a limited number of radionuclides have been shown to fit such allometric 
relationships [15, 94, 95, 101, 102]. Application of these relationships requires 
suitable dietary intake values, often also derived allometrically [103]. 

10 http://tolweb.org.  
 http://www.treebase.org.  
 http://www.mobot.org/mobot/research/apweb/welcome.html.
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Combining radioecological allometric expressions with those for dietary 
intake, Ref. [94] proposes that for many radionuclides the concentration ratio 
of whole organism radionuclide activity concentration to dietary radionuclide 
activity concentration would be a constant for different species. This assumption 
can be used to estimate whole organism to dietary concentration ratios where it is 
not possible to derive allometric relationships. However, the assumption does not 
appear to be valid, based on currently available data, for the actinide elements.

Some biological traits for plants can be described by allometric functions 
[104, 105]. However, Ref. [76] reports that evidence to support the concept of 
using allometric scaling functions to estimate radionuclide activity concentrations 
in plants was inconclusive. This is consistent with what is observed in Ref. [96]. 

5.5. DATA FROM A DIFFERENT ECOSYSTEM

If data are lacking for an organism–radionuclide combination in a given 
ecosystem, then available CRwo-media values from a similar ecosystem could be 
applied [73]. The approach is likely to be only applicable to provide CRwo-media 
values for aquatic brackish environments by assuming values from the marine 
environment and vice versa. 

Examination of the marine and brackish datasets (Tables 7 and 8) suggests 
that the approach has some validity. Taking the example of large crustaceans 
(to remove some of the variance that may have been introduced by considering a 
broader wildlife grouping), the difference between CRwo-water values for brackish 
and marine ecosystems is <5 for cadmium, cobalt, lead, manganese and strontium 
(where data are available for both ecosystems). The difference varies from 
similar values for cobalt (marine CRwo-water to estuarine CRwo-water ratio = 1.6) to 
greater variation for CRwo-water for lead (marine CRwo-water to estuarine CRwo-water 
ratio = 4.9). Testing for the statistical significance of the difference between the 
datasets is not informative because these datasets are consistently small (n ≤ 5). 
Furthermore, the data for the brackish environment considered above are derived 
primarily from environments with relatively high salinity, characteristic of coastal 
marine environments. For less saline water bodies, the use of CRwo-media values as 
surrogates for the marine environment may be less appropriate. 

5.6. USE OF PUBLISHED REVIEWS

There are reviews available of elemental media and wildlife concentrations 
[80, 106, 107] which often present data as typical concentrations in various 
organism tissues and in environmental media. While these have not been 
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compiled to produce CRwo-media values, it is possible to use them for this purpose. 
However, the data for environmental media and wildlife may not be from the 
same geographical locations, which adds to the uncertainties associated with 
applying these data. 

Previous compilations of wildlife radionuclide CRwo-media values [27, 72, 73] 
present complete sets of CRwo-media values for all of the radionuclide–organism 
combinations considered. However, many of these data were derived by methods 
such as those described here, using more limited underlying databases. This 
handbook, therefore, supersedes these previous reviews. 

There are a large number of reviews in Russian (>400) with relevant 
information for the handbook. These publications were reviewed to provide 
CRwo-water values for terrestrial, freshwater and marine species [56, 58]. None of 
these studies were previously available in English. For freshwater and marine 
ecosystems, these CRwo-water values have been compared with those derived in 
international reviews [56, 58].
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Appendix I 
 

CONVERSION FACTORS FOR 
ASH OR DRY WEIGHT TO FRESH WEIGHT

The conversion factors for ash or dry weight to fresh weight used for the 
on-line database when required are listed in Tables 9 and 10. The data were 
derived from ERICA [108]; other useful values can be found in Ref. [6]. 

TABLE 9.  ASSUMED ASH OR DRY WEIGHT TO FRESH WEIGHT 
CONVERSION FACTORS (EXPRESSED AS ASH OR DRY WEIGHT AS A 
FRACTION OF FRESH WEIGHT) (adapted from Ref. [72])

Organism Dry weight fraction Ash weight fraction

Lichens 0.36 0.07

Grasses and herbs 0.25 —

Shrubs (wood) 0.5 0.013

Shrubs (other parts) 0.1 0.003

Trees (wood) 0.5 0.013

Trees (other parts) 0.1 0.003

Small mammals (whole organism) 0.3 —

Mammals (bone) 0.8 0.5

Mammals (muscle) 0.25 —

Amphibians (whole organism) 0.21 —

Birds (whole organism) 0.3 —

Terrestrial arthropods 0.25 0.024

Annelids 0.17 —

Gastropods 0.2 —
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TABLE 10.  ASSUMED DRY WEIGHT TO FRESH WEIGHT CONVERSION 
FACTORS (EXPRESSED DRY WEIGHT AS A FRACTION OF FRESH 
WEIGHT) FOR AQUATIC ORGANISMS (adapted from Ref. [73])

Organism Dry weight fraction

Marine
All organismsa 0.18

Freshwater
Phytoplankton
Vascular plants
Bivalve molluscs, crustaceans, insect larvae
Amphibians (whole organism)
Fishb 

0.2
0.25
0.25
0.21
0.18

a Assumed ash weight fraction is 0.01. 
b Value assumed for fish in this work; conversion was not required in Ref. [73].
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Appendix II 
 

CONVERSION FACTORS FOR TISSUE TO WHOLE ORGANISM

Appendix II provides all of the values reported in Ref. [82] (Tables 11–16), 
not all of which were used in the data conversion carried out to derive the 
CRwo-media values in Section 4. Some of the values given are based on a low 
number of observations (see Ref. [82] for more details). 

TABLE 11.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR BIRDS

Element Tissue Ratio

Br Liver 1.0E+0

Ce Liver 3.3E–1

Co Liver 7.3E–1

Cr Liver 2.7E–1

Cs Liver 1.0E+0

Eu Liver 7.4E–1

Fe Liver 2.7E–1

Mn Liver 1.9E–1

Rb Liver 1.0E+0

Sc Liver 3.8E+0

Se Liver 1.0E+0

Zn Liver 1.0E+0
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TABLE 12.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR MARINE CRUSTACEANS 
(EXCLUDING EXOSKELETON) (cont.)

Element
Ratio

Crustaceans (large) Crustaceans (small)

Ca 2.5E+0 1.0E+1

Cd 6.3E+0 1.5E+1

Ce 4.6E+0 1.3E+1

Co 5.5E+0 8.0E+0

Cr 8.1E+0 —

Cu 3.3E+0 3.5E+0

Dy 4.5E+0 1.5E+1

Er 4.7E+0 9.7E+0

Eu 4.1E+0 1.2E+1

Fe 5.7E+0 2.6E+1

Gd 4.4E+0 1.0E+1

Ho — 2.9E+1

La 3.5E+0 1.9E+1

Mg 1.0E+0 1.0E+0

Mn 3.2E+0 1.4E+1

Mo 3.3E+0 5.3E+0

Na 1.0E+0 1.0E+0

Nd 3.8E+0 2.4E+1

Ni 1.0E+0 1.2E+1
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TABLE 12.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR MARINE CRUSTACEANS 
(EXCLUDING EXOSKELETON) (cont.)

Element
Ratio

Crustaceans (large) Crustaceans (small)

Pb 4.4E+0 6.0E+0

Po 3.5E+0 —

Pr 4.3E+0 2.3E+1

Rb 1.0E+0 1.0E+0

Sm 3.8E+0 1.1E+1

Sr 2.5E+0 9.3E+0

Tb — 1.5E+1

Tm — 2.4E+1

U — 1.7E+1

V 5.2E+0 2.1E+1

Y 4.2E+0 1.0E+1

Yb 2.9E+0 5.8E+1

TABLE 13.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR MAMMALS (cont.)

Element Tissue Ratio

Ag Muscle
Liver

Kidney
Bone

1.2E+2
1.3E–2
1.5E+1
3.3E+3
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TABLE 13.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR MAMMALS (cont.)

Element Tissue Ratio

Am Muscle
Kidney
Bone

1.3E+1
4.1E–2
8.3E–2

Ca Muscle
Liver

Kidney
Bone

1.0E+0
1.0E+0
6.2E–1
7.3E–1

Cd Muscle
Liver

Kidney
Bone

1.0E+0
1.6E–1
9.3E–2
5.2E–1

Ce Muscle
Liver

Kidney
Bone

3.4E+1
2.9E–1
1.0E+0
7.6E–2

Cr Muscle
Liver

Kidney
Bone

1.0E+0
2.0E+0
1.8E+0
1.0E+0

Cs Muscle
Liver

Kidney
Bone

1.0E+0
1.0E+0

—
1.8E+0

Cu Muscle
Liver

Kidney
Bone

1.0E+0
5.8E–1
6.8E–1
1.7E+0

F Liver
Kidney
Bone

4.5E+0
3.7E+0
1.5E–1

Mn Liver
Kidney
Bone

3.2E–1
5.7E–1
1.0E+0
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TABLE 13.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR MAMMALS (cont.)

Element Tissue Ratio

Pb Muscle
Liver

Kidney
Bone

1.0E+0
1.0E+0
1.0E+0
1.6E–1

Po Muscle
Liver

Kidney
Bone

2.0E+0
9.6E–2
1.1E–1
1.8E–1

Pu Muscle
Liver

Kidney
Bone

5.3E+0
2.4E–1
1.0E+0
2.5E–1

Ra Muscle
Liver

Kidney

3.8E+1
1.6E+1
7.3E+0

Ru Muscle
Liver

Kidney
Bone

1.1E+0
1.2E–1
4.1E–2
6.4E+0

Se Muscle
Liver

Kidney
Bone

1.0E+0
1.8E–1
1.4E–1
1.0E+0

U Muscle
Liver

Kidney
Bone

4.7E+0
4.2E+0
1.0E+0
1.3E–1

Zn Muscle
Liver

Kidney
Bone

1.8E+0
1.0E+0
1.0E+0
2.8E–1
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TABLE 14.  CONVERSION FACTORS FOR TISSUE TO WHOLE ORGANISM 
CONCENTRATIONS FOR MARINE MOLLUSCS (EXCLUDING SHELL)

Element
Ratio

Element
Ratio

Bivalves Gastropods Bivalves Gastropods

Ca 3.9E+0 1.7E+0 Na 1.7E+0 1.0E+0

Cd 1.4E+1 4.8E+1 Nd 2.7E+0 2.6E+0

Ce 2.7E+0 3.6E+0 Ni 2.3E+0 3.9E+0

Co 3.5E+0 1.0E+1 Pb 3.3E+0 1.3E+1

Cu — 6.5E+0 Po 2.9E+0 3.2E+0

Dy 2.7E+0 2.3E+0 Pr 2.5E+0 2.7E+0

Er 2.7E+0 8.0E+0 Pu 1.8E+0 5.2E+0

Eu 2.8E+0 1.9E+0 Rb 1.0E+0 1.0E+0

Fe 5.9E+0 1.9E+1 Sm 2.8E+0 2.6E+0

Gd 2.5E+0 2.4E+0 Sr 3.6E+0 2.2E+0

Ho 2.2E+0 2.8E+0 Tb 2.3E+0 2.1E+0

K 1.0E+0 1.0E+0 Tm 2.2E+0 1.0E+0

La 2.1E+0 2.4E+0 U 4.2E+0 3.9E+0

Lu 2.3E+0 1.0E+0 V 1.1E+1 4.0E+0

Mg 1.0E+0 1.0E+0 Y 5.2E+0 3.4E+0

Mn 2.7E+0 3.7E+0 Yb 3.2E+0 2.1E+0

Mo 5.0E+0 3.8E+0
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Ag Bone 5.9E–1 — —

Ag Kidney 1.0E+0 — —

Ag Liver 3.4E–1 — —

Ag Muscle 1.0E+0 — —

Al Bone 2.4E–1 — —

Al Kidney 2.9E–1 — —

Al Liver 5.6E–1 — —

Al Muscle 2.0E+0 — —

As Bone 1.0E+0 — —

As Kidney 1.0E+0 — —

As Liver 1.0E+0 — —

As Muscle 1.0E+0 — —

B Bone 5.3E–1 — —

B Kidney 5.3E–1 — —

B Liver 1.0E+0 — —

B Muscle 1.0E+0 — —

Ba Bone 1.5E–1 — 4.4E–2

Ba Kidney 1.8E+0 — 5.0E–1

Ba Liver 6.7E+0 — 3.9E–1

Ba Muscle 5.6E+0 — 2.4E+0
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Be Bone 5.6E–1 — —

Be Kidney 1.0E+0 — —

Be Liver 1.0E+0 — —

Be Muscle 1.0E+0 — —

Ca Bone 1.4E–1 — 2.1E–2

Ca Kidney 1.9E+1 — 2.1E+1

Ca Liver 8.3E+1 — 1.4E+1

Ca Muscle 4.2E+1 — 1.4E+1

Cd Bone 5.3E–1 3.1E–1 —

Cd Kidney 2.3E–1 — —

Cd Liver 5.6E–1 1.0E+0 —

Cd Muscle 1.0E+0 3.0E+0 —

Ce Bone 2.6E–1 2.9E+0 6.9E–1

Ce Kidney 1.5E–1 — 2.4E–1

Ce Liver 5.3E–1 — 4.6E–2

Ce Muscle 2.0E+0 — 3.3E+0

Co Bone 4.2E–1 6.7E–1 7.1E–1

Co Kidney 2.6E–1 — —

Co Liver 1.0E+0 1.8E–1 1.0E+0

Co Muscle 1.0E+0 1.8E+0 1.0E+0
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Cr Bone 2.1E–1 3.7E–1 2.7E–1

Cr Kidney 6.3E–1 — —

Cr Liver 1.0E+0 3.7E–1 7.1E–1

Cr Muscle 2.3E+0 1.0E+0 1.0E+0

Cs Bone 5.6E–1 1.0E+0 1.0E+0

Cs Kidney 1.7E+0 — 1.0E+0

Cs Liver 2.6E+0 2.8E+0 2.0E+0

Cs Muscle 1.0E+0 1.0E+0 1.0E+0

Cu Bone 1.0E+0 5.6E–1 1.0E+0

Cu Kidney 1.3E–1 — 5.1E–1

Cu Liver 3.8E–2 1.0E+0 1.1E–1

Cu Muscle 1.8E+0 1.0E+0 2.4E+0

Dy Bone — — —

Dy Kidney 5.3E–3 — —

Dy Liver — — —

Dy Muscle — — —

Eu Bone 2.2E–1 — —

Eu Kidney 1.0E+0 — —

Eu Liver 1.0E+0 — —

Eu Muscle 2.3E+0 — —
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Fe Bone 1.0E+0 5.6E–1 1.0E+0

Fe Kidney 5.3E–2 — 6.9E–2

Fe Liver 3.2E–2 2.0E–1 5.3E–2

Fe Muscle 2.7E+0 1.0E+0 3.2E+0

Hg Bone 1.8E+0 — —

Hg Kidney 1.0E+0 — —

Hg Liver 1.0E+0 2.0E+1 —

Hg Muscle 1.0E+0 6.3E–1 —

I Bone 1.0E+0 — —

I Kidney — — —

I Liver — — —

I Muscle 1.0E+0 — —

La Bone 2.9E–1 — —

La Kidney 1.9E–1 — —

La Liver 4.3E–1 — —

La Muscle 1.9E+0 — —

Mg Bone 2.9E–1 — 2.1E–1

Mg Kidney 2.6E+0 — 1.0E+0

Mg Liver 2.1E+0 — 1.0E+0

Mg Muscle 1.6E+0 — 1.0E+0
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Mn Bone 1.4E–1 6.7E–1 2.9E–2

Mn Kidney 1.7E+0 — 1.0E+0

Mn Liver 1.0E+0 — 3.1E+0

Mn Muscle 1.0E+1 — 3.5E+0

Mo Bone 4.5E–1 — —

Mo Kidney 1.0E–1 1.0E+0 —

Mo Liver 1.6E–1 1.0E+0 —

Mo Muscle 1.0E+0 — —

Na Bone 3.1E–1 — 3.3E–1

Na Kidney 5.9E–1 — 6.2E–1

Na Liver 1.0E+0 — 6.3E–1

Na Muscle 1.6E+0 — 1.0E+0

Nb Bone 6.3E–1 — —

Nb Kidney — — —

Nb Liver — — —

Nb Muscle 1.0E+0 — —

Ni Bone 4.0E–1 — 2.4E–2

Ni Kidney 2.6E–1 — 1.0E+0

Ni Liver 7.1E–1 2.9E+1 6.2E+0

Ni Muscle 1.3E+0 1.0E+0 2.9E+0
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

P Bone 1.9E–1 — 6.7E–2

P Kidney 2.5E+0 — 1.0E+0

P Liver 2.0E+0 — 1.0E+0

P Muscle 3.1E+0 — 1.0E+0

Pb Bone 4.2E–1 2.0E–1 1.6E–1

Pb Kidney 6.7E–1 — 2.3E–1

Pb Liver 5.3E–1 1.0E+0 1.0E+0

Pb Muscle 1.0E+0 2.4E+0 1.0E+0

Po Bone 1.0E+0 1.0E+0 —

Po Kidney — — —

Po Liver — 6.7E–1 —

Po Muscle 1.0E+0 7.0E+0 —

Pu Bone — 5.6E–1 —

Pu Kidney — — —

Pu Liver — 5.1E–1 —

Pu Muscle — 3.6E+1 —

Ra Bone 2.1E–1 2.9E–1 —

Ra Kidney — — —

Ra Liver — — —

Ra Muscle 2.4E+0 1.7E+0 —
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Rb Bone 5.0E–1 — 1.0E+0

Rb Kidney 1.6E+0 — 1.0E+0

Rb Liver 1.9E+0 — 1.0E+0

Rb Muscle 1.0E+0 — 1.0E+0

Ru Bone 5.9E–1 3.6E–1 —

Ru Kidney — 1.4E–1 —

Ru Liver — 1.3E–1 —

Ru Muscle 1.0E+0 1.8E+0 —

Sb Bone 3.6E–1 — —

Sb Kidney 2.1E–1 — —

Sb Liver 2.3E–1 — —

Sb Muscle 1.6E+0 — —

Sc Bone 1.8E–1 — —

Sc Kidney 2.1E+0 — —

Sc Liver 5.9E–1 — —

Sc Muscle 3.8E+0 — —

Se Bone 1.0E+0 — —

Se Kidney 4.8E–1 — —

Se Liver 3.7E–1 — —

Se Muscle 1.0E+0 — —
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Sm Bone — — —

Sm Kidney — — —

Sm Liver — — —

Sm Muscle — — —

Sr Bone 1.4E–1 2.1E–1 2.1E–2

Sr Kidney 1.4E+1 — 1.0E+1

Sr Liver 2.7E+1 1.0E+0 1.3E+1

Sr Muscle 3.8E+1 3.1E+0 1.9E+1

Te Bone 6.3E–1 — —

Te Kidney 1.0E+0 — —

Te Liver 1.0E+0 — —

Te Muscle 1.0E+0 — —

Th Bone 2.2E–1 — —

Th Kidney 1.0E+0 — —

Th Liver 1.7E+0 — —

Th Muscle 2.2E+0 — —

Ti Bone 3.6E–1 — —

Ti Kidney 4.2E–1 — —

Ti Liver 1.0E+0 — —

Ti Muscle 1.0E+0 — —
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Tl Bone 2.2E–1 — —

Tl Kidney 5.6E–1 — —

Tl Liver 5.6E–1 — —

Tl Muscle 2.4E+0 — —

U Bone 2.1E–1 — —

U Kidney 2.0E+0 — —

U Liver 4.8E+0 — —

U Muscle 2.5E+0 — —

V Bone 5.3E–1 — 1.8E–1

V Kidney 1.0E+0 — 5.0E–1

V Liver 7.1E–1 2.2E+2 1.8E–1

V Muscle 1.0E+0 8.3E+0 1.0E+0

Y Bone 3.1E–1 — —

Y Kidney 3.1E–1 — —

Y Liver 4.2E–1 — —

Y Muscle 1.8E+0 — —

Zn Bone 2.6E–1 1.0E+0 1.7E–1

Zn Kidney 1.6E–1 — 4.7E–1

Zn Liver 2.7E–1 1.0E+0 4.1E–1

Zn Muscle 2.1E+0 1.0E+0 1.3E+0
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TABLE 15.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR FISH AND AMPHIBIANS (cont.)

Element Tissue
Ratio

Freshwater fish Marine fish Amphibians

Zr Bone 4.8E–1 — —

Zr Kidney 1.0E+0 — —

Zr Liver 1.0E+0 8.3E+0 —

Zr Muscle 1.0E+0 2.4E+0 —

TABLE 16.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR REPTILES (cont.)

Element Tissue
Ratio

Turtles only Excluding turtles

Ag Bone
Kidney
Liver

Muscle

—
5.5E+0
6.0E–2
4.0E+1

—
—
—
—

Al Bone
Kidney
Liver

Muscle

4.5E–1
1.9E+1
6.2E+0
9.2E+0

—
—
—
—

As Bone
Kidney
Liver

Muscle

1.0E+0
1.0E+0
1.0E+0
1.0E+0

—
7.3E–1
5.9E–1
1.0E+0

Ca Bone
Kidney
Liver

Muscle

4.4E–1
—

1.7E+1
1.2E+1

—
—
—
—
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TABLE 16.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR REPTILES (cont.)

Element Tissue
Ratio

Turtles only Excluding turtles

Cd Bone
Kidney
Liver

Muscle

1.9E+0
2.3E–1
4.8E–1
1.4E+1

—
5.9E–1
3.1E–1
1.0E+0

Co Bone
Kidney
Liver

Muscle

—
3.4E–2
2.4E–1
6.0E+0

—
—
—
—

Cr Bone
Kidney
Liver

Muscle

—
1.0E+0
1.0E+0
2.0E+0

—
1.0E+0
1.0E+0
1.0E+0

Cs Bone
Kidney
Liver

Muscle

5.1E+0
2.0E+0
2.9E+0
1.0E+0

—
2.5E–1
4.3E–1
1.0E+0

Cu Bone
Kidney
Liver

Muscle

—
1.9E+0
4.6E–1
2.0E+1

—
1.6E+0
3.7E–1
1.0E+0

Fe Bone
Kidney
Liver

Muscle

5.8E+0
1.7E+0
7.4E–1
5.6E+0

—
2.2E+0
1.6E–1
2.3E+0

Mn Bone
Kidney
Liver

Muscle

—
1.8E+0
7.4E+0
2.1E+1

—
1.5E+1
9.0E+0
2.9E+0

Ni Bone
Kidney
Liver

Muscle

2.9E+0
1.0E+0
1.0E+0
2.1E+0

—
1.0E+0
1.0E+0
1.0E+0
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TABLE 16.  CONVERSION FACTORS FOR TISSUE TO WHOLE 
ORGANISM CONCENTRATIONS FOR REPTILES (cont.)

Element Tissue
Ratio

Turtles only Excluding turtles

Pb Bone
Kidney
Liver

Muscle

1.9E+0
7.5E+0
8.0E+0
1.8E+1

—
4.5E+0
7.1E+0
4.3E+0

Ra Bone
Kidney
Liver

Muscle

1.0E+0
—

8.7E+0
1.0E+1

—
—
—
—

Rb Bone
Kidney
Liver

Muscle

—
1.0E+0
1.0E+0
1.0E+0

—
—
—
—

Se Bone
Kidney
Liver

Muscle

—
1.0E+0
7.4E–1
1.7E+0

—
5.7E–1
4.8E–1
1.0E+0

U Bone
Kidney
Liver

Muscle

—
—
—
—

—
—

2.6E–1
2.6E+0

Zn Bone
Kidney
Liver

Muscle

1.0E+0
4.8E+0
3.0E+0
5.4E+0

—
1.0E+0
1.0E+0
1.0E+0
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DEFINITIONS

Where available, definitions are taken from the IAEA Safety Glossary11, in which 
further information can be found on some of the definitions.

absorbed dose, D. The fundamental dosimetric quantity D, defined as:

d
d

D
m

=
  

where d is the mean energy imparted by ionizing radiation to matter in a 
volume element and dm is the mass of matter in the volume element.

The energy can be averaged over any defined volume, the average dose 
being equal to the total energy imparted in the volume divided by the mass 
in the volume.

Absorbed dose is defined at a point; for the average dose in a tissue or 
organ. 

Unit: gray (Gy), equal to 1 J/kg (formerly, the rad was used).

activity concentration. See specific activity.

allometry. Mathematical relationships between body mass of organisms and 
various parameters (including radionuclide biological half-life and dietary 
dry matter intake).

bioaccumulation. The process whereby an organism accumulates substances in 
living tissues to concentrations higher than those existing in the surrounding 
media.

bioavailability. Defined as the fraction of the contaminant that can be taken 
up by living organisms, dependent both on the chemical speciation of the 
exposure source(s) and on the physiological status of the organism.

11 INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Glossary, Terminology 
Used in Nuclear Safety and Radiation Protection, 2007 Edition, IAEA, Vienna (2007).
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biogeochemical analogues. Elements which are assumed to have the same 
general behaviour under similar environmental/biological conditions.

biological half-life. The time taken for the quantity of a material in a specified 
tissue, organ or region of the body (or any other specified biota) to halve as 
a result of biological processes.

conversion factor. Factor used here to enable tissue specific data to be used in 
the estimation of whole organism concentration ratios. 

concentration ratio, CRwo-media. Whole organism concentration ratio: used to 
quantify the equilibrium activity concentration between an environmental 
medium and the whole living organism. Previously referred to as 
concentration factor or bioaccumulation factor. Generally does not include 
parts of the organism which might be contaminated by environmental 
media (soil, silt) such as gut, pelt. 

dietary component. Components of an animal’s diet, for instance, the different 
species ingested.

distribution coefficient, Kd. Distribution coefficient used to quantify the 
equilibrium between solid and liquid phases (soil or sediment–interstitial 
water), usually expressed in litres per kilogram. It is the ratio of the mass 
of the solute species adsorbed (or precipitated) on the solid particles per 
unit of dry mass of the soil or sediment to the solute concentration in the 
liquid phase. It represents the partition of the solute in the soil or sediment 
matrix and soil or sediment water, assuming that equilibrium conditions 
exist between the solid and liquid phases. The Kd values are dependent on 
the soil or sediment and water physical and chemical characteristics.

dosimetry. The measurement and calculation of radiation dose in matter and 
tissue resulting from exposure to ionizing radiation. 

dynamic model. A model used to express and model the behaviour of the system 
over time.

environmental medium. The environmental compartment from which the 
contaminant (radionuclide) is derived. Can be soil, sediment, water or air.
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equilibrium. In the context of this handbook, the steady state condition in which 
there is a constant ratio between the activity concentration in an organism 
and an environmental medium.

exposure pathway. A route by which radiation or radionuclides can reach 
humans and cause exposure.
i	 An exposure pathway may be very simple, e.g. external exposure from airborne 

radionuclides, or a more complex chain, e.g. internal exposure from drinking 
milk from cows that ate grass contaminated with deposited radionuclides.

i	 The term ‘exposure pathway’ can be applied to other organisms, e.g. wildlife, 
with similar caveats. In that case, internal exposure may be from ingestion 
of meat from a herbivorous prey species that ate grass contaminated with 
deposited radionuclides.

food chain. Food chains are components of the webs of predator–prey 
relationships between species within an ecosystem or habitat.

ionic potential. Measure of the strength of attraction of ions, expressed as the 
ratio of ionic charge Z to ionic radius r, Z:r.

Monte Carlo analysis. Analysis that uses Monte Carlo methods, a class of 
computational algorithms that rely on repeated random sampling to 
compute their results. Monte Carlo methods are often used in simulating 
physical and mathematical systems.

non-human biota. Commonly used term referring to all species other than 
humans.

phylogenetic relationship. The phylogenetic relationship refers to the relative 
times in the past that species shared common ancestors. 

radionuclide. An unstable nuclide that undergoes spontaneous transformation, 
emitting ionizing radiation.

reference animals and plants. Group of idealized organisms representative of 
different environments used to assess radiation effects in the International 
Commission on Radiological Protection approach, to relate exposure to 
dose and dose to effect.
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reference organisms. A series of entities that provide a basis for the estimation of 
radiation dose rate to a range of organisms that are typical, or representative, 
of a contaminated environment.

screening. A type of analysis aimed at eliminating from further consideration 
factors that are less significant for protection or safety in order to 
concentrate on the more significant factors. This is typically achieved by 
consideration of very pessimistic hypothetical scenarios.
i	 Screening is usually conducted at an early stage to narrow the range of factors 

needing detailed consideration in an analysis or assessment. 

source. Anything that may cause radiation exposure — such as by emitting 
ionizing radiation or by releasing radioactive substances or materials — 
and can be treated as a single entity for protection and safety purposes.  

specific activity. Of a radionuclide, the activity per unit mass of that nuclide. Of 
a material, the activity per unit mass or volume of the material in which the 
radionuclides are essentially uniformly distributed.
i	 The distinction in usage between ‘specific activity’ and ‘activity concentration’ 

is controversial. Some regard the terms as synonymous, and may favour one or 
the other. ISO 92112 distinguishes between specific activity as the activity per 
unit mass and activity concentration as the activity per unit volume. Another 
common distinction is that specific activity is used (usually as activity per unit 
mass) with reference to a pure sample of a radionuclide or, less strictly, to cases 
where a radionuclide is intrinsically present in the material (e.g. 14C in organic 
materials, 235U in natural uranium), even if the abundance of the radionuclide 
is artificially changed. It is in this context, for 3H and 14C, that specific activity 
is used in this handbook consistent with Technical Reports Series No. 472 
published by the IAEA in 201013. In this usage, activity concentration (which 
may be activity per unit mass or per unit volume) is used for any other situation 
(e.g. when the activity is in the form of contamination in or on a material).

i	 In general, the term ‘activity concentration’ is more widely applicable, is more 
self-evident in meaning, and is less likely than ‘specific activity’ to be confused 
with unrelated terms (such as ‘specified activities’). ‘Activity concentration’ is 
therefore preferred to ‘specific activity’ for general use in safety related IAEA 
publications.

12 INTERNATIONAL ORGANIZATION FOR STANDARDIZATION, Nuclear Energy 
— Vocabulary, ISO 921:1997, ISO, Geneva (1997).

13 INTERNATIONAL ATOMIC ENERGY AGENCY, Handbook of Parameter Values 
for the Prediction of Radionuclide Transfer in Terrestrial and Freshwater Environments, 
Technical Reports Series No. 472, IAEA, Vienna (2010).
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uncertainty. Arises from imprecision due to lack of information, expert 
judgement and/or measurement errors, and could be reduced with increased 
knowledge and/or experimentation.

uncertainty analysis. An analysis to estimate the uncertainties and error 
bounds of the quantities involved in, and the results from, the solution 
of a problem.

wildlife. All non-domesticated plants, animals and other organisms.  
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