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1. INTRODUCTION 1 

1.1 Citation 2 

This Safety Guide may be cited as the Safety Guide for Radiation Protection of the Environment 3 
(2014). 4 

1.2 Background 5 

Australia’s system for managing radiation risks1 from ionising radiation is closely aligned with 6 
international best practice as laid out by the International Commission on Radiological 7 
Protection (ICRP), the International Atomic Energy Agency’s (IAEA) Safety and Security Series 8 
and Codes of Conduct, and in relevant Conventions to which Australia is a party. Following the 9 
publication of the Fundamentals for Protection Against Ionising Radiation (2014), the 10 
Australian system now includes recommendations for demonstrating protection of the 11 
environment.   12 

Protection of the environment from the harmful effects of ionising radiation is an issue that has 13 
evolved over recent decades. Up until the publication of ICRP 103 (ICRP, 2007) the 14 
recommended radiation protection framework was designed for the purposes of protecting 15 
humans from exposures to ionising radiation, with the implicit assumption that if humans were 16 
adequately protected, you would, as a consequence, provide an adequate level of protection 17 
for non-human species or ‘wildlife’. As modern societies have developed, an increased 18 
awareness of the potential impact that human activities can have on the environment has 19 
grown and society has come to expect a better understanding of the possible radiological harm 20 
to the environment.  These expectations have included that radiation protection of the 21 
environment is not just assumed, but is clearly demonstrated.   22 

This Safety Guide describes what is meant by ‘Radiation Protection of the Environment’ and 23 
outlines the environmental protection framework and practical aspects of the assessment 24 
process through which protection could be demonstrated.  25 

1.3 Purpose 26 

The purpose of the Safety Guide is to provide best practice guidance on how to assess 27 
environmental exposures and demonstrate protection of the environment from the human 28 
activities that give rise to such exposures.  This guidance is for use by industry, regulators and 29 
others, and will assist in promoting a nationally uniform approach and understanding of what 30 
is meant by protection of the environment from the harmful effects of ionising radiation.  31 

                                                 
1 Radiation risk, as described in the Fundamentals for Protection Against Ionising Radiation (ARPANSA, 

2014), refers to the likelihood of detrimental human health effects occurring as a result of exposure 
to ionising radiation, and includes consideration of environmental risks that might arise from such 
exposure.  Exposure may be due to the presence of radioactive material (including radioactive waste) 
or its release to the environment; or a loss of control over a nuclear reactor core, a nuclear chain 
reaction, a radioactive source or any other source of radiation; alone or in combination. 
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1.4 Scope 32 

This Safety Guide specifically focuses on environmental radiological protection (i.e. protection 33 
of the biological diversity of wildlife living in their natural environment) under planned, 34 
existing and emergency exposure situations, noting that protection of the environment is an 35 
integral part of any environmental assessment of the potential impact of radiation practices at 36 
all stages of development.  37 

Guidance on human radiological protection in relation to exposures from contaminated 38 
environments is outside the scope of this Safety Guide. However, assessments and decisions 39 
relating to all situations involving contaminated environments should always consider human 40 
radiological protection in conjunction with protection of the environment. Efforts to reduce 41 
exposures of wildlife should, to the extent practicable, complement those to reduce human 42 
exposure, and vice-versa. 43 

1.5 Interpretation 44 

The Safety Guide is explanatory and descriptive in nature and is not required to be complied 45 
with per se; hence the use of the word ‘must’ in this document should not be understood as a 46 
regulatory requirement. Material in the Annexes provides further clarification and guidance on 47 
issues discussed in the Safety Guide. 48 

1.6 Structure 49 
This document consists of four sections and three annexes.  50 

Section 1 describes the background, purpose and scope of the Safety Guide.  51 

Section 2 describes the objectives of protection of the environment.  52 

Section 3 describes the framework for demonstrating protection of the environment from 53 
exposure to ionising radiation. 54 

Section 4 provides guidance on how to perform a radiological risk assessment as a 55 
consequence of exposures of wildlife to ionising radiation and how to demonstrate the level of 56 
protection. 57 

Annex A provides more detailed information on assessment considerations. 58 

Annex B describes considerations for environmental sampling and data collection. 59 

Annex C provides specific considerations for environmental assessments under different 60 
exposure situations. 61 

The meanings of technical terms used in this Safety Guide are defined in the Glossary. Terms 62 
defined in the Glossary appear in bold type on first occurrence in the text.  63 

The References section provides some high-level references to international frameworks as well as to 64 
some other relevant or explanatory scientific publications cited in the document. 65 
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2. THE OBJECTIVES OF RADIATION PROTECTION OF THE 66 

ENVIRONMENT FROM IONISING RADIATION 67 

The objectives of radiation protection of the environment are to ensure that radiation doses to 68 
organisms have a negligible impact on the maintenance of biological diversity, the conservation 69 
of species, or on the health and status of natural habitats, communities, and ecosystems.  70 

Any considered environment, whether terrestrial or aquatic, may contain many forms of 71 
wildlife coexisting within a more or less complex ecosystem. Hence, protection of any specific 72 
environment may be defined as the protection of the exposed plants and animals (i.e. wildlife) 73 
to ensure minimisation of the impact to the ecosystem under threat as a whole. 74 

2.1 Determining radiological effects on the environment 75 

The main mechanism for determining the possibility of radiological effects on the environment 76 
is in the estimation of dose rates to wildlife through a radiological assessment (see Section 4). 77 
These estimates are then compared to observed effects levels in plants and animals in order to 78 
demonstrate protection.   79 

For wildlife, four endpoints are generally utilised to capture the range of ways that a 80 
population can potentially be affected by radiation. These are: 81 

• Mortality (leading to changes in age distribution, death rate and population density); 82 
• Morbidity (reducing ‘fitness’ of individuals, making it more difficult for them to survive 83 

in a natural environment); 84 
• Reproduction (by either reduced fertility or fecundity); and, 85 
• Cytogenetic (by the induction of chromosomal damage). 86 

All of these should be considered when applying appropriate protection strategies for wildlife.  87 

2.2 Demonstrating protection of the environment 88 

For radiation protection of people (individually or as populations), limits and reference levels 89 
can be set in terms of the quantities equivalent dose and effective dose, usually in 90 
milliSieverts (mSv) per year. These limits and reference levels are derived from knowledge on 91 
the effects of ionising radiation on human tissues, organs, individuals and populations. The 92 
values are defined so that acute or late tissue reactions will, in principle, not occur, other than 93 
as a result of accidents or acts with malicious intent (the use of radiotherapy in cancer 94 
treatment being a separate issue).  Nominal probability coefficients for cancer and heritable 95 
effects (so-called stochastic effects) applied to the effective dose will provide guidance and 96 
reassurance of protection against detrimental effects of ionising radiation in the long term.   97 

Similarly, fulfilment of the objectives of protection of the environment against detrimental 98 
effects of ionising radiation (as outlined in Section 2.1), can be demonstrated through 99 
comparison of measured or projected dose rates in wildlife against predefined dose rate 100 
benchmarks. Such benchmarks (further elaborated in Sections 3.6 and 3.7) are intended to 101 
guide users (e.g. proponents of a project, regulators and the public) in providing reasonable 102 
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assurance that both acute and long-term detrimental effects of ionising radiation on the 103 
environment are avoided. The dose rate benchmarks for environmental protection are defined 104 
using the quantity absorbed dose, usually given in microGray (μGy) per hour.  105 

106 
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3. FRAMEWORK FOR RADIATION PROTECTION OF THE 107 

ENVIRONMENT  108 

3.1 Introduction 109 

The framework for radiation protection of the environment described in this Safety Guide is 110 
based on work undertaken through international collaboration to develop an environmental 111 
protection framework within the system of radiological protection (ICRP, 2007; ICRP, 2008; ICRP, 112 
2009; ICRP, 2013; ICRP, 2014). Application of the framework is generally considered as a best 113 
practice approach to assess environmental impacts from ionising radiation associated with 114 
releases of radionuclides, though this does not preclude the use of other methods to make such 115 
assessments. 116 

The framework for radiological protection of the environment (Figure 1) is broadly consistent 117 
with that for the radiological protection of humans. The framework incorporates conceptual 118 
and numerical models (‘reference organisms’2) for assessing exposure-dose and dose-effect 119 
relationships for different types of fauna and flora in a systematic way using radioecological 120 
and other information. It also incorporates numerical indices (‘environmental reference 121 
values3’) for guiding judgements on the acceptability of assessed dose rates and optimisation. 122 

 123 
Figure 1: Framework for radiological protection of people (left) and the environment (right) 124 

in relation to all exposure situations. 125 

                                                 
2  Various compatible terms are used to describe the conceptual and numerical model used to describe an 

organism type, or Representative Organism (see Section 3.3 and Annex A.2).  These include ‘Reference 
Animals and Plants’ (RAP) (ICRP, 2009) and the ERICA Integrated Approach use of ‘Reference Organisms’ 
(Larsson, 2008; Howard and Larsson, 2008).  The latter tem is generally used in this Guide. 

3  Environmental Reference Values (ICRP, 2014) have been used as a reference point for environmental 
protection in this Guide (see Section 3.6).  These can be based on the ICRP’s Derived Consideration 
Reference Levels (DCRL) (ICRP, 2009) (see Section 3.6). 

Planned, emergency, and existing exposure situations 

Environmental radionuclide concentrations 

Reference Male and Female, and  
Reference Person 

Reference Organisms  
(see Section 3.3) 

Dose limits, constraints, and  
Reference Levels 

Environmental Reference Values 
(see Section 3.5) 

Decision-making regarding public health and environmental protection 
for the same environmental exposure situation by way of 
Representative Individuals and Representative Organisms 
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3.2 Applying the framework in an assessment context 126 

Application of the framework for radiological protection of the environment may be helpful in 127 
assessing environmental impacts from radiation associated with different exposure situations 128 
and scenarios. It may assist at: 129 

• the conceptual level for: 130 

– planning environmental assessments; 131 
– identifying sources of radionuclides; 132 
– identifying key receptor organisms, exposure pathways and endpoints; 133 
– identifying assessment tools (tiered approaches) that are fit for purpose; and 134 
– identifying and organising data that are fit for purpose. 135 

• the operational level for: 136 

– providing an indication of the potential environmental impacts from radiation 137 
associated with an operation or facility; 138 

– developing a flexible environmental monitoring program, including ongoing 139 
comparison of assessment predictions with potential outcomes; and 140 

– optimising the level of effort expended on environmental protection. 141 

• the regulatory level for: 142 

– assessing/demonstrating compliance with environmental protection objectives of 143 
relevant legislation or other adopted standards or codes of practice ; and 144 

– demonstrating that stakeholder expectations for radiological protection of the 145 
environment have been adequately addressed; 146 

– Expanding knowledge to improve future risk assessments by merging acquired 147 
information into the existing databases on the environmental impacts of ionising 148 
radiation. 149 

Appropriate scientific rigour in applying the framework in an assessment context is required to 150 
properly address environmental protection objectives.  151 

The questions to consider regarding environmental exposure scenarios typically include: 152 

• What is the natural background? All organisms exist in a natural radiation environment 153 
and only the incremental human-derived dose above this (baseline) background needs to 154 
be considered in relation to assessing potential detriment to the environment  155 

• What is the source of the radioactivity? This determines the type of radioactive materials 156 
released to the environment, their quantities, half-lives, and the means by which they 157 
enter the broader environment. Typical releases are atmospheric (gases or dusts from 158 
stacks or less controlled processes), aquatic (via pipes to rivers, lakes or oceans or through 159 
sewerage systems) and/or, potentially, via groundwater (from mines, processing or 160 
storage facilities). The nature of the source will determine the types of monitoring and 161 
assessment required. 162 
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• Is the assessed release controlled or accidental? Planned and unplanned releases have 163 
different characteristics and are assessed differently. Routine or regular releases into the 164 
environment are best assessed as chronic, long-term releases (equilibrium situation). 165 
Accidental releases can be assessed using either chronic or acute response data or both. 166 

• How does the material move through and disperse into the environment? What are the 167 
transport mechanisms and vectors? How long does it take for the process to progress? 168 
What is the geographical context (i.e. an area of 2m2 around a discharge point or an entire 169 
County or State)? Is the material fully dispersed to negligible activity concentrations or are 170 
there sinks (e.g. sediments in lakes or oceans, surface soils downwind of stacks, etc.) 171 
where the material concentrates? How spatially and temporally homogeneous is the 172 
dispersion at the point of assessment? 173 

• What is eventually affected, and to what extent?  Which ecosystems or organisms are 174 
affected (either in situ or in transit)? What habits of wildlife could increase uptake of 175 
radionuclides? Where does the radioactivity finally end up (i.e. what are the endpoints)? 176 

For humans, the three main issues that determine external dose from exposure to radioactive 177 
materials are time, distance and shielding. These issues also pertain to environmental dose. 178 
Animals can move into and out of exposure (e.g. animals coming to a river for water or to a 179 
contaminated pasture to graze) or they may be fully immersed (e.g. fish in a contaminated 180 
river or stygofauna in a groundwater plume).  181 

Internal dose will depend on how (and in what form) radionuclides enter the organism. The 182 
concepts of bioaccessibility and bioavailability need to be considered. Bioaccessibility 183 
determines whether the plant or animal can access the environmental radioactivity (e.g. 184 
deposited materials on a soil surface will be more accessible to shallow rooted grasses than 185 
deep rooted trees). Bioavailability determines whether the material is in a form that the 186 
organism can bioaccumulate (e.g. complexation or chemical speciation strongly influences 187 
bioavailability and subsequent toxicology) and, for animals, digestibility also has a significant 188 
influence with indigestible components passing rapidly through the gut whilst adsorbed 189 
materials are retained longer and are more dispersed throughout the body.  190 

A walk-through of aspects that should be considered in the assessments process is provided in 191 
Section 4. 192 

3.3 Reference organisms 193 

Reference Organisms are hypothetical representations of plants and animals that are simplified 194 
(to ellipsoids) for the purposes of determining dose and effects parameters.  195 

One of their key practical purposes is to provide a basis for the estimation of radiation dose 196 
rates to a range of living organisms that are representative of a potentially impacted 197 
environment, or necessary for the structural or functional integrity for any radiation exposed 198 
ecosystem (i.e. keystone species). These estimates, in turn, provide a basis for assessing the 199 
likelihood and degree of radiation effects (Larsson, 2004). 200 
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Reference organisms are not real or living organisms themselves. They are instead simplified 201 
conceptual and numerical models used for estimating external and internal doses of the 202 
selected representative organisms (Figure 2). This simplification is based on the fact that 203 
radiation damage arises from the ionisation that follows the path or track that radioactive 204 
particles follow as they pass through tissues. Hence the dimensions of the organisms have an 205 
effect on the degree of radiation damage that may occur. 206 

Currently, the simplifications in the models include: 207 

• the representation of living organisms by simple shapes (e.g.  ellipsoids); and 208 

• an assumption of homogeneous radionuclide distribution in the tissues of the organism 209 
(internal dosimetry) and in environmental media (external dosimetry). 210 

 211 

 212 
Figure 2:  Simplification of a representative organism (a kangaroo) to a reference organism 213 

(such as ICRP’s Reference Animal Deer or ERICA’s Mammal (deer)) for dosimetry 214 
modelling.  215 

Future improvements in biota dosimetry modelling, such as those proposed by the ICRP (ICRP, 216 
2008) or under development within the IAEA MODARIA program (IAEA, 2012), may enable 217 
more realistic geometries and radionuclide distributions to be investigated, including uptake by 218 
and doses to specific tissues and recognition of the temporal nature of environmental exposure 219 
and biological response. However, the current situation is that for practical reasons assessment 220 
methods and tools are generally limited to the simple geometries and assumptions on 221 
radionuclide distribution and equilibrium conditions described above.  This is sufficient for 222 
screening the environment at the ecosystem level. 223 

Reference organisms also serve as points of reference for organising data for dosimetry 224 
modelling and effects analysis. Radioecological and other data for reference organisms may 225 
sometimes be pooled across several species and/or non-connected studies to obtain sufficient 226 

Reference organism: A numerical 
approximation of the representative organism 
which is used to calculate radiation dose rate 
and dose-effect relationship. 

Representative organism:  
A living organism that is typical of a 
contaminated environment. 

Image:  Fir0002/Flagstaffotos 
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data for use in any assessment. This means that data for reference organisms may not 227 
necessarily relate to an individual species, specific site or geographical region. The use of 228 
pooled (i.e. generic) versus species or site specific data is an important assessment 229 
consideration and one that is likely to influence the assessment result. This is particularly the 230 
case for choice of radionuclide transfer factor (concentration ratio – see Section 3.4), which has 231 
been shown to be the most sensitive parameter affecting biota assessment results (Beresford 232 
et al., 2008). Annex A of this Safety Guide provides advice on selecting reference organisms and 233 
data for assessment. 234 

3.4 Estimating radionuclide transfer to biota 235 

If known, activity concentrations in plants and animals can be used directly in subsequent dose-236 
rate calculations. However, most of the time the only data readily available are likely to be the 237 
activity concentrations in the environmental media that surrounds the biota.  In these cases, 238 
activity concentrations in plants and animals will need to be derived from measured or 239 
estimated activity concentrations of radionuclides in environmental media such as the soil, 240 
water and/or sediments in which the plant or animal lives, in order to undertake a radiological 241 
risk assessment.   242 

Concentration ratio (CR) 243 

In order to estimate the activity concentration in a plant or animal it is essential to have an 244 
appropriate organism-to-media concentration ratio (CR) for those environmental media.  These 245 
CR values are normally assumed to reflect an equilibrium situation between the exposed biota 246 
and the environmental media in which they inhabit. The CR values are particularly appropriate 247 
for assessments of constant long-term exposure scenarios.  Equilibrium approaches have 248 
limited applicability in dynamic situations where environmental concentrations are changing 249 
rapidly with time (Coughtrey and Thorne, 1983; Brown et al. 2008).  Application of CRs in these 250 
situations has a tendency to produce an over-estimation in the initial phase, when activity 251 
concentration in media is increasing (Psaltaki et al. 2012). Alternately, it may produce an 252 
under-estimate if the environmental media concentrations have declined at the time of 253 
sampling but within the biological half-life of the radioactive material. Dynamic modelling may 254 
be applied to a more limited number of key species and a limited number of main dose-255 
forming radionuclides. 256 

Tissue-media concentration ratio 257 

The tissue-media concentration ratio (CRtissue-media) is a value used to quantify the equilibrium 258 
activity concentration between an environmental medium and a specific biota tissue (e.g., 259 
muscle, bone, etc.). These values may have been derived previously during efforts to assess 260 
human dose via the consumption of particular foods, such as meat or milk. Tissue-to-media CR 261 
should not be used in biota dose assessments in lieu of organism-to-media data. This is 262 
because radionuclide activity concentrations (and thereby CR) for a specific tissues may be 263 
substantially less than, or greater than, that for the whole-body of the organism due to 264 
preferential uptake of certain radionuclides by certain tissues. In cases where only tissue data 265 
are available, it can be used to estimate whole-organism concentrations using the ratios 266 
provided in Yankovich et al. (2010). 267 
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Whole-organism concentration ratio 268 

The whole-organism concentration ratio (CRWO-media) is a value used to quantify the equilibrium 269 
activity concentration between an environmental medium and the whole living organism. This 270 
may previously have been referred to as concentration factor or bioaccumulation factor. It 271 
generally does not include parts of the organism which might be contaminated by 272 
environmental media (soil, silt) such as the gut or pelt (Johansen et al. 2013).  273 

The definitions of CRWO-media are as follows (Howard et al., 2013): 274 

For terrestrial biota: 275 

CR = Activity concentration in biota whole-body (Bq/kg fresh weight) / 276 
Activity concentration in soil (Bq/kg dry weight) 277 

Exceptions for terrestrial biota exist for chronic atmospheric releases of 3H, 14C, 35S and 278 
radioisotopes of P4, where:  279 

CR = Activity concentration in biota whole-body (Bq/kg fresh weight) / 280 
Activity concentration in air (Bq/m

3
) 281 

For aquatic biota: 282 

CR = Activity concentration in biota whole-body (Bq/kg fresh weight) / 283 
Activity concentration in filtered water (Bq/l) 284 

Distribution coefficient (Kd) 285 

Additionally, in aquatic ecosystems, the distribution coefficient (Kd) describes the relative 286 
activity concentrations of radionuclides in sediment and water, where: 287 

Kd (l/kg) = Activity concentration in sediment (Bq/kg dry weight) / Activity 288 
concentration in filtered water (Bq/l) 289 

The distribution coefficient can be used to predict radionuclide activity concentration in 290 
sediment from that in water, or vice versa, if data for either are lacking (see Annex A). 291 
However, it is much preferred to use site-specific water and sediment data as the published 292 
(model default) Kd values can have large uncertainty ranges and literature values often do not 293 
match well with site-specific conditions.  294 

3.5 Screening levels and tiered approaches 295 

The general approach recommended when making an assessment of environmental 296 
radiological impact is to consider an as-complex-as-necessary but as-simple-as-possible 297 
approach, thus minimising unnecessary work. To reflect this, the protection of wildlife should 298 
be addressed using a tiered (or graded) approach.  299 

                                                 
4 Atmospheric release of 222Rn (radon) and progeny could also apply here where such releases are 

enhanced by human activities. 
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It has been suggested (for the use of the ERICA tool) that a screening level5 of 10 µGy/h above 300 
natural background should be appropriate in most circumstances to effectively distinguish 301 
situations that are below concern from those which may require a more considered evaluation 302 
(Andersson et al., 2009; Garnier-Laplace et al., 2008; Garnier-Laplace et al., 2010). This 303 
screening level value has been derived from statistical analysis of radiation effects data using 304 
an accepted methodology for the derivation of benchmark values for other chemical stressors 305 
on the environment. It represents the dose rate at which 95% of the species in the ecosystem 306 
are expected to be protected, with an additional safety factor incorporated to account for 307 
limitations in the initial data6.   308 

If a simple (or screening) assessment of the situation identifies incremental dose rates to 309 
animals and plants above 10 µGy/h, depending on the scenarios applied and demonstrated 310 
conservatism, then a more complex assessment should be made. This assessment could use, 311 
for example, less conservative assumptions or site-specific data obtained from an 312 
environmental monitoring program.  313 

Dose rates below the value 10 µGy/h for a conservative scenario and application of a relevant 314 
screening tool can be considered to be below concern. If more realistic assumptions are made, 315 
potentially supported by site specific data, the dose rate criterion may have to be reconsidered, 316 
and may be either higher or lower than 10 uGy/h for the particular scenario under assessment. 317 

If a more complex assessment of the situation still identifies incremental dose rates to animals 318 
and plants above the screening level, then an assessment could be made of the probability, 319 
magnitude and distribution (spatially and temporally) of radiation exposures and possible 320 
adverse effects. This could involve an optimisation process based on Environmental Reference 321 
Values (see Section 3.6). 322 

As the complexity of the assessment increases, so too do the effort and data requirements.  323 

Finally, it is important to note that screening levels should not be applied as regulatory limits 324 
but, rather, as levels beyond which further investigations are highly recommended. 325 

3.6 Reference values for environmental protection 326 

Reference values are levels of absorbed dose rate to living organisms at which a more 327 
considered level of evaluation of the situation might be reasonably expected (see Figure 3). 328 

                                                 
5  Screening tools should be applied using the precautionary principle (Jordan & O’Riordan, 2004), whereby 

doses are over-estimated where available data is less precise. 
6 Garnier-Laplace et al. (2010) derived screening benchmarks, namely the predicted no-effect dose rates 

(PNEDR), at the ecosystem level.  They used radiotoxicity EDR10 data (dose rates giving a 10% effect in 
comparison with control) to fit a species sensitivity distribution (SSD) and estimate the HDR5 (the hazardous 
dose rate affecting 5% of species with a 10% effect).  An assessment factor (AF) was applied to the HDR5 to 
estimate a PNEDR value (justified by a multi-criteria approach).  The suggested generic screening value of 
10 µGy/h was derived using the lowest available EDR10 value per species, an unweighted SSD, and an AF of 2 
applied to the estimated HDR5. 



 

 
12 

 Radiation Protection Series 
 Radiation Protection of the Environment  
 Safety Guide SG-1 (Public Consultation Draft – Sept 2014) 

These reference values can be based on the ICRP’s Derived Consideration Reference Levels 329 
(DCRLs)7 for each reference organism (ICRP 2009; ICRP 2013), or other derived effects levels 330 
(see Table 1). They are not intended to be regarded as dose limits or ‘substitute’ values for 331 
them, and do not imply that higher dose rates are environmentally damaging, or that lower 332 
dose rates are in some way ‘safe’ or non-damaging. Rather, they can be considered as: 333 

• a dose rate increment to living organisms above the natural background level that might 334 
incur deleterious radiation effects in the environment; and 335 

• a point of reference to optimise the level of effort expended on environmental protection, 336 
dependent on the overall management objectives and relevant exposure situation. 337 

Reference values should be derived from knowledge of defined expected biological effects in 338 
living organisms, such as the ICRP’s Derived Consideration Reference Levels (DCRLs) (ICRP, 339 
2008). They therefore provide a point of reference to evaluate assessment results in the 340 
context of known radiation effects levels for living organisms and in doing so provide a 341 
scientific basis for guiding decisions on environmental protection. 342 

 343 

 344 

Figure 3:  Use of reference value based on organism-specific expected biological effects for 345 
protection of the environment.  346 

 347 
348 

                                                 
7 A review of all known radiation effects data relevant to reference animals and plants (RAPs) was 

undertaken and compiled as bands of dose rate spanning one order of magnitude (ICRP, 2008).  These 
are called Derived Consideration Reference Levels (DCRLs), and are “… a band of dose rate within which 
there is some chance of deleterious effect from ionizing radiation occurring to individuals of that type of 
Reference Animal or Plant (derived from a knowledge of defined expected biological effects for that type 
of organism) that, when considered together with other relevant information, can be used as a point of 
reference to optimize the level of effort expended on environmental protection, dependent upon the 
overall management objectives and the relevant exposure situation” (ICRP, 2008). 
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Table 1:  Summary of derived effects levels (µGy/h) below which population level effects are 349 
not expected to occur. Different values have been derived for similar organisms due 350 
to the use of alternate data and/or application of differing levels of concern. 351 

Organism IAEA (1992) UNSCEAR (2011) ICRP (2008) 

Terrestrial    

Plants 400 100  

Reference pine tree*   4–40 

Reference wild grass   40–400 

Animals 40 100  

Reference bee   400–4000 

Reference earthworm   400–4000 

Reference duck   4–40 

Reference deer   4–40 

Reference rat   4–40 

Aquatic    

Freshwater organisms 400 400  

Reference frog   40–400 

Reference trout   40–400 

Marine organisms  400  

Reference crab   400–4000 

Reference flatfish   40–400 

Reference brown seaweed   40-400 

*Reference ‘organism type’ refers to the ICRPs Reference Animals and Plants. 352 

3.7 Selecting environmental reference values 353 

The purpose of reference values is to provide: 354 

• an indication of the possibility of occurrence of deleterious radiation effects in the 355 
environment; and 356 

• a point of reference to optimise the level of effort expended on environmental protection. 357 

Reference values should be evidence-based and principally derived from review or analysis of 358 
the radiation effects literature and other relevant data. Review or analysis of the radiation 359 
effects literature should consider the biological effects associated with a reported exposure 360 
and their relevance in an environmental context. It is important to assess whether each 361 
biological effect is likely to impact only an exposed individual (or small group of individuals) or 362 
whether it is likely to manifest as a population level effect within a potentially impacted 363 
environment. Generally it is the latter which is currently considered when assessing doses. 364 
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Biological effects to individuals that could have a consequence at the population level include:  365 

• early mortality (leading to changes in age distribution, death rate and population density); 366 

• some forms of morbidity (that could reduce ‘fitness’ of the individuals, making it more 367 
difficult for them to survive in a natural environment); 368 

• impairment of reproductive capacity by either reduced fertility or fecundity (affecting birth 369 
rate, age distribution, number and density); and 370 

• the induction of chromosomal damage which potentially manifests adverse effects in 371 
subsequent generations. 372 

There is unlikely to be any effect at the population level if there are no deleterious effects in 373 
any of the individuals of that population. Therefore environmental reference values should be 374 
selected commensurate with the minimum dose rate level at which radiation induced 375 
biological effects in individuals occur. However, there are a number of additional points that 376 
should be considered when deriving reference values for the environment. These are discussed 377 
below. 378 

Observed biological effects reported in the radiation effects literature may arise from acute or 379 
chronic exposures depending on the particular experiment or study conducted. In an 380 
environmental context, chronic low level exposures of organisms are those that are most likely 381 
to occur, particularly in planned and existing exposure situations. Thus, it may be appropriate 382 
to apply data from the radiation effects literature relevant to the type of exposures expected in 383 
the environmental situation being considered. 384 

Not all organisms share common radiosensitivity. Higher order organisms (e.g. mammals, 385 
birds, trees) tend to be more sensitive to radiation than lower order organisms (e.g. insects, 386 
invertebrates, planktons) (UNSCEAR, 2008). This means that higher order organisms will 387 
generally experience biological effects at lower dose rates compared to lower order organisms. 388 
The implication is that environmental reference values for higher order organisms should be 389 
comparatively lower than those for lower order organisms. 390 

Radiation effects data for most organism types are relatively sparse. Consequently, there is 391 
likely to be inherent uncertainty in distinguishing the exact minimum dose rate level at which 392 
biological effects in organisms actually occur. In order to account for this uncertainty, it may be 393 
desirable to express environmental reference values in a banded fashion rather than as a single 394 
(discrete) value. The possible combination of small effects on biological endpoints should also 395 
be considered. 396 

Review and analysis of the radiation effects literature has been conducted at the international 397 
level to derive effects levels below which there is not expected to be significant population 398 
level effects for a range of organism types (Table 1). These derived values may be helpful in 399 
guiding the selection of environmental reference values for use in assessment. As an example, 400 
where the representative organism is sufficiently similar to one of the ICRP Reference Animals 401 
or Plants, the corresponding Derived Consideration Reference Level for that Reference Animal 402 
or Plant could be used as the environmental reference value. Another example could be to use 403 
a more general value, such as those reported by IAEA or UNSCEAR, across the range of 404 
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representative organisms included in the assessment. No matter the adopted value for the 405 
environmental reference value, the rationale for its selection should be clearly documented in 406 
the assessment report. 407 

3.8 Interpreting assessment results in the context of environmental 408 
reference values  409 

The approach taken to radiological protection of the environment in this safety guide is, by 410 
design, conservative. This is in line with both the precautionary principle (Jordan and 411 
O’Riordon, 2004) and the paucity of data which exists for the radiological impact on some 412 
biota.  Because of this, any finding above the environmental reference levels does not 413 
necessarily imply any true effect on the environment. However, they do indicate the need for 414 
further work to refine the determination of exposure, dose and/or impact. This work may 415 
range from more closely aligning the models with the site specific factors through to detailed 416 
radiological studies of the impacts. In most cases it would be expected that, simply by using 417 
more realistic base assumptions, it would be possible to confirm that the environment is being 418 
protected. 419 

A very important concept to remember in assessing environmental impacts on biota is the 420 
difference which is inherent between protection of humans and protection of the environment. 421 
Human protection is importantly structured around the individual and any detriment to an 422 
individual must be justified, limited and optimised. With environmental protection the end 423 
points are based on a combination of mortality, morbidity, reproduction and cytotoxicology 424 
and the population as a whole is the critical endpoint. For this reason it is important that, when 425 
assessing the radiological impact on the environment, the protection of the environment as a 426 
whole remains the key aim.  427 

The relative risks of radiation and other pollutants should be characterised and compared, with 428 
radiation treated similarly to a range of conventional hazards (earth moving, land disturbance, 429 
creek diversion, chemical storage, etc.). Although impacts on individuals should be minimised, 430 
individual impacts do not necessarily prevent a facility or operation being justified. Studies 431 
conducted in Australia on radiological impacts have shown that the radiological impacts may 432 
be several orders of magnitude less than that from other physical or chemical effects and also 433 
may be far less than other toxicological effects (Johnston et al., 2003). 434 

435 
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4. ASSESSMENT CONSIDERATIONS 436 

4.1 Introduction  437 

The most common and effective way to demonstrate protection of the environment from 438 
ionising radiation is by undertaking an environmental radiological assessment.  Whilst each 439 
assessment varies in its detail and complexity, the Section that follows aims to outline aspects 440 
which should to be considered when performing an assessment. 441 

4.2 When to do an environmental radiological assessment 442 

Knowing whether or not an environmental radiological assessment is needed for a particular 443 
radiation practice or source will help to ensure that effort and resources are not expended 444 
unnecessarily. As a general guide, an environmental radiological assessment should be 445 
undertaken when: 446 

• Requested by the regulatory authority to do so. The request could be by written 447 
direction, as a licence condition or contained in guidelines for the preparation of an 448 
environmental impact statement or licence application. 449 

• The operator has committed to do so. Such a commitment could be made within the 450 
environmental or radiation management plan for the practice. 451 

• The practice is a ‘nuclear action’ under the Environment Protection and Biodiversity 452 
Conservation (EPBC) Act 1999. Nuclear actions include, but are not limited to, 453 
establishing a nuclear installation, mining or milling uranium ore, establishing a large-454 
scale disposal facility for radioactive waste and de-commissioning or rehabilitating any 455 
facility or area in which any of the previously mentioned activities has occurred. 456 

• There is a real, potential or perceived risk of environmental exposures of concern due 457 
to the nature of the practice and there is uncertainty about the magnitude and extent8 458 
of exposure. 459 

4.3 Building a scenario  460 

Building the exposure scenario(s) is fundamentally important in the assessment process.  461 
Scenario building should include a description of; 462 

• The radiation practice or source, 463 

• The exposure situation (i.e. planned existing or emergency) 464 

• The physico-chemical properties of the released radioactive material and the means of 465 
dispersion,  466 

                                                 
8  Extent of exposure includes the spatial and temporal scales over which the exposure may occur, as well 

as the number of species and individuals exposed. 
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• The impacted environment, including actual or likely contamination levels, 467 

• The characteristics and activity patterns of wildlife populations of concern, including 468 
their interaction with the impacted environment, 469 

• The representative organisms selected for the assessment and the rationale for their 470 
selection, 471 

• The exposure pathways, 472 

• The features, events and processes that could influence the release of radionuclides 473 
from the source into the wider environment, 474 

• The spatial and temporal scales of potential exposure. 475 

Some questions that might be asked when constructing a scenario are given in Section 3.2, 476 
with general aspects broken down in Figure 4 and under the subheadings that follow. 477 

The overall effect of radiation exposure in the context of other contaminants could also be 478 
considered at this stage; however more data from the outcome of relevant assessments may 479 
be required to reach an informed decision. 480 

 481 

 482 
Figure 4: General aspects which need to be considered when building scenarios. 483 
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Natural background 484 

A baseline value for natural background should be established.  Environmental radiological 485 
assessment focuses on dose rates to wildlife additional to natural background. 486 

Source 487 

The source of radiation exposure should be quantified.  This includes a description of the 488 
relevant radionuclide quantities, locations of generation or storage, as well as the release type 489 
and duration.  Further information on source term considerations for Planned, Existing and 490 
Emergency situations is provided in Annex C.  491 

Environmental transport 492 

Mechanisms by which radionuclides physically move through the environment should be 493 
identified.  These can include migration or dispersion through soil, air or water – also consider 494 
that the spatial and temporal scales of radionuclide transfer can vary.  An appropriate 495 
dispersion model may need to be applied to estimate the transfer of the source material to the 496 
environment.  In the case of past releases, the impacted environment should be sampled 497 
directly to provide reliable activity concentration data. 498 

Organisms and pathways 499 

As defined in Section 3.3, Representative Organisms should be determined via surveys of the 500 
affected area.  Consideration should be given to relevant organisms or habitats that may be 501 
difficult to sample. These can be represented at the assessment stage through use of Reference 502 
Organism data (numerical approximations).  Detailed information on defining Reference 503 
Organisms for Australian wildlife is given in Annex A. 504 

Transfer of radionuclides to animals and plants is discussed in Section 3.4.  Relevant pathways 505 
of exposure from external and internal sources associated with defined exposure scenarios 506 
should be considered.  The specific habits of the local wildlife or assumptions associated with 507 
these can also be incorporated into the scenario. 508 

Timescales 509 

The duration of source release or exposure time are important aspects to consider during the 510 
assessment.  Most assessment models generally assume equilibrium conditions, and many 511 
standard parameters assume exposure for longer time periods (i.e. in the order of years).  512 
Exposure times can usually be related to routine organism habits and behaviours.  A short-term 513 
assessment (days and months following a release) will require specialised dynamic models (see 514 
Section C.3). 515 

The nature of the source materials should also be taken into account.  In some cases, where 516 
long half-life radionuclides are included in the source term, a long-term assessment (i.e. tens of 517 
thousands of years for long-lived radionuclides) of radionuclide transfer should be considered. 518 
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Biological Endpoints and Risk 519 

Exposure to radiation can cause a biological outcome.  The size of the risk (or estimations of 520 
probability) that exposure to radiation will bring about an effect of significance on a population 521 
or ecosystem should be discussed in the context of environmental reference values (see 522 
Section 3.6).  If possible, the discussion can be extended to how significant this effect may be. 523 
This encompasses analysis of transfer, uptake and effects of exposure to ionising radiation, 524 
including the derivation of dose-effect relationships for various biological endpoints in exposed 525 
organisms (Oughton et al., 2004). In rare cases, consideration can also be given to the 526 
redundancy of the exposed habitat in relation to the broader regional context and the ability of 527 
biota to recruit back into the affected habitats from refugia. 528 

4.4 Undertaking the assessment  529 

Once the scenario has been constructed, various aspects for undertaking the environmental 530 
assessment should be stepped through (see Figure 5).  Each of these has been included under 531 
the four sub-headings that follow. 532 

 533 
Figure 5:  Aspects which should be considered when performing an environmental 534 

radiological assessment (after building the scenario). 535 

Appropriate assessment tool  536 

Various assessment tools are available for radiological assessment of the environment. These 537 
can use differing methodologies of calculation, and the user should take care to choose the 538 
appropriate tool for their specific application and be aware of assumptions that are applied 539 
within.   540 

Some readily-available assessment tools that could be considered are the ERICA tool (Brown et 541 
al., 2008) and RESRAD-BIOTA (USDOE, 2004).  These two tools have been tested in various 542 
inter-comparison exercises to look at model-model differences introduced by user assumptions 543 
(Beresford et al., 2008; Beresford et al., 2010; Johansen et al., 2012; Vives i Batlle et al., 2007;    544 
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Tiered/graded approach 545 

An assessment tool that includes a tiered or graded approach should be applied (see Section 546 
3.5).  This will help to ensure that the assessment is as simple as possible but as complex as 547 
necessary.   548 

A pictorial representation of a tiered approach showing screening and a second, more complex 549 
tier, is shown in Figure 6.  This flow chart shows the steps of building a scenario, applying a 550 
screening level and moving on to more complex assessment methodology if required. 551 

The final justification is based upon known biological outcomes, sound reference levels and 552 
demonstration of protection – the screening level should not be used as a dose limit. 553 

 554 
Figure 6: Applying a tiered/graded approach in radiological assessment.  Exposures which are 555 

not of concern can be identified at the screening stage.  If required, further 556 
assessment (at a more complex level) can then be applied and justified by 557 
comparison with biological effects data (e.g. ICRP DCRL bands).  558 
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Screening and reference levels 559 

An initial screening using conservative assumptions applied to a general dose rate of 10 µGy/h 560 
provides a reliable way to determine exposures which are not of concern and where no further 561 
justification is required (see Section 3.5). 562 

Where the screening has failed, a more complex assessment (where site-specific data is 563 
applied) along with less conservative assumptions is strongly recommended.  Once calculated, 564 
biota dose rates should be compared to environmental reference values (see Sections 3.6 and 565 
3.7), which relate to observed biological effects on reference organisms from ionising radiation.  566 

Protection at population levels 567 

Populations and ecosystems are normally the overall objects of protection (rather than aiming 568 
to protect at the individual plant or animal level).  This can be incorporated into the 569 
information used in the setting of environmental reference values and in the overall 570 
justification that protection has been demonstrated.  Further information on interpretation of 571 
assessment outcomes against reference values can be found in Section 3.8. 572 

4.5 Stakeholder consultation  573 

At all stages of environmental assessment it is recommended that relevant stakeholders are 574 
engaged, with the amount of effort depending on the impact of the action being assessed and 575 
the level of community concern.  The consultation process should demonstrate independence 576 
and show transparency and openness, with the aim being to inform stakeholders and earn 577 
their trust. The engagement of disparate stakeholders also has the advantage of ensuring that 578 
as much information as possible is provided for the assessment. 579 

Stakeholders can include, but are not limited to; 580 

• Public & community groups, 581 
• Local liaison groups (or committees), 582 
• Special interest groups, 583 
• Proponents of the development and industry representatives,  584 
• News and social media, 585 
• Government authorities and decision makers,  586 
• Professional bodies, 587 
• International organisations and national regulatory bodies (and their staff). 588 

4.6 Other considerations 589 

When performing an environmental assessment, human and environmental protection should 590 
be considered in parallel.  It is also important to note that other contaminants related to 591 
human actions can also have an influence on the environment, including, but not limited to; 592 

• Acid or alkaline materials; 593 
• Heavy metals; 594 
• Hydrocarbons; 595 
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• Pesticides; 596 
• Thermal pollution; 597 
• Chemical pollution. 598 

The possible effects of these contaminants are not specifically considered in this Safety Guide, 599 
due to a focus on radiation protection.  However, any deliberations on environmental impacts 600 
should include the effects of all possible contaminants and a characterisation of the relative 601 
risks that they may pose to populations and ecosystems. 602 

603 
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Annex A Further Assessment Considerations 733 

A.1 Reference organisms in detail 734 

As defined in Section 3.1, Reference Organisms are hypothetical representations of plants and 735 
animals that are typically simplified (to ellipsoids) for the purposes of determining dose and 736 
effects parameters. One of their key practical purposes is to provide input information (mass, 737 
size dimensions, etc.) into the detailed dosimetric modelling necessary to calculate dose.  738 

Establishing reference organisms 739 

The current state-of-practice for dosimetric modelling for biota utilises a series of simplifying 740 
assumptions about an organism’s shape, density, and position relative to radionuclide 741 
contamination in order to perform probabilistic modelling (e.g., Monte Carlo simulations) of 742 
absorbed doses. Key outcomes of such modelling include dose conversion coefficients (DCCs), 743 
which are factors used to relate radionuclide concentrations in soil or water to the internal and 744 
external doses of exposed organisms (e.g., dose=DCC x concentration).  DCCs are approximated 745 
as follows:  746 
 747 

DCCinternal = 5.7672x10-4 x E x ΦE (1) 748 
 749 
DCCexternal = 5.7672x10-4 x E x (1-ΦE). (2) 750 

 751 

Where: 752 

E is the energy of a mono-energetic radiation source (MeV) 753 

ΦE is the absorbed fraction for a given energy (based on organism density, 754 
size, geometry, etc.) 755 

Equations (1) and (2) are approximations that assume that the organism and surrounding 756 
media are of the same density and elemental composition.   757 

Instead of deriving their own DCCs for each case, most practitioners may choose to use DCC 758 
reference tables, which are pre-calculated DCCs for a range of organisms (e.g., Ulanovksy and 759 
Prohl, 2006), or use available biota dose modeling software (e.g., ERICA-Tool, RESRAD-BIOTA) 760 
which rely on these pre-calculated DCCs.  In some software codes (e.g., ERICA-Tool) the user 761 
may model a ‘new organism’ (a user-defined organism) by providing the mass, geometry, and 762 
other information on an organism of interest. When this ‘new organism’ function is used, the 763 
software codes interpolate or extrapolate from the standard set of reference organisms and 764 
therefore the dose results for a ‘new organism’ may be under- or over protective. It is essential 765 
that the dose model parameters used at a particular site are justified as being sufficient and 766 
protective for the organisms and conditions of that site.    767 

Guidance on reference organism geometry 768 

Whether using the above equations, the published DCC reference tables, or available software 769 
codes, it is required that the dimensions and mass of the Reference Organism be known. Under 770 
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the current state-of-practice, the Reference Organism is modeled as a three-dimensional 771 
ellipsoid (most organisms, see Figure 7), or cylinder (a few organisms).  The dimensions are 772 
typically entered as centimeters, and are designated as: 773 
• a-major axis (length), 774 
• b-minor axis (width), 775 
• c-second minor axis (height). 776 

As examples, a Reference Organism for the rat family can be described as a=20 cm, b=6 cm, c=5 777 
cm, with a mass of 0.314 kg; a Reference Organism for a freshwater mollusc can be described 778 
as a=10 cm, b=4.5 cm, c=3 cm, with a mass of 0.0164 kg. 779 

 780 
Figure 7: Nomenclature for Reference Organism dimensions. 781 

Published reference organism dimension and mass data 782 

Dimension data for certain terrestrial and aquatic organisms (fresh water and marine) have 783 
been published in ICRP (2008) and are provided below for convenience (Table 2).  However, the 784 
ICRP list is highly general, and may be biased toward organisms inhabiting northern 785 
hemisphere ecosystems.  Their use in Australia should be accompanied by an evaluation and 786 
justification of their applicability to the evaluation area.    787 

Australian-specific data  788 

A process of selecting and performing dosimetric modelling and effects studies on a list of 789 
Australian-specific Reference Organisms has not yet been performed.  However, as suggested 790 
above, the dimensions, masses and radionuclide transfer parameters for Australian plants and 791 
animals may be entered into available codes that have ‘new organism’ (user-defined) capability 792 
with care to make protective (conservative) representations.  The following ellipsoid 793 
dimensions and masses are suggested for a range of typical Australian organisms (see Table 3). 794 
  795 

796 

c 

a 

b 
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Table 2. Some standard reference organism geometries including ICRP reference animals 797 
and plants (see Ulanovsky and Prohl, 2008 for additional organisms) 798 

* Dimensions represent the axes of ellipsoids 799 
 800 

801 

Organism name Reference organisms  

(examples) 

Reference Animals 
and Plants 

Habitat Dimensions* 

(cm) 

Mass (kg) 

Terrestrial     

Insect, small Detritivorous invertebrate 
(woodlouse) 

 In soil, on soil 1.74 × 0.61 × 0.31 1.70 × 10-4 

Insect - Bee On soil 2 × 0.75 × 0.75 5.89 × 10-4 
Lichen Lichen and bryophytes (bryophyte)  On soil 4.0 × 0.23 × 0.23 1.10 × 10-4 
Gastropod Gastropod (snail)  In soil, on soil 1.88 × 1.54 × 0.93  1.40 × 10-3 
Grass Grasses and herbs (wild grass) Wild grass On soil 5 × 1 × 1 2.62 × 10-3 
Earthworm Soil invertebrate (earthworm) Earthworm In soil 10 × 1 × 1 5.24 × 10-3 
Amphibian Amphibian (frog) Frog In water, in soil, on soil 8 × 3 × 2.5 3.14 × 10-2 
Bird egg Bird egg (duck egg)  Duck egg On soil 6 × 4 × 4 5.03 × 10-2 
Burrowing mammal Burrowing or small mammal (rat) Rat In soil, on soil 20 × 6 × 5 0.314 
Reptile Reptile (snake)  In soil, on soil 116 × 3.5 × 3.5 0.744 
Wading bird Wading bird (duck) Duck In water, on soil, in air 30 × 10 × 8 1.26 
Large mammal Large mammal (deer) Deer On soil 130 × 60 × 60 245 
Tree  Tree (pine tree) Pine tree On soil 1000 × 30 × 30 471 
Shrub Shrub  On soil - - 

Aquatic (marine)     

Phytoplankton Phytoplankton  In water  0.005 × 0.005 × 0.005 6.54 × 10-11 
Zooplankton Zooplankton  In water  0.62 × 0.61 × 0.31 6.14 × 10-5 
Anemone Sea anemones/true corals  In water  1.5 × 1.5 × 1.5 1.77 × 10-3 
Algae Macroalgae Brown seaweed In water  50 × 0.5 × 0.5 6.54 × 10-3 
Mollusc Benthic mollusc  In water  5 × 2.5 × 2.5 1.64 × 10-2 
Worm Polychaete worm  In water  23 × 1.2 × 1.2 1.73 × 10-2 
Plant Vascular plant  In water  9.29 × 2.32 × 2.32 2.62 × 10-2 
Pelagic fish Pelagic fish  In water  30 × 6 × 6 0.565 
Crab Crustacean Crab In water  20 × 12 × 6 0.754 
Benthic fish Benthic fish (flatfish) Flat fish In water  40 × 25 × 2.5 1.31 
Reptile Reptile (marine turtle)  In water  85 × 39 × 80 139 
Mammal Mammal (dolphin)  In water  180 × 44 × 44 182 

Aquatic (freshwater)     

Phytoplankton Phytoplankton  In water  0.008 × 0.0007 × 0.0007 2.05 × 10-12 
Zooplankton Zooplankton  In water  0.2 × 0.14 × 0.16 2.35 × 10-6 
Crustacean Crustacean  In water  1 × 0.3 × 0.1 1.57 × 10-5 
Insect Iarvae Insect Iarvae  In water  1.5 × 0.15 × 0.15 1.77 × 10-5 
Plant Vascular plant  In water  100 × 0.1 × 0.2 1.05 × 10-3 
Gastropod Gastropod  In water  3 × 1.5 × 1.5 3.53 × 10-3 
Mollusc Bivalve mollusc  In water  10 × 4.5 × 3 7.07 × 10-2 
Pelagic fish Pelagic fish (trout) Salmonid/trout In water  50 × 8 × 6 1.26 
Benthic fish Benthic fish  In water  50 × 8 × 7 1.47 
Mammal Mammal (muskrat)  In water  33 × 15 × 15 3.90 
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Table 3. Suggested dimensions and masses of some Australian organisms (a,b,c, in cm; mass 801 
in kg). Site-specific data should be used in preference (where possible). 802 

Organism  a 
(cm) 

b 
(cm) 

c 
(cm) 

Mass 
(kg) 

Eastern Grey Kangaroo Macropus gigantus 84 40 40 70 

short beaked echidna Tachyglossus aculeatus 37 18 13 4.5 

lace monitor Varanus varius 70 16 14 8.2 

swamp wallaby Wallabia bicolor 60 24 20 15 

water buffalo Bubalus bubalis 250 90 90 1060 

central netted dragon Ctenophorus nuchalis 11 3 2 0.03 

Australian raven Corvus coronoides 21 8 7 0.6 

European red fox Vulpes vulpes 58 16 16 7.7 

emu Dromaius novaehollandiae 70 36 38 50 

brown Snake Pseudonaja textilis 180 2.5 2.5 0.5 

A.2 Representative organisms  803 

In evaluating doses to biota at a site, it is usually impractical to calculate dose for each of the 804 
numerous diverse plants and animals that may inhabit, or use the site.  Instead, a set of 805 
Representative Organisms is chosen which have characteristics, and perform ecological 806 
functions, that are representative of the range of diverse organisms present.  Selection of 807 
Representative Organisms is a critical step in a wildlife dose evaluation and consideration 808 
should be given to performing consultation with the interested parties prior to progressing 809 
through the evaluation, to gain the benefit of their knowledge on the ecological significance of 810 
site organisms.  Care should also be taken to avoid undue human bias – all affected organisms 811 
should be considered, not only those which humans can utilise, see or consider attractive in 812 
some way.  813 

Considerations for selecting representative organisms 814 

Prior to selecting Representative Organisms, a sufficient biological survey may be undertaken 815 
to document the range of organisms present at a site. Note that sampling difficulty may impart 816 
a bias in which species are detected. Survey methods9 may include: 817 

• camera observation surveys, 818 

• plot, transect surveys, 819 

• capture-release assessments, 820 

• audio call-response surveys, 821 
                                                 
9  The appropriate Animal Care/Wildlife Ethics Approvals are required before performing biological survey 

work.  Data collection activities need to take account of the ethical justification for sampling of each 
wildlife group and meet with all applicable regulations regarding animal care and wildlife study.  The use 
of non-lethal sampling and monitoring strategies are preferred. 
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• remote imaging vegetation surveys, 822 

• consultation with site residents and workers, 823 

• accessing previous biological surveys. 824 

When selecting a set of Representative Organisms from the plants and animals inhabiting or 825 
using a site, special consideration should be given to organisms which:  826 

• live in or pass through the evaluation area and utilise the vegetation, soils, water and 827 
other media being considered; 828 

• have higher potential for exposure to radionuclides due to their behaviours (for example, 829 
burrowing terrestrial animals may penetrate waste areas, benthic aquatic feeders may 830 
uptake more radionuclides associated with sediments); rodents may live in the wetlands 831 
that receive regular industrial discharges. 832 

• have higher sensitivity to ionising radiation (for example, mammals and other vertebrates 833 
are generally more radiosensitive than invertebrates); 834 

• have importance to the function and structure of the ecosystem under consideration;  835 

• have smaller home ranges, which are generally preferred over those which may range or 836 
migrate off site; 837 

• have special ecological significance, are threatened or endangered;   838 

• are persistent in the system across the natural range of environmental conditions (e.g. 839 
drought/flood, summer/winter). 840 

Consideration should be given as to whether existing information on physical attributes, 841 
feeding and sheltering behaviours, etc. is available for an organism.  Selection of a particular 842 
organism for a radiological-dose study may provide for integration with other studies (e.g., 843 
habitat assessment, ecotoxicological evaluation). 844 

Any limitations specific to an organism should be considered.  Consideration of sensitive or 845 
threatened species may limit field study opportunities. 846 

Consideration should be given as to how well the set of Representative Organisms adequately 847 
describe the diversity of organisms at the evaluation area, including ecological functions, 848 
trophic levels, and phylogenetic diversity.  These factors also help determine the number of 849 
Representative Organisms selected for analysis within the environment under consideration.  850 
This number will vary, depending on the physical nature of each site, and the purposes of the 851 
studies being performed.  Where, for example, the radionuclide concentrations at a site are 852 
very low, and a simple screening is desired to see if site doses may affect living organisms, a 853 
small number of the most radio-sensitive organisms could be selected for the initial screening.  854 
If, however, site concentrations are elevated, or may become elevated in the future due to 855 
planned operations, a more numerous set of Representative Organisms is appropriate.  856 
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A.3 Selecting data 857 

Transfer of radionuclides to living organisms is highly influenced by environmental conditions 858 
such as climate, vegetation type, and soil and water chemistry. Since these conditions can 859 
change from one location to another, site-specific data should be used where possible. If site-860 
specific sampling cannot be accomplished (on a protected species for example), a number of 861 
approaches to overcome the lack of data are described below. However, this does not 862 
necessarily mean that these alternate approaches have been rigorously tested, or that their 863 
use provides valid outcomes. A principle of conservatism (i.e., err on the side of protection to 864 
the biota) is appropriate when information is scarce, or lacking.  If an alternative approach is 865 
used, justification for the approach and the adequate support for the resultant outcomes 866 
should be provided.   867 

Using pre-existing data  868 

The Wildlife Transfer Parameter Database (WTD) (http://www.wildlifetransferdatabase.org/) 869 
has been established for use in environmental radiological assessments to estimate the 870 
transfer (CRWO-media) of radionuclides to non-human biota (i.e. ‘wildlife’). In addition to 871 
aiding the IAEA in the production of a TRS handbook on wildlife transfer coefficients (Howard 872 
et al. 2013) the WTD is also providing data for derivation of transfer parameter values for the 873 
ICRPs list of RAPs. As noted above the database was initially populated with the default CR 874 
values from the ERICA Tool. During 2010-13 significant amounts of additional data have been 875 
contributed to the WTD by numerous organisations and individuals, including Australian 876 
sources. Published Australian-specific CR data are generally sparse. Australian terrestrial 877 
wildlife and livestock data were reviewed in Johansen and Twining (2010) although most data 878 
are for muscle alone and would need to be converted to whole-organism using, for example, 879 
Yankovich et al. (2010).  880 

Addressing data gaps 881 

General values based on organism type 882 

Key Sources which provide meta-data summaries of concentration ratios for various organism 883 
types include   884 

• The Wildlife Transfer Parameter Database (http://www.wildlifetransferdatabase.org/).  885 

• International Atomic Energy Agency, Technical Report Series (TRS) Handbook on transfer 886 
of radionuclides to Wildlife (in press; for a description see Howard, 2013). 887 

• International Atomic Energy Agency, Handbook of Parameter Values for the Prediction of 888 
Radionuclide Transfer in Terrestrial and Freshwater Environments (IAEA, 2010). 889 

• International Atomic Energy Agency, Quantification of Radionuclide Transfer in Terrestrial 890 
and Freshwater Environments for Radiological Assessments (IAEA, 2009). 891 

Caution is needed when proposing the use of general values with regards to the following: 892 

• General CRwo-media values can reflect the conditions of one, or a few, dominant data sources 893 
which may be substantially different than at the Australian site. 894 

http://www.wildlifetransferdatabase.org/
http://www.wildlifetransferdatabase.org/
http://www.wildlifetransferdatabase.org/
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• Some general CRwo-media values do not have clear documentation regarding important 895 
factors such as whether or not the gastrointestinal tract was included or excluded, 896 
whether the organism was washed or unwashed prior to analysis, life cycle phase, or other 897 
key information.    898 

Information on sampling of biota in order to increase available data is provided in Annex B. 899 

Surrogate organisms 900 

Published values for surrogate organisms, defined by factors such as taxonomy, physiology, 901 
trophic level may be considered.  For example, possible surrogates include benthic feeding fish 902 
for a piscivorous fish, or a detritivorous arthropod value for an arachnid.  903 

Note that the surrogates in the above examples provide protective (conservative) values (e.g., 904 
an benthic fish typically has higher radionuclide burdens than a piscivorous fish).   905 

Biogeochemical analogues and ionic potential  906 

Biogeochemical analogues are elements which are assumed to have the same general 907 
behaviour under similar environmental/biological conditions (a simple example is caesium and 908 
potassium ions in water systems). The similarity can be used to identify CRwo-media values for 909 
missing data. For instance, if a Cm CRwo-media value for a given organism is missing, available 910 
CRwo-media values for Pu and Am for that organism might provide a reasonable substitute.  911 

Data from a similar ecosystem 912 

If data are lacking for an organism-radionuclide combination in a given ecosystem then 913 
available CRwo-media values from a similar ecosystem could be applied. However, this approach 914 
should be used with caution as, for example, the CRwo-media values for freshwater and marine 915 
systems can vary greatly.  The approach should only be used to provide CRwo-media values for 916 
aquatic brackish ecosystem by assuming values from the marine environment and vice-versa. 917 
Freshwater CR values are generally higher than the marine equivalents due to the lower 918 
dissolved salt levels to compete for biological uptake. 919 

Allometry 920 

The dependence of a biological variable, Y, on a body mass, M, has been typically characterised 921 
by allometric equations of the form: Y = aMb. Radioecological transfer parameters for 922 
terrestrial and marine animals for a limited number of radionuclides have been shown to fit 923 
such allometric relationships. Application of these relationships requires suitable dietary intake 924 
values, often also derived allometrically. Obtaining the valid dietary intake values necessary 925 
may require extensive effort including site-specific, or laboratory studies. Any allometric-based 926 
modelling would require thorough documentation. More information on the derivation and 927 
justification of allometric methods can be found in Higley and Bytwerk (2007) and USDOE 928 
(2002). 929 
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Approaches to gap filling in available model software 930 

The existence of gaps in CR data has been an issue during development of biota dose 931 
assessment software codes, and each code has provided a range of options for estimating CRs 932 
when no site-specific data are available.  An example is provided here for a currently available 933 
code: 934 

ERICA Tool gap-filling hierarchy 935 

(1) Use an available CR value for an organism of similar taxonomy within that ecosystem 936 
for the radionuclide under assessment (preferred option). 937 

(2) Use an available CR value for a similar reference organism (preferred option). 938 
(3) Use CR values recommended in previous reviews or derive them from previously 939 

published reviews (preferred option). 940 
(4) Use specific activity models for 3H and 14C (preferred option). 941 
(5) Use an available CR value for the given reference organism for an element of similar 942 

biogeochemistry. 943 
(6) Use an available CR value for biogeochemically similar elements for organisms of 944 

similar taxonomy. 945 
(7) Use an available CR value for biogeochemically similar elements available for a similar 946 

reference organism. 947 
(8) Use allometric relationships, or other modelling approaches, to derive appropriate 948 

CRs. 949 
(9) Assume the highest available CR (least preferred option). 950 
(10) Use a CR or Kd for appropriate reference organism from another ecosystem (least 951 

preferred option; aquatic ecosystems only). 952 

The above alternatives have been assessed and discussed in a paper entitled: Approaches to 953 
providing missing transfer parameter values in the ERICA Tool – how well do they work? (Brown 954 
et al., 2012) 955 

956 
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Annex B Guidance on field sampling to support environmental 957 
dose assessments  958 

 959 
This Annex provides guidance on some approaches for field sampling of wildlife and 960 
environmental media.  The guidance is not intended to be prescriptive, or to provide for all 961 
contingencies.  The overarching guiding principle is that the field sampling should be conducted 962 
in a manner that fairly represents conditions at the site being assessed.  963 

B.1 Guidance on defining the evaluation area 964 

The general approach to define the evaluation area is to:  965 

• Delineate the area(s) of contamination; and 966 

• Overlay the habitats of the representative organisms. 967 

The area that encompasses both the contaminated area and the biota habitat is then 968 
considered for evaluation.  If the area of contamination and the area of habitat do not overlap, 969 
then exposure is unlikely. This approach helps to avoid the problem of choosing an area that is 970 
too large (i.e. the contaminated area is only one very small portion of the entire site) in which 971 
case the averaging of soil samples would underrepresent the contaminated area.  It also helps 972 
to avoid selecting an area that is too small and which may miss areas used by a foraging 973 
species.  When evaluating existing sites, the area of contamination can sometimes be obtained 974 
from existing sampling results.  In the case of a prospective assessment for a planned situation, 975 
potentially contaminated areas should be considered (e.g. future locations of waste piles, 976 
watercourses that may be impacted).    977 

In general, the principle of susceptibility should be followed in which the boundaries of the 978 
evaluation area should fairly consider how flora and fauna may be exposed to contamination 979 
as they follow routine habitats at a site.   These habits may include multiple pathways of 980 
exposure and may include potential for mobile fauna to use more than one discrete 981 
contaminated area.  982 

B.2 Guidance on spatial and temporal averaging of samples and data 983 

Environmental exposures can vary over time depending on the physical half-life of the 984 
radionuclides in question, and on the ecological half-life which depends on such factors as 985 
dispersion, dilution, water turnover, and chemical transformations.  Screening levels and 986 
environmental reference values The dose limits for wildlife are typically expressed as dose 987 
rates in units of microGray per hour (µGy h-1) or milliGray per day (mGy d-1).  However, 988 
reference values are not intended to be applied on each day of exposure, rather dose 989 
considerations are for longer periods of time, often over the lifespan of the environmental 990 
receptors.  The reference values are intended to provide protection of populations, not 991 
individuals, thus time averaging was inherent in their development.  992 
In practise, the soil and water data used should represent longer-term exposure conditions on 993 
the order of one year for most organisms, although this may vary depending on the organism 994 
lifespan and reproduction rate.  A correction factor for organism residence time on the 995 
contaminated area (sometimes called an occupancy factor) may be applied to account for 996 
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intermittent exposure (e.g. diurnal foraging, seasonal usage, or in the case of fish the amount 997 
of time spent in contact with contaminated sediments). 998 

Environmental exposures can also vary spatially depending on the variation of contamination 999 
levels across the site.  Applying a rational spatial averaging technique to the media (i.e. soil or 1000 
water) concentration data used in a biota dose evaluation is generally appropriate.  However 1001 
the particular averaging approach must be suitable and justified for the site. 1002 

The following are suggested approaches: 1003 

• For judging demonstration of protection some degree of conservatism (protectiveness) is 1004 
warranted.  It would be appropriate to select soil/water concentrations toward the upper 1005 
end of the range of measured values at the site.  This is consistent with standard screening 1006 
approaches (e.g. ERICA integrated approach in which the maximum concentrations are 1007 
first used.   If compliance can be demonstrated with above-average, or even maximum 1008 
values, then confidence is provided to the regulatory authority and other stakeholders 1009 
that the evaluation demonstrates a protective approach.  1010 

 1011 
• In instances where use of the above-average or maximum values does not give a clearly 1012 

protective result, a mean or averaging approach can be pursued.  In these instances, 1013 
sufficient sampling data are needed to determine the mean, but also that the variation 1014 
from the mean is acceptable.  Where contamination data are comprehensive, it should be 1015 
possible to confidently determine the statistical distribution of the data, the mean or 1016 
median, and the variation.  The total variation should include both real-world variation 1017 
(e.g. from heterogeneous contamination) and statistical uncertainty (e.g. from sampling 1018 
bias). Compliance can be demonstrated using the mean + variation. The level of variation 1019 
applied can be stated in terms of confidence (e.g., 75% confidence, 95% confidence).  If 1020 
the variation is large, the analysis may result in over-predicting dose rates (i.e. a false 1021 
positive).  In this case, additional data on contaminant levels can be collected which may 1022 
reduce uncertainty.   1023 

In the above approaches, practitioners should avoid assuming that data are normally 1024 
distributed (i.e. should avoid automatically using the normal distribution statistics such as 1025 
arithmetic mean and standard deviation).  Environmental contamination data are more likely 1026 
to be distributed lognormally than normally (both spatially and temporally).  Assuming a 1027 
normal distribution will likely overestimate the mean in most cases. Further guidance on 1028 
application of data distributions in environmental radiological assessments is given in Wood et 1029 
al. (2013).       1030 

B.3 Guidance on environmental media sampling 1031 

In general, the soil and water data used for assessment should represent the real-world 1032 
exposure conditions.  For plants, the root depth is important for determining the amount of 1033 
radionuclides transferred from the soil to plant tissues.  Soil sampled from too shallow, or too 1034 
deep of depths may not represent the exposure pathway well.  Most of the standardised 1035 
concentration ratio data are based on a generic soil sampling depth of 0-10 cm. In cases where 1036 
the standard does not match well with exposure conditions at a site, site-specific sampling 1037 
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should be performed.  A similar approach should be adopted for water. For fish, a water 1038 
sample taken at the surface may not represent the exposure to a benthic species.  Site specific 1039 
sampling is most representative when it is targeted to the relevant pathways of exposure to 1040 
the representative organisms.  1041 

Sample locations should be chosen to best align with potential exposure to site organisms.  In 1042 
practice, the evaluation of environmental dose should present discussion on the likely 1043 
exposure pathway of each representative species being evaluated and demonstrate that site 1044 
sampling data cover these pathways.      1045 

When establishing concentrations ratios  for a site, the soil or water is sampled along with the 1046 
biota to determine site-specific biota-to-soil ratios.  In this case, the soil and water samples 1047 
should be taken at locations that represent the exposures to the specific biota that were also 1048 
sampled.  For plants, this is easily accomplished by for example, gathering a branch from a 1049 
shrub then taking multiple (e.g. four or more) soil samples around the same shrub at the 1050 
appropriate root depth.   For animals, the soil or water samples should be taken from the 1051 
foraging area of the sampled biota which can be established through camera surveys, expert 1052 
advice, or similar means (see below for more discussion on sampling design).     1053 

B.4 Guidance on biota sampling 1054 

A scheme for general planning for biota sampling is presented in Figure 8.  The selection of 1055 
representative organisms for sampling has been discussed elsewhere in this Safety Guide.  Two 1056 
general considerations are worth noting.  First receptors with small home ranges relative to the 1057 
defined contamination area are preferred because they will be more exposed than would be 1058 
wide-ranging and migratory receptors.  Second contaminants are often localised in particular 1059 
media (e.g. caesium in soil, tritium in water).  Receptors with behaviours that increase their 1060 
contact with those media should be preferred.  For example, bottom-feeding fish may 1061 
accumulate more caesium than surface feeding fish.   1062 
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 1063 
Figure 8.  Conceptual diagram for design and collection of field samples in support of 1064 
environmental dose assessments.  1065 
 1066 

Special considerations for biota sampling 1067 

Consideration of animal care and ethics is essential to planning of biota sampling.  In Australia, 1068 
the states and territories regulate scientific study of flora and fauna.  Each state and territory 1069 
has specific requirements that may include permits for handling or gathering wildlife samples.  1070 
These permits typically require the study participants to demonstrate consideration of ethical 1071 
standards in justifying sampling, and to demonstrate adequate methods, knowledge, and 1072 
training level in animal capture, handling, and release or euthanasia.  1073 

In  Australia, an animal that falls under permit approval is defined as : any live non-human 1074 
vertebrate (that is , fish, amphibians, reptiles, birds and mammals encompassing domestic 1075 
animals, purpose-bred animals, livestock, wildlife) and cephalopods.   For further information, 1076 
see The Australian Code for the Care and Use of Animal for Scientific Purposes 8th Edition 2013  1077 
published by the National Health and Medical Research Council, Australian Government.    1078 

Many wild animals can serve as vectors for parasites and pathogens that are communicable to 1079 
humans. These include ticks, mites, viruses, and bacteria.  Anyone involved in collection and 1080 
handling of wildlife may be exposed. Similarly, the various habitats being sampled may provide 1081 
their own risks (toxins, trips, slips, falls, immersion, dehydration, exposure etc).  Adequate 1082 
safety measures must be in place including appropriate training by personnel, appropriate 1083 
methods and personal protective equipment as well as any necessary vaccinations.  A 1084 
laboratory or premises for processing animal samples may also need to meet certain standards 1085 
in terms of its design.    1086 
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Sampling design 1087 

A comprehensive discussion on the design of sampling schemes is beyond the scope of this 1088 
document.  We present here some key points to be considered in designing biota sampling 1089 
plans.   1090 

As discussed above, when establishing site-specific concentrations ratios (CRs) for a site, the 1091 
soil or water should be sampled along with the biota.  The soil and water samples should 1092 
represent the spatial and temporal scale of exposures to the specific biota that were sampled.  1093 
This will generally require multiple samples, particularly for soils, as environmental 1094 
contamination typically varies from location to location even over short (i.e. metre) scales.  In 1095 
practice taking one, or a few, soil samples per organism sample will be insufficient.  The 1096 
sampling scheme may be random within the exposure area, or follow a stratified random or 1097 
systematic scheme.  Random sampling is generally employed when little information exists 1098 
concerning the contamination at the site.  Stratified random sampling involves the division of 1099 
the sample area into strata based on knowledge of the site, and then random samples are 1100 
taken within the strata.  Systematic sampling involves the collection of samples at regular 1101 
spatial or temporal intervals.  In many situations, access to some sites and/or collection of 1102 
some biota may be impractical. There is no one system that is best for all situations and the 1103 
approach should be chosen such that the gathered sample data are representative of the 1104 
exposure of the biota. 1105 

 In addition to sampling of contaminated areas, an appropriate control site should also be 1106 
sampled.  The general concept of a control site is a site that is similar to the principle location 1107 
in question, but lacks the contamination of concern.  It therefore provides a basis for 1108 
determining the impact of the contamination above natural or ambient background (which 1109 
contains natural or man-made contamination).   The data from the control site are used to 1110 
calculate an ambient or background dose rate.  Such a dose rate ensures that the site-related 1111 
dose rates represent an actual increase in exposure.   This is generally useful to separate site-1112 
related impacts from natural or ambient impacts and is particularly relevant during a 1113 
remediation action where typically the site is not remediated to levels lower than natural 1114 
background. It is particularly useful to provide adequate sampling of any area that is likely to 1115 
be exposed to any activity before that exposure commences. Such sampling would provide the 1116 
best control/reference levels for later comparisons.    1117 

Sampling methods 1118 

A wide variety of methods are available for collecting biota samples.  Some common examples 1119 
are provided below, many of which involve trapping of wild animals. All trapping methods 1120 
require careful consideration of, and adherence to, the animal care and ethics permit obtained 1121 
for the study. Some considerations include: how often and at what times to check traps; 1122 
prevention of trapped animals becoming prey through use of sheltering containers within the 1123 
trap; prevention of aggression among trapped animals; closure of traps during high 1124 
temperatures; whether or not to provide water and food in the trap (food may affect 1125 
subsequent gut content analysis); handling methods of trapped animals to minimise stress; 1126 
optimal release of non-target animals; release of hazardous/venomous animals; and ultimate 1127 
closure and removal of traps. 1128 
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When considering sample collection methods, the potential use of non-lethal methods should 1129 
be considered first.  These methods include use of: 1130 

• Already reported values 1131 
• Hair, blood, faeces, scales, fin clips, ear punctures, or other non-lethal samples 1132 
• Found bones, exoskeletons, or naturally deceased carcasses from the site 1133 
• parasites  1134 

Also, in cases where population dymanics are considered, it is important to measure the 1135 
collection efficiency per unit time or effort to facilitate comparisons. 1136 
 1137 
Aquatic Biota 1138 

• Benthic Invertebrates 1139 
Kick sampling is a sample method used in running waters.  A net is placed against the 1140 
streambed, and the substrate upstream of the mouth of the net is agitated for a 1141 
defined time period to suspend the organisms, which are then washed into the net by 1142 
the current. While this method is easy, the exact area sampled is undefined; therefore, 1143 
it is unsuitable when quantifying sample mass per sediment area. When quantitative 1144 
samples from running water are needed, Surber samplers should be used. Surber 1145 
samplers consist of a frame with an attached net. The frame is placed on the 1146 
streambed, the substrate within the frame is disturbed and rocks and other debris are 1147 
rubbed to dislodge invertebrates.  Water current carries invertebrates into the 1148 
sampling net. 1149 

Core samplers may be employed in both shallow and deep water.  They consist of a 1150 
metal or plastic tube which is inserted into the substrate.  When the tube is removed, 1151 
samples of both the substrate and organisms are obtained. The samples are then 1152 
washed in a sieve and the organisms are removed from the remaining sample debris.  1153 
Core samplers are inappropriate for loose or unconsolidated sediment, sand, or gravel.  1154 

Grab samplers such as the Ekman, Petersen, Ponar, and Smith-Mcintyre samplers may 1155 
be used to collect organisms from deep-water habitats.  These devices engulf a portion 1156 
of substrate (and its associated organisms), which is then hauled to the surface for 1157 
processing. 1158 

Organisms are separated from the sample material by washing the substrate in a box 1159 
screen. Grab samplers are generally easy to use and are suitable for a variety of water 1160 
depths.  Depth of sediment penetration may vary with sediment type and rocks or 1161 
other obstructions may prevent complete closure, resulting in partial sample loss.  1162 
Because grab samplers tend to produce large samples, the processing effort may be 1163 
considerable. 1164 

Large crustaceans can often be captured using traps or nets (see Fish below). 1165 
 1166 

• Fish 1167 
Sampling techniques for fish include electrofishing, nets, or traps.  Selection of the 1168 
appropriate method will depend on the species of interest and the type of aquatic 1169 
system being sampled. 1170 
 1171 
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In electrofishing, an electric current is employed to stun fish, which are then captured 1172 
with a net. Electrofishing is effective for both juveniles and adults of most species and 1173 
for sampling structurally complex habitats.  It also efficiently samples large areas in a 1174 
relatively limited time while capturing a large percentage of individuals within an area. 1175 
 Numerous studies indicate that under proper conditions, electrofishing can be the 1176 
most effective sampling technique. Disadvantages include potential mortality; low 1177 
efficacy for benthic or deep water species, for very low- or high-conductivity water, 1178 
and for turbid water; and potential hazards to users.  1179 
 1180 
A wide variety of nets and traps are used to sample fish populations.  Two basic types 1181 
exist: nets that snag or entangle fish, and traps or net arrangements that provide a 1182 
holding area into which fish are enticed.  The most common entanglement nets are gill 1183 
nets and trammel nets that use an open mesh through which fish attempt to swim.  Gill 1184 
nets are generally more effective in turbid water and areas without snags and are 1185 
effective for sampling deep areas not accessible by other techniques.  Gill nets are also 1186 
highly effective for a variety of larger fish sizes (depending on mesh size used) and for 1187 
fast swimming or schooling species.  Consideration should be given to the use of 1188 
floating or sinking nets to sample pelagic or benthic species. Disadvantages of nets 1189 
include potential injury or mortality of snagged fish, the ability of any one gill net mesh 1190 
size to sample only a limited size of fish, the capture of non-target species at high rates 1191 
(with the resulting increase in sampling time and total mortality), low success for fish 1192 
species with low mobility (e.g., sunfish), and highly variable results. Care should also be 1193 
given to the size of the net in relation to the habitat. For example, netting a pond will 1194 
be more efficient than netting a large lake or river. 1195 
 1196 
Stationary fish traps include fyke nets, hoop nets, trap nets, and pot gear (e.g., slat 1197 
baskets and minnow traps).  All of these devices work by allowing the movement of the 1198 
fish to take them through a small opening into a larger holding area.  Stationary traps 1199 
are available in small (minnow traps) to large (fyke nets) sizes, allowing multiple 1200 
species and life stages to be sampled.  Because fish remain alive while in the trap, they 1201 
do not need to be checked as frequently as entanglement nets.  Stationary traps are 1202 
effective for cover-seeking species or benthic species.  Disadvantages of these traps are 1203 
that they are not equally effective for all species and that catch rates are susceptible to 1204 
changes in temperature and turbidity.   1205 
 1206 

• Amphibians and Reptiles 1207 
 1208 
Amphibians and reptiles often have special protection status.  Methods selected to 1209 
sample reptiles and amphibians will vary depending on the type of habitat, time of 1210 
year, weather conditions, and age of target species. Representative techniques for 1211 
sampling reptiles and amphibians in aquatic and terrestrial habitats include 1212 
opportunistic collection by hand, nets and traps, electrofishing, and seines.  1213 
 1214 
Opportunistic collection consists of searching suitable habitats for species of interest. 1215 
Once found, individuals are collected by hand, net, or other devices that may facilitate 1216 
immobilizing individuals. Numerous types of nets and traps are available for sampling 1217 
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herpetofauna.  To prevent inadvertent mortality from trapping, traps should be 1218 
checked often at specified times to reduce stress to animals and to provide for release 1219 
of non-target animals inacceptable conditions (e.g., dawn, dusk, etc.)  Aquatic traps 1220 
should be set partially above the water line to permit the captured organisms to 1221 
breathe. 1222 
 1223 

Terrestrial Biota 1224 
• Plants 1225 

Collecting plant material for analysis is a simple procedure.  After plants of the 1226 
appropriate species are identified in accordance with a suitable sampling design, they 1227 
may be sampled either as whole organisms (roots plus aboveground parts) or as 1228 
discrete parts (roots, foliage, seeds, fruit, etc.).  Samples may be collected by stripping 1229 
or breaking parts from the plant, by cutting plant parts with shears, or by digging up 1230 
plants with a spade.  Height may constrain tree sampling. Bark samples or trunk cores 1231 
may be considered under those circumstances. 1232 
Note that leaves and other aerial plant parts can be contaminated directly by 1233 
deposition rather than by root uptake if contamination has at atmospheric vector. 1234 
Surface washing may be a means of determining if this vector is occurring. 1235 
 1236 

• Mammals 1237 
Numerous methods are available for collecting mammals.  Suitable methods vary by 1238 
species and habitat, with multiple methods often being suitable for the same species. 1239 
Small mammals, primarily within the orders Rodentia, and lnsectivora, are the taxa 1240 
most commonly collected.  This is because they are often assessment endpoints 1241 
themselves, important food items for predatory endpoints, and more likely to be 1242 
present in sufficient numbers than larger mammals.  Methods discussed will, 1243 
therefore, focus on these taxa.   1244 
 1245 
Small mammals are generally collected by one of three methods: snap traps, box traps, 1246 
or pitfall traps.   1247 
 1248 
Box traps are the most effective method for capturing small mammals unharmed. The 1249 
use of box traps allows the selection of species of interest and the release of non- 1250 
target species.  Box traps are typically metal or wooden boxes with openings at one or 1251 
both ends and a baited trip pan. Animals are captured when they contact the trip pan, 1252 
causing spring-loaded doors to close.  The type and size of the trap, ambient conditions 1253 
at the trapping site, and body size of animals to be trapped all influence trapping 1254 
success.  1255 
 1256 
Pitfall traps consist of a container buried into the ground so that its rim is flush with the 1257 
surface. Animals are captured when they fall into the container.  Success rates for 1258 
pitfall traps may be dramatically increased by employing drift fences.  Drift fences are 1259 
barriers of metal, plastic, fiberglass, or wood that direct small mammals into the pitfall 1260 
trap. Pitfall traps should be at least 40 cm deep to prevent small mammals from 1261 
jumping out. 1262 
 1263 



 

 
42 

 Radiation Protection Series 
 Radiation Protection of the Environment  
 Safety Guide SG-1 (Public Consultation Draft – Sept 2014) 

Snap traps are the familiar "mouse trap," consisting of a spring-powered metal bale 1264 
that is released when the animal contacts the baited trigger pan. These traps are lethal 1265 
and in most cases would not be used due to their indiscriminate lethality.  1266 
 1267 
Trapping efficiency improves with use of baits, which depend on the species sought.  1268 
Generally, peanut butter and oats or other seeds are effective in box and snap traps for 1269 
most granivorous or omnivorous small mammals.  Pitfall traps do not need to be 1270 
baited because small mammals simply fall into the buried container, but may benefit 1271 
from bait smeared on the side of the container.  1272 
 1273 
Trapping success is generally enhanced if traps are set but locked open within the 1274 
sampling area for several days prior to trapping.  This allows the animals to acclimatize 1275 
to the presence of the traps.  Traps should be placed at habitat features favoured by or 1276 
indicative of small mammals, e.g., logs, trees, runways, burrow entrances, dropping 1277 
piles, etc.  In addition, sampling must be appropriately distributed with respect to the 1278 
distributions and locations where media are sampled. 1279 
 1280 

• Birds 1281 
Methods for collecting birds include baited traps, cannon nets, mist nets, drive and 1282 
drift traps, decoy and enticement lures, and nest traps.  Methods employed depend 1283 
upon the species to be sampled.   1284 
 1285 
Baited traps are most useful for gregarious, seed-eating birds. In their simplest form, a 1286 
wire- mesh box is supported at one side by a stick over bait (generally seeds or grain).  1287 
Once birds enter the box to feed on the seeds, the operator pulls a string attached to 1288 
the support stick, the box falls, and the birds are entrapped.  Other types of baited 1289 
traps include funnel or ladder traps.  These traps are designed with entrances through 1290 
which birds can easily enter but not easily exit. 1291 
 1292 
Cannon nets may be used for birds that are too wary to enter traps. Cannon nets 1293 
consist of a large, light net that is carried over baited birds by mortars or rockets.  In 1294 
use, nets are laid out and baited for 1 to2 weeks to allow the birds to become 1295 
acclimated to the net and bait.  Once birds make regular use of the bait, the trap may 1296 
be deployed. Mist netting is a method useful for some species that are not attracted to 1297 
bait.  This method may be used for birds as large as ducks, hawks, or pheasant but is 1298 
most applicable to passerines and other birds under -200 g.  Mist nets are constructed 1299 
from fine black silk or nylon fibres; the nets are usually 0.9 to 2.1 m wide by 9.0 to 11.6 1300 
m long, attached to a cord frame with horizontal crossbraces. The net is attached to 1301 
poles at either end such that the crossbraces are tight but the net is loose. The loose 1302 
net hangs down below the shelf strings, forming pockets.  When the net is properly 1303 
deployed, birds (or bats) strike the net and become entangled in the net pocket.  Mist 1304 
nets may be employed passively or actively.  In a passive deployment, nets are set 1305 
across flight corridors and birds are caught as they fly by.  For an active deployment, a 1306 
group of nets is set and birds are driven toward the nets. Another effective approach is 1307 
to use recorded calls of conspecifics or distress calls to attract birds to the net. 1308 
 1309 
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Nest traps are useful to capture birds at the nest for reproductive studies.  For ground-1310 
nesting birds, drop nets erected over the nest are sometimes effective.  For cavity 1311 
nesting birds, trip doors may be devised that can be closed once the adult enters the 1312 
nest.   1313 
 1314 
Although firearms have traditionally been used to collect birds, this method is highly 1315 
dependent on the skill of field personnel, and may extensively damage samples during 1316 
collection.  The projectiles or shot may interfere with contaminant analyses.  1317 
Moreover, because of safety considerations, the use of firearms is not a recommended 1318 
sampling method.  In addition, the use of firearms precludes repeated sampling of the 1319 
same individual. 1320 
 1321 

• Earthworms 1322 
The primary methods for collecting earthworms are hand sorting of soil, wet sieving, 1323 
flotation, and the application of expellants.  Hand sorting is regarded as the most 1324 
accurate sampling method, but is very laborious and may underestimate the 1325 
abundance of small individuals.  Wet sieving consists of using a water jet and a sieve to 1326 
separate earthworms from the soil. In contrast to methods that require excavation and 1327 
processing of soil, expellants have been applied in situ to collect earthworms.  In 1328 
practice, an expellant solution is applied to the soil surface within a sampling frame laid 1329 
on the soil and allowed to percolate.  Earthworms are then collected as they emerge 1330 
from the soil.  However, traditional expellants have introduced issues of 1331 
carcinogenicity, phytotoxicity, and toxicity to earthworms.  In addition, these expellants 1332 
also may introduce additional contamination and interfere with contaminant analysis.  1333 
Some newer commercial expellants have become available that use mustard emulsion 1334 
mixed with water.   If worm samples are being collected for residue analysis, analyses 1335 
should be performed on samples of the mustard expellant.   1336 
 1337 

• Terrestrial Arthropods 1338 
Many methods are available to sample terrestrial arthropods.  Because of the great 1339 
diversity of life-history traits and habitats exploited by arthropods, no single method is 1340 
efficient for capturing all taxa.  Methods include hand gathering, pitfall trap, sticky 1341 
trap, shake-cloth, sweep-net, light trap, and various box traps.   Every sampling method 1342 
has some associated biases and provides reliable population estimates for only a 1343 
limited number of taxa.   1344 
 1345 

Sample definition, processing and transport 1346 
 1347 
The manner in which samples are defined, handled and transported can have large influence on 1348 
their usefulness.   1349 
 1350 
If the amount of sample is too small for accurate radionuclide analysis, then samples from multiple 1351 
individuals may be composited to produce a sample of sufficient size.  Alternatively, samples may 1352 
be composited over the contaminated site in an effort to reduce analytical costs.  However, 1353 
compositing samples can reduce statistical information from within the composite (e.g. loss of 1354 
minimum and maximum values).  If the samples are to represent internal body burdens for 1355 
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endpoint species (e.g., concentrations in target organs), compositing of samples will result in 1356 
underestimates of body burdens. Because compositing samples loses information and may result 1357 
in biased estimates, all compositing must be performed with caution.  1358 
 1359 
Most dose and transfer models use activity concentration data that are on a fresh mass (wet 1360 
weight) basis.  Therefore a fresh mass measurement of the final dissected sample is very 1361 
important, and should be compared with the dried and ashed masses of the same sample. 1362 
 1363 
Biota samples may have external contamination in the form of soil or dust adhering to their 1364 
surfaces.  Depending on the purpose of the analyses and the intended use of the analytical results, 1365 
these external residues may or may not be washed off, or removed with the skin, prior to analysis. 1366 
 If the contaminant of interest has a significant aerial deposition pathway or if soil ingestion is not 1367 
being considered in the exposure model, then samples should not be removed.  It should be 1368 
recognized that these unwashed samples will be biased and will represent both bioaccumulation 1369 
factors and external adhesion of contaminants. Note that for radiological dose estimates, surface 1370 
contamination may be a significant contributor to whole body dose.  1371 
 1372 
Likewise, the inclusion or exclusion of the gastrointestinal tract (GI tract) can have major (order of 1373 
magnitude) influence on the resulting measurements.  Many radionuclides are poorly absorbed 1374 
across the gut wall and therefore the stomach and intestines can carry relatively high 1375 
concentrations (relative to the muscles, bone, etc.) Whether to include or exclude depends on the 1376 
objectives of the study.   It is often most prudent to remove the GI tract, and have it (or its 1377 
suborgans) analysed separately.  1378 
 1379 
Care should be used in dissecting samples to avoid cross-contamination. Standard cleaning of tools 1380 
between samples should be performed. Some studies report using beeswax (dipping the organism 1381 
in beeswax) or similar to prevent dust on the fur from cross-contaminating interior samples during 1382 
dissection. Alternately, washing in insecticide (to kill parasites that pose a hazard to humans) 1383 
followed by detergent followed by multiple rinses.  Samples should bagged (double or triple 1384 
bagged) then be frozen as soon as possible to avoid growth of bacteria.  Transport should be in a 1385 
timely manner to prevent degradation. 1386 
 1387 
Depuration refers to the voiding of the Gl tract of sampled animals. Undepurated earthworms will 1388 
generally have higher radionuclide concentrations than depurated earthworms from the same 1389 
location.  This is due to the large amount of soil retained in the Gl tract of undepurated 1390 
earthworms.  Radionuclides in the soil in the Gl tract will bias the body-burden estimates.  If the 1391 
model used to estimate exposure of animals that consume earthworms does not include a term for 1392 
soil ingestion, this bias is not critical.  However, if a soil ingestion term occurs in the model, the use 1393 
of undepurated worms will result in some double counting of the amount of soil consumed and 1394 
will overestimate exposure. 1395 

  1396 
 1397 

1398 
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Annex C Radiation protection of the environment in different 1399 
exposure situations  1400 

C.1 Radiation protection of the environment in planned exposure 1401 
situations  1402 

Planned exposure situations are defined as those where deliberate action or change of sources 1403 
has been made which will result in the modification to the pre-existing exposure situation. In 1404 
general, a planned exposure situation is the most amenable to control as it can be actively 1405 
regulated and the exposure situation modified if required. The control of potential impacts of 1406 
planned exposure situations is generally the subject of assessment and approval processes 1407 
prior to the situation proceeding. In the consideration of planned exposure situations, both 1408 
exposures which are anticipated to occur (normal exposures) and exposures which are not 1409 
anticipated to occur (potential exposures) need to be considered. 1410 

In its most simple form, a planned exposure situation is the introduction of a new source of 1411 
radiation exposure to an environment. The environment is already exposed to some level of 1412 
pre-existing radiation exposure either due to natural sources or from historic human activities 1413 
in the area. Interactions between the pre-existing levels and the change in exposure as a result 1414 
of planned exposure are often complications when considering environmental impacts. It is 1415 
possible for the planned exposure situation to provide a net benefit for the surrounding 1416 
environment. In the consideration of the impact on the environment from a planned exposure 1417 
you often need to separate the practice-related radiological component from the pre-existing 1418 
or natural background component. Any pre-existing man-made component may need to be 1419 
considered as an existing exposure situation. 1420 

Some industries where radiation protection of the environment issues might arise   1421 

Although almost everything in nature contains some radioactivity, it is not practical to apply 1422 
radiation protection of the environment for all situations. To prevent unnecessary regulatory 1423 
burden, the protection of the environment needs to be prioritised on the practices which have 1424 
some credible impacts on the environment. Some quick screening criteria can be used to assess 1425 
if there is likely to be a radiological impact on the environment and these can be used to assist 1426 
regulatory authorities in determining those practices with the highest priority. 1427 

The first consideration would be whether there is material of enhanced radioactivity present or 1428 
being produced. If the material is below the level considered as radioactive in the jurisdiction 1429 
then it is unlikely to give rise to sufficient levels of radiation to have an impact on the 1430 
environment. There are recommended specific activities and total quantities of radionuclides 1431 
used for exemption and these will most likely remain relevant for consideration of 1432 
environmental impact. Examples of practices which may not need further assessment are 1433 
industrial processes using material below exemption levels and bulk transport of commodities. 1434 
Similarly, education facilities using small radiation sources for teaching purposes may not need 1435 
to be considered. 1436 
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The second consideration is the time the radioactivity remains in the environment. Short lived 1437 
radionuclides do not have sufficient time to concentrate in the environment and the 1438 
assessment of impact is very short range/duration. Impacts will generally be restricted to the 1439 
immediate area of operation/release and as such have well defined and easy to assess impacts. 1440 
Examples of practices which may not need further assessment are hospitals and imaging 1441 
centres discharging 99mTc due to its short half-life in the environment. 1442 

The third consideration is the amount of material being handled and how it can potentially be 1443 
concentrated in the environment. If there is only a small quantity of material present and it is 1444 
not released into the active biosphere, then the potential for impact is low. Similarly, even a 1445 
large quantity of material containing low levels of radioactivity is unlikely to effect the 1446 
environment unless there is some means of concentrating the radioactivity to a level where 1447 
harm is possible. Care should be taken however, as long time periods may need to be 1448 
considered and all potential concentration processes should be taken into account. Examples 1449 
of practices which may not need further assessment are mines which do not produce large 1450 
quantities of wastes such as in-situ recovery mines. However, the potential for inadvertent off-1451 
site transport of any radioactivity potentially produced should be considered. 1452 

Practices which would potentially require an assessment would be recognised as either using 1453 
or producing radioactive material and have sufficient quantity or activity to pose a potential for 1454 
environmental impacts. There are limited facilities existing or planned in Australia which meet 1455 
this criteria and the following is a list of potential industries which may need further 1456 
assessment: 1457 

• Reactor and radioisotope production facilities; 1458 

• Uranium or mineral sands operations which produce large quantities of waste (tailings, 1459 
monazite, waste rock); 1460 

• Mines or facilities where substantial quantities of naturally occurring radioactive materials 1461 
(NORMs) are included in the process streams (e.g. coal, oil or gas processing); 1462 

• Waste storage or disposal facilities; and 1463 

• Pre-existing exposure situations which are being reopened or potentially remediated. 1464 

Normal and potential exposure scenarios  1465 

Once a practice is being assessed for potential impact on the environment, it is important to 1466 
consider both normal and potential exposure situations. 1467 

Normal exposure situations are those which result from the routine and expected operation of 1468 
the practice. This includes not only the handling of the material and any potential discharges to 1469 
the environment but also the planned long term storage or disposal of waste materials and site 1470 
rehabilitation. In considering normal exposures it can be assumed that the material is behaving 1471 
as per design and that active measures may be incorporated to protect the environment. This 1472 
is often considered the base case for any assessment and reflects the most probable potential 1473 
impacts on the environment. 1474 
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Potential exposure scenarios are those which may happen due to either ineffective design, 1475 
failure of systems or external events. By definition they are not certainties but reflect a 1476 
probability envelope around the planned impacts to account for departure from the normal 1477 
scenarios. Realism in the consideration of these scenarios is important for effective controls 1478 
and scenarios should be restricted to those with a credible probability but including 1479 
consideration of catastrophic events. In considering potential exposures you need to also 1480 
consider how initiation events may change the environment from the non-radiological 1481 
perspective as well. For example, a major flood event may increase the potential for release of 1482 
material from a mine site with a tailings dam containing uranium series radionuclides but also 1483 
will give rise to far higher levels of dilution than would be expected under normal situations. A 1484 
flood may also significantly change the species being potentially exposed and flood effects may 1485 
totally dominate over far smaller radiological related impacts. 1486 

Assessment of potential impacts from planned exposure scenarios  1487 

Given the type of radiological sources in Australia, the potential for significant radiological 1488 
impacts on the environment is very small. Studies indicate that radiological impacts are 1489 
generally several orders of magnitude less than other non-radiological impacts of practices 1490 
(Johnston et al., 2003). It is therefore important that assessments are as simple as possible and 1491 
complex as necessary and are considered in the context of other potential factors. 1492 

Where possible, initial screening assessments should be utilised to determine if there is any 1493 
significant potential for radiological impact on the environment (see Section 3.5). This 1494 
screening can be conservative in nature and be used to reduce the need for more formal 1495 
assessments of radiation protection on the environment. 1496 

Control actions in planned exposure situations  1497 

Planned exposures allow for the inclusion of control actions as part of both routine operations 1498 
and potential exposure scenarios. These control actions should be incorporated in the 1499 
assessment to ensure realism in the potential environmental impacts. Control actions can 1500 
range from the use of waste treatment facilities, through to design storage facilities and 1501 
implementation of active measures to reduce the impacts of external events (e.g. flow control 1502 
bunds). However, avoidance or minimisation of contamination is preferable to control. 1503 

One of the critical concerns with the use of control actions is they should only be considered 1504 
whilst the practice remains active. For long term post closure of the practice, active controls 1505 
may no longer be appropriate and more reliance on passive controls will be required. 1506 

Transition from a Planned Exposure Situation  1507 

All practices eventually cease and this may involve a transition from a planned exposure 1508 
situation to an existing exposure situation. Incorporated into this transition is the removal of 1509 
active controls and the decision that the practice is no longer occurring. Associated with this is 1510 
the need for a range of criteria to ensure long term protection of the environment.  1511 
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C.2 Radiation protection of the environment in existing exposure 1512 
situations  1513 

Existing exposure situations are those situations that already exist when a decision on control 1514 
has to be taken, including natural background radiation and radioactive residues from past 1515 
practices, events and accidents. In an environmental context, existing exposure situations 1516 
typically involve areas that have been contaminated by human actions conducted in the distant 1517 
past, or as a result of accidents. Some relevant Australian examples of such situations include:  1518 

• former British nuclear weapons test sites at Maralinga, which were principally 1519 
contaminated through dispersal of plutonium isotopes (DEST, 2003); and 1520 

• legacy mining and ore processing sites contaminated with naturally occurring radioactive 1521 
material (NORM). 1522 

For existing exposure situations involving environmental contamination, people may have been 1523 
removed from the contaminated area as a precautionary measure, or the area may be one that 1524 
is not normally occupied by people. The question may then arise as to the health or status of 1525 
other organisms in the contaminated area. This question may be particularly relevant to 1526 
heritage listed environments and nature conservation zones (e.g. national parks, Ramsar 1527 
wetlands, marine reserves, etc.), or if the contaminated area forms part of the natural habitat 1528 
of a rare, protected or culturally significant species. 1529 

For existing exposure situations involving environmental contamination, an initial assessment 1530 
should be conducted to characterise the existing radiological conditions of the contaminated 1531 
area, including baseline background data. This should include identifying the sources and 1532 
pathways of exposure for key receptor organisms, estimating the dose rates to those 1533 
organisms and comparing with relevant environmental reference values (see Section 4). A 1534 
decision should then be made as to what management or intervening action may be required, 1535 
and why, taking full account of the costs and benefits of the action. The outcome of the initial 1536 
assessment should help guide the decision-making process in the following way: 1537 

• If assessed dose rates to key receptor organisms (or keystone species) are above the 1538 
relevant environmental reference value, then the level of ambition for optimisation should 1539 
be to reduce exposures to levels that do not exceed the relevant environmental reference 1540 
value, assuming that the costs and benefits of doing so are justified. 1541 

• If assessed dose rates to key receptor organisms are at or below the relevant 1542 
environmental reference value, then the principle of optimisation of protection should 1543 
continue to be applied, assuming that the costs and benefits are such that further efforts 1544 
to reduce exposure are justified. 1545 

• In either case, the justifiable effort should be to reduce the exposure to levels as low as 1546 
reasonably achievable rather than to simply achieve a value lower than the screening or 1547 
reference levels. 1548 

Two basic options are available in relation to intervening actions in existing exposure situations 1549 
(i.e. ‘take no action’ or ‘take action’). The decision on whether or not to take action to reduce 1550 
the radiological risk to wildlife from existing exposure situations should be guided by 1551 
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quantitative methods such as cost-benefit analysis and qualitative methods such as 1552 
stakeholder consultation to help ensure that any remediation goal for wildlife is both agreed 1553 
and achievable. Some additional advice on the possible circumstances under which each option 1554 
may be appropriate is provided below. 1555 

Take no action. This option may be appropriate to those existing exposure situations where 1556 
assessed dose rates (compared to baseline) are at or below the relevant environmental 1557 
reference value or where there is evidence to suggest that there has not been (nor is there 1558 
expected to be) any deleterious radiation effects on wildlife populations. In other words, 1559 
biological diversity within the contaminated area has been effectively conserved through 1560 
natural processes.  1561 

Take action. This option may be appropriate to those existing exposure situations where 1562 
assessed dose rates are above the relevant environmental reference value or where there is 1563 
evidence to suggest that there has been (or is expected to be) deleterious radiation effects on 1564 
wildlife populations. It should be considered whether action to reduce radiation exposure will 1565 
have a net positive effect on the population. 1566 

C.3 Radiation protection of the environment in emergency situations  1567 

Introduction  1568 

Emergency exposure situations (accidental or malicious) can be considered in three stages; 1569 

• Planning phase – normal operation prior to an emergency being declared,  1570 

• Emergency phase – during an uncontrolled release to the environment,  1571 

• Recovery phase – after an emergency situation stabilises. 1572 

During each phase the protection of humans should be considered in parallel with protection 1573 
of the environment, however the Emergency Phase will always have inclusion of humans taking 1574 
precedence over the protection of wildlife. 1575 

Planning for an emergency 1576 

Protection of the environment should be considered in planning for emergency exposure 1577 
situations. Significant effects on certain populations (such as endangered species) may lead to 1578 
the consideration of alternative siting options or the implementation of procedures to 1579 
specifically protect these populations in the case of an emergency.  1580 

Assessment of wildlife in emergency planning is particularly important in areas which are not 1581 
populated by people. Environmental impact assessments should consider likely consequences 1582 
of exposure as a result of different possible emergency exposure situations (ICRP, 2008).  In 1583 
these situations, it should be noted that models and databases usually need to be relevant to 1584 
the dynamic conditions of an emergency – steady-state models are not always relevant for 1585 
these types of releases. 1586 

Emergency planning should include consideration of catastrophic events. 1587 
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During an emergency 1588 

During the emergency it is likely that the protection of the environment will be optimised by 1589 
normal emergency practises, such as minimisation of contaminant dispersal at the source. 1590 
Decisions on protection of wildlife should be made while regarding human protection (for 1591 
example, culling of contaminated domestic or agricultural animals for protection of the human 1592 
food chain is not considered as a part the environmental protection framework).  1593 

It is clear that human protection will take precedence during this time as resources are usually 1594 
spent on humans, however thorough planning will mean that clearly defined procedures are in 1595 
place which can be applied during the emergency phase. These include decisions on protection 1596 
of the environment weighed up against protection of the food chain. 1597 

Doses to wildlife from emergency discharges to the environment can be estimated through the 1598 
use of dynamic models (e.g. see UNSCEAR, 2013).  The use of these models is being 1599 
investigated in the IAEA’s four-year MODARIA programme (IAEA, 2012). 1600 

Late (or recovery) phase of an emergency  1601 

After the situation has stabilised, the emergency phase transitions to the recovery phase.  The 1602 
situation then becomes an existing exposure situation (Section C.2).  The need for intervention 1603 
should be weighed up against the immediate and long-term impacts on flora and fauna 1604 
populations. Particular attention should be given to the effects on threatened or endangered 1605 
species. 1606 

After the emergency situation has stabilised it is possible to use traditional (steady-state) 1607 
assessment models to determine the long-term impacts of exposure. 1608 

1609 
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GLOSSARY 1610 

 1611 
acute 1612 
Occurring within a relatively short time period in the context of the effects being observed. 1613 

background  1614 
Concentrations and variability of natural radioactivity and associated radioactive dose in any 1615 
environment. If measured prior to any contamination (q.v.) can be used as a baseline for 1616 
measuring change. 1617 

benthic (feeding fish)  1618 
Referring to the habitat on or adjacent to the sediments in marine or freshwater ecosystems 1619 
(fish using those regions to eat). 1620 

chronic 1621 
Occurring or recurring over a substantial time period in the context of the effects being 1622 
observed. 1623 

contamination 1624 
Releases to the wider environment of chemicals, including radionuclides, from human 1625 
activities. 1626 

 1627 
DCRLs (Derived Consideration Reference Levels) 1628 
An ICRP (q.v.) term which is conceptually equivalent to environmental reference values (q.v.) in 1629 
this safety guide. 1630 

dose – absorbed 1631 
The energy deposited within any material by the passage through it of ionising radiation 1632 
(Grays: 1 Gy = 1 joule/kg). 1633 

dose – effective 1634 
The energy deposited within the human body by the passage through it of ionising radiation 1635 
which also takes into account the relative biological effectiveness of different radiation types 1636 
(alpha, beta, gamma) and the sensitivity of different tissue types to radiation damage. 1637 
(Sieverts: 1 Sv = 1 joule/kg x radiation weighting factor x tissue weighting factor). 1638 

dose conversion coefficients (DCCs) 1639 
Factors used to relate radionuclide activity concentrations in soil or water to external doses of 1640 
exposed organisms, and concentrations in the organism to internal doses. See also modelling; 1641 
background. 1642 

dose rate 1643 
The average level of dose that any material or biota is exposed to over time (biota dose rate is 1644 
typically measured in mGy/hr). 1645 

dosimetry 1646 
The measurement or modelling of dose (q.v.) or dose rate (q.v.). 1647 
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emergency exposure situation 1648 
An unexpected situation of exposure that arises as a result of an accident, a malicious act, or 1649 
any other unexpected event, and requires prompt action in order to avoid or to reduce adverse 1650 
consequences.  1651 

environment 1652 
The areas outside of sites under direct human control. 1653 
environmental exposure 1654 
The exposure of wildlife to ionising radiation (q.v). This includes exposure of animals, plants 1655 
and other organisms in the natural environment. 1656 
equilibrium 1657 
The assumed condition whereby the activity concentration and/or dose in a reference 1658 
organism is stable in respect to the environmental media concentrations to which it is exposed. 1659 

equivalent dose 1660 
The absorbed dose delivered by a type of radiation averaged over a tissue or organ multiplied 1661 
by the radiation weighting factor for the radiation type. 1662 

existing exposure situation 1663 
A situation of exposure that already exists when a decision on the need for control needs to be 1664 
taken, including prolonged exposure situations after emergencies.  1665 

exposure scenario 1666 
The postulated means by which the wider environment, and biota within it, may be exposed to 1667 
contamination (q.v.). 1668 

gray 1669 
See Dose-absorbed. 1670 

IAEA 1671 
International Atomic Energy Agency. 1672 

ICRP 1673 
International Commission on Radiological Protection. 1674 

impacted 1675 
Affected by contamination (q.v.) 1676 

ionising radiation 1677 
For the purposes of radiation protection, radiation capable of producing ion pairs in biological 1678 
material(s). 1679 

MODARIA 1680 
The IAEA (q.v.) program entitled Modelling and Data for Radiological Impact Assessments. 1681 

modelling 1682 
The estimation of environmental media concentrations and/or dose (q.v.) or dose rate (q.v.) 1683 
using equations to emulate natural processes. As far as possible, extant data are used to 1684 
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parameterise the equations but assumptions need to be made where adequate data do not 1685 
exist. 1686 

physiology 1687 
The branch of biology that deals with the normal functions of living organisms and their organs. 1688 

piscivorous fish 1689 
Fish that predate on other fish. Top aquatic predators. 1690 

planned exposure situation 1691 
A situation involving the deliberate introduction and operation of sources. Planned exposure 1692 
situations may give rise both to exposures that are anticipated to occur (normal exposures) and 1693 
to exposures that are not anticipated to occur (potential exposures). 1694 

population (of organisms) 1695 
a. A group of individual organisms belonging to a same species and sharing a well-defined 1696 
pattern of environmental conditions. 1697 
b. An abstract group of individuals of the same biological species that share the same 1698 
geographic patch and can interact with one another with limited interactions from outside. 1699 

radiosensitvity 1700 
The relative effect of similar radiation on different biota. Some organisms are more sensitive 1701 
(e.g. mammals, trees) than others (e.g. insects, plankton). 1702 

RAPs (Reference Animals and Plants) 1703 
A suite of organisms recommended as models by the ICRP (q.v.) as Reference Animals and 1704 
Plants for the purposes of estimation environmental dose. 1705 

reference values  1706 

Values for absorbed dose rate (q.v.) to living organisms at which a more considered level of 1707 
evaluation of the situation might be considered (see also DCRLs).   1708 

representative organism 1709 
A living organism that is typically present in a contaminated environment. 1710 

reference organism 1711 
An entity that provides a basis for the estimation of radiation dose rate to any living organism 1712 
that is typical, or representative, of an impacted environment. 1713 

screening level 1714 
The absorbed dose rate to an organism above which further considerations or investigations 1715 
are warranted.  1716 

sievert 1717 
See Dose-effective. 1718 

species 1719 
Groups of actually or potentially interbreeding natural populations, which are reproductively 1720 
isolated from other such groups. 1721 
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surrogate 1722 
An organism providing data for another that exists in a similar ecological niche, has a similar 1723 
physiology, and/or is in some other way suitably representative of the organism under 1724 
consideration. 1725 

taxonomy 1726 
The branch of science concerned with classification, especially of organisms. 1727 

trophic level  1728 
The position of an organism within a food web. For example, plants are primary producers and 1729 
hence trophic level 1, grazers that eat plants are trophic level 2, organisms that eat grazers are 1730 
a higher level and top predators are higher still. The number of trophic levels within any habitat 1731 
is constrained by the biological diversity present and by the number of ecological niches 1732 
available. 1733 

UNSCEAR 1734 
United Nations Scientific Committee on the Effects of Atomic Radiation. 1735 

wildlife 1736 
Any wild animal or plant living within its natural environment. 1737 
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