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Abstract. There have been significant developments in the last few years concerning methods to explicitly 
quantify impacts on the environment arising from exposure by ionising radiation. Central to the ERICA integrated 
approach is the quantification of environmental risk whereby data on environmental transfer and dosimetry are 
combined to provide a measure of exposure which is compared to exposure levels at which detrimental effects are 
known to occur. In view of the large data sets underpinning the assessment approach and the potential to introduce 
errors when performing numerous calculations manually, a supporting computer-based tool (the ERICA Tool) has 
been developed. The ERICA Tool is a computerised, flexible software system that has a structure based upon the 
ERICA Integrated Assessment tiered approach to assessing the radiological risk to biota. The user is guided 
through the assessment process, recording information and decisions as the assessment progresses. The tool allows 
the necessary calculations to be performed to estimate risks to selected biota. Tier 1 assessments use pre-calculated 
environmental media concentration limits to estimate risk quotients and require inputs in the form of media 
concentrations. At Tier 2 dose-rates are calculated but at this stage, the user is allowed to examine and edit most of 
the parameters used in the calculation. For Tier 3 assessments, the same flexibility as Tier 2 is allowed but 
assessments may be run probabilistically if the underling parameter probability distribution functions are defined. 
Results from the Tool can be put into context using incorporated data on dose-effects relationships and 
background dose-rates. 
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1. Introduction 
 
The protection of the environment from the effects of radiation has been the theme of intensive 
scientific debate over the last decade or so. Following the arguments presented in several published 
works [1-3] , the requirement for a system to allow the significant amount of relevant information 
concerning this subject to be organised and managed became generally accepted at an international 
level. The ICRP published information to outline the direction they envisaged for such a framework 
[4]. The ICRPs approach is currently being developed to provide high level guidance for 
demonstration of compliance corresponding with existing/emerging national and international 
legislation, stating explicitly that the approach is being developed to provide a framework for more 
applied and specific numerical approaches. The Commission have opted to use similar approach to 
Reference Man for the environment. These reference animals and plants (RAPs) are essentially a 
limited group of biota for relating exposure to dose and dose to effect for environmental situations. 
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The RAPs can be considered as points of reference for drawing comparisons with sets of information 
on other organisms although they may not necessarily be the direct objects of protection, per se. 
Furthermore, they are intended to allow more site-specific information (e.g. secondary sets) to be 
compared and examined.  
 
In parallel with the ICRP activities, specific numerical approaches have been developed by several 
groups [see 5] allowing the exposure of wildlife to be derived and in some cases placing these 
exposures into the context of effects. One of the most widely used, freely available software available 
is the ERICA Tool. The software provides a suite of calculators as support to the broader ERICA 
Integrated Approach and combines elements of environmental management, risk characterisation and 
impact assessment in order to allow scientific, managerial and societal issues concerning 
environmental exposures to radiation to be dealt with in a robust and comprehensive manner. The 
Approach has been a recent subject for publication in a Special Issue of the Journal of Environmental 
Radioactivity [6]. A key component of the ERICA integrated approach is the quantification of 
environmental risk. Within this process, data on environmental transfer and dosimetry are combined to 
provide a measure of exposure which is compared to exposure levels at which detrimental effects are 
known to occur. Difficulties in managing the large data sets underpinning the assessment approach 
and the potential to introduce errors when performing numerous calculations manually have been the 
drivers for development of the ERICA Tool. 
 
This paper is based largely on the more detailed description of the ERICA Tool presented by Brown et 
al. [7]. Hereafter, the basic components of the Tool are presented, key assumptions associated with the 
derivation of key parameters are described and the underlying calculations defined. 
 
2. The basis for the assessment 
 
The ERICA assessment is based around the concept of reference organisms. These have been defined 
by Larsson [8] as : a series of entities that provide a basis for the estimation of radiation dose rate. 
These estimates, in turn, provide the basis for assessing the likelihood and degree of radiation effects 
to a range of organisms which are typical, or representative of a contaminated environment. This is 
somewhat different to the ICRP’s approach wherein the family level is considered to constitute the 
most suitable level of generalisation reflecting the observation that there are no internationally 
accepted ‘rules’ on classification above this level. The RAP is therefore defined as “a hypothetical 
entity, with the assumed basic biological characteristics of a particular type of animal or plant, as 
described to the generality of the taxonomic level of Family, with defined anatomical, physiological, 
and life-history properties, that can be used for the purposes of relating exposure to dose, and dose to 
effects, for that type of living organism.” The RAP is thus defined in more specific terms than those 
used in ERICA and the list of RAPs is significantly smaller than the corresponding reference organism 
suites used in the ERICA approach. 
 
Nonetheless, The ERICA reference organism list has been amended to encompass the ICRP’s 
proposed list of Reference animals and plants (RAPs), at least in terms of dosimetric considerations, 
by using identical flora and faunal geometries. The definitive set of reference organisms has also been 
constructed to allow assessments of all protected species within Europe as these may be a focus within 
some assessments [e.g. 9]. The requirement to cover all European protected species led to the addition 
of some reference organism to the final list (e.g. marine reptiles, corals). An overview of the reference 
organisms and associated ecosystems considered by the ERICA Integrated Approach is provided in 
Table 1. 
 
 
 
 
 



Table 1: Reference organisms for each ecosystem in the ERICA Tool [7]. The corresponding ICRP 
RAPs, for which the ERICA Tool uses the proposed ICRP geometries as default, are indicated in 
italics within brackets. 

 
 
A default suite of 31 elements (and their most common radioisotopes) has been selected to cover a 
wide variety of conceivable exposure situations including those arising from routine authorised 
discharge regimes, potential releases from repositories for radioactive waste, including High Level 
Waste, TENORM operations and accident scenarios.  The full list is presented in Brown et al. [7]. 
Additionally most radionuclides considered within [10] can be assessed using the Tool 
 
 
2.1 Estimation of activity concentrations 
 
Media activity concentrations can be estimated from discharge data using generic “transport” models 
based upon IAEA SRS-19 [11]. These are for use only in Tiers 1 and 2 as they are primarily screening 
models designed to estimate levels of radionuclides in atmospheric and in aquatic systems whilst 
minimising the possibility that the calculated results would underestimate real doses (to a human 
critical group) by more than a factor of 10. The dispersion models are appropriate to estimate average 
concentrations in water or air from a single source continuous release assuming that an equilibrium or 
quasi-equilibrium has been established with respect to the released radionuclides and the relevant 
components of the environment.  

In cases where adequate measured data are unavailable, the activity concentrations of radionuclides in 
biota within the ERICA tool are calculated by multiplying the corresponding media activity 
concentrations (soil or air for terrestrial ecosystems and water for aquatic ecosystems) by equilibrium 
concentration ratios (CRs) as defined by Equation 1 or 2 for terrestrial ecosystems and aquatic 
ecosystems respectively. 
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Where  Ab
 = Activity concentration in biota whole body (Bq kg-1 fresh weight) and 

 As = Activity concentration in soil (Bq kg-1 dry weight) 

Exceptions are for chronic atmospheric releases of 3H, 14C, 32P and 35S where the denominator relates 
to the activity concentration in air. For the aquatic systems, CRs are defined as in Equation (2). 
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Where  Ab
 = Activity concentration in biota whole body (Bq kg-1 fresh weight) and 

 Aw = Activity concentration in (normally filtered) water Bq l-1 

Default values of the concentration ratios are stored in the Tool transfer databases providing a value 
for each element and reference organism. The CR values included in the database were derived from 
reviews of original publications by preference. However, in numerous cases, no empirical data were 
available resulting in the derivation of values using various methods such as taxonomic and 
biogeochemical analogues. These approaches are described in more detail elsewhere [12, 13]. With 
regards to the characterisation of these data within the default transfer database, the derivation method 
is cited allowing the assessor to identify how each default value was selected.  

The derivation of each default transfer parameter included within the ERICA Tool is described by [12] 
and [13] for terrestrial and aquatic ecosystems respectively. These data include information on 
expected values or weighted means, on statistical parameters including the number of samples on 
which the values are based, the standard deviation and the underlying probability distribution function 
(PDF). 
 
2.2 Calculating dose-rates 
 
The basic underlying equations (Equations 3 and 4) use input data on activity concentrations in biota, 
media and dose conversion coefficients (DCCs) to derive internal (Dint) and external (Dext) absorbed 
dose-rates (in units of µGy h-1) : 
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where: 

b
iC  is the average concentration of radionuclide i in the reference organism b (Bq kg-1 fresh weight), 

b
iint,DCC  is the radionuclide-specific dose conversion coefficient (DCC) for internal exposure defined as the 

ratio between the average activity concentration of radionuclide i in the organism j and the dose rate to the 
organism b (µGy h-1 per Bq kg-1 fresh weight). 
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where: 

vz is the occupancy factor, i.e. fraction of the time that the organism b spends at a specified position z in its 
habitat.  

Czi
ref is the average concentration of radionuclide i in the reference media of a given location z (Bq kg-1 fresh 

weight (soil or sediment) or Bq l-1 (water)), 

DCC jext,zi is the dose conversion coefficient for external exposure defined as the ratio between  the average 
activity concentration of radionuclide i in the reference media corresponding to the location z and the dose rate to 
organism b (µGy h-1 per Bq kg-1 fresh weight or Bq l-1). 

 

Weighted total dose rates (in µGy h-1) are estimated through the application of weighting factors 
(dimensionless) for alpha, low beta and high beta-gamma radiation as described in [7]. Default 
radiation weighting factors of 10 for alpha radiation, 3 for low energy beta and 1 for (high energy) beta 
and gamma radiation are applied in the Tool in line with the provisional, illustrative values, used in the 
FASSET framework [14].  This is also consistent with the upper bound on the range of variation 



reported by [15] for α-radiation weighting factors in relation to population relevant deterministic 
endpoints (mainly mortality). At Tiers 2 and 3, the radiation-weighting factors can be altered if the 
user wishes to use alternative values.  

The dosimetric calculation underpinning the derivation of DCCs is dealt with in detail elsewhere [16 
17] Although methods (for aquatic and terrestrial systems) have been applied to derive DCCs for the 
suite of reference organisms and radionuclides specified in Tables 1 and 2 respectively, the calculation 
can be performed for other user-defined organisms within certain limits and most radionuclides 
included in ICRP Publication 38 [10]. This can be achieved using the “Add organism” and “Add 
isotope” functions that are available at Tiers 2 and 3 within the Tool.  Radioactive daughter nuclides 
are included in the calculation of the DCCs if their half-lives are shorter than 10 days. Furthermore, 
DCCs for internal exposure were derived assuming a homogeneous distribution of the radionuclide in 
the organism.  

 
3. The tiered approach 
 
The assessment element of the ERICA Integrated Approach is organised in to three separate tiers, 
where satisfying certain criteria in Tiers 1 and 2 allows the user to exit the assessment while being 
confident that the effects on biota are low or negligible and no further action is required. Tier 1 may be 
essentially regarded as a screening tier. Tier 3 provides the ability to consider situation of concern in 
more detail. The ERICA Tool implements the tiered approach and guides the user through the 
assessment process, allowing the assessor to record information and decisions. Moreover, the Tool 
enables calculations to be performed to estimate risks to selected biota. A detailed help is provided 
within the software which, together with the description of the ERICA Integrated Approach [18], 
assists the user in making appropriate choices and inputs as well as in the interpretation of the outputs.  
 
3.1 Tier 1 
 
Environmental Media Concentration Limits (EMCLs) are employed at the Tier 1, screening tier. 
EMCLs are defined as the activity concentration in the selected media (soil or air (H, C, S and P only) 
in terrestrial environments, water or sediment in aquatic environments) that would result in a dose-rate 
to the most exposed reference organism equal to that of the selected screening dose-rate. They are 
derived via the calculation of intermediate-EMCL values calculated for all reference organisms for a 
selected radionuclide and media (Equation 5). 
 

F

SDR
EMCL =  (5) 

Where: 
 
F = the maximum dose rate that an organism will receive for a unit activity concentration of a given radionuclide 
in an environmental medium (µGy h-1 per Bq l-1 or per Bq kg-1 (dry weight) or per Bq m-3 (air) of medium). 
SDR = the screening dose rate (µGy h-1) selected by the assessor at the assessment context stage.  
 
The minimum intermediate-EMCL value across all organisms is then selected to define the unique, 
limiting EMCL value for a particular radionuclide. In other words, there is only one EMCL value per 
radionuclide and the limiting organism may be different for different radionuclides. The user cannot 
therefore select reference organisms at Tier 1. 
 
In deriving F, the selection of the default location within the habitat is based on the configuration that 
will result in maximum exposure of the reference organism. As an example of the equations used to 
estimate F, the case for a soil invertebrate is provided in Equation 6, below.  

[ ]si,extsisiint, DCCCRDCCF +⋅=  (6) 

Where : 



DCCint,si = internal dose conversion coefficient for soil invertebrate 

CRsi = concentration ratio for soil invertebrate 

DCCext,si = external DCC for in-soil configuration, i.e. volumetric source for soil invertebrate. 

The full set of equations, covering all ecosystems and reference organisms, is provided in the Help 
function for the Tool.  

F values are calculated using probability density functions for CR values and distribution coefficients. 
Calculations are thus performed probabilistically using a Monte Carlo approach, externally from  the 
tool, resulting in a PDF for the F value from which any percentile of the F value can be selected. As 
the default, the 95th percentile F value has been selected for use in the calculations (i.e. this value is 
entered into Equation 8) to yield a 5th percentile EMCL.  

The Tool uses a default screening dose rate (at Tiers 1 and 2), applicable to incremental (i.e. above 
background) exposures, of 10 µGy h-1 above background. The derivation of this value is described 
elsewhere [19]. The Tool also allows other screening dose-rates to be used. 
 
At Tier 1, the data entry required is in the form of maximum activity concentrations for each selected 
radionuclide in soil, water or sediment only, i.e. biota activity concentrations may not be used directly. 
These values are entered either as site-specific values or through the use of one of the in-built SRS-19 
model and are then divided by the corresponding EMCLs. This produces a risk quotient (RQ) for each 
specific radionuclide included in the assessment. A total (or sum of) risk quotient (RQ) is also 
estimated, defined by (Equation 7): 
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Where: 
RQ = (Total) Risk quotient; 
Mn = measured or predicted maximal activity concentration for radionuclide “n” in the medium in Bq l-1 for 
water, Bq kg-1 (dry weight) for soil or sediment or Bq m-3 for air; 
EMCLn = Environmental Media Concentration Limit for radionuclide “n” (same units as media) and defined in 
Equ. 5. 
 
If the sum of the risk quotients is <1, then the user can be assured that there is a very low probability 
that the assessment dose rate to any organism exceeds the incremental screening dose rate and 
therefore the risk to non-human biota can be considered negligible. If the RQ is equal to or exceeds 1, 
a more in depth study (progressing to Tier 2 or 3) would normally be required and the Tool indicates 
this to the assessor. 
 
3.2 Tier 2 
 
At Tier 2 the estimated total (internal and external summed) weighted absorbed dose rates for each 
reference organism included in the assessment are compared directly with the dose rate screening 
value that was selected by the assessor for use in the assessment. This produces a risk quotient for 
each organism included in the assessment (Equation 10): 
 

SDR

DR
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Where:  
RQorg = Risk quotient for reference organism “org”; 
DRorg = estimated total dose rate (µGy h-1) for reference organism “org”; 
SDR = the screening dose rate (µGy h-1) selected by the assessor at the assessment context stage. 



In this tier greater flexibility is introduced as many of the parameters involved in the calculations (as 
defined by Equations 1-6) can be reviewed and edited. User-specified geometries, can be added by 
using the Add organism functionality and if a radioisotope of interest is not represented in the ERICA 
default database, new radionuclides can be added by accessing the Add isotope wizard. The assessor is 
required to enter additional parameters (CRs, Kds etc.) for new geometries and radionuclides. 
Furthermore, Tier 2 allows the user to enter one or more media or biota activity concentrations that 
have been collated for use in the assessment: 
 

At this tier it is recommended to enter expected (or “best estimate”) value activity concentrations – 
concentrations that are representative of an area in time and space. In addition to “expected values” of 
the RQs (based on expected values for the inputs and parameters), conservative estimates of RQs are 
also reported. These are obtained by multiplying the expected RQs by Uncertainty Factors (UFs). The 
UF is an approximation applied to account for uncertainty in the dose-rate estimation and is defined 
as: the ratio between the 95th, 99th or any other percentile (above the expected value) and the expected 
value of the probability distribution of the dose rate (and RQ). To estimate the UF it was assumed that 
the dose rate and the RQ follow exponential distributions with means equal to the estimated expected 
values. The calculated RQs used in combination with the other information provided within the Tier 2 
assessment screens enable the assessor to make a decision on whether the assessment can be 
concluded or should continue. Various criteria and appropriate conditional recommendations (Table 2) 
are implemented by the Tool to help the use in this decision making process. 

 
Table 2: showing the criteria for exceedence of benchmark values and recommendations provided for 
Tier 2 results. 

 

To help the assessor put their results into context the results screen tabs labelled “Background” and 
“Effects” contain summarised information. 

 
The background tab provides ranges in background exposure rates due to naturally occurring 
radionuclides. These data are derived from published works [20, 21]. The ERICA Integrated Approach 
should be used to assess incremental doses from human activities only. If dose rates estimated within 
Tier 2 result in RQ values in excess of 1 but are insignificant in magnitude relative to natural 
background exposure rates, the user might conclude that there is negligible cause for concern. This 
would be in line with the approach described by [22], which is based on derived consideration levels.  
 
The effects tab contains a series of tables, one for each reference organism group for the ecosystem 
under assessment. The information is provided to allow a comparison between the predicted dose rates 
for the selected reference organisms to a summary of information about the known biological effects 



of ionising radiation on non-human species collated within the FREDERICA database [23].The effects 
lookup tables are constructed to provide a short statement on the types of biological effect that may be 
occurring at particular dose rates. In this way, the assessor can contextualise the predicted dose-rates in 
terms of expected radiation effects in particular organism groups and for specific biological endpoints 
thus enabling a more informed evaluation of the results of the Tier 2 assessment. 
 
3.3 Tier 3 
 
Tier 3 allows full probabilistic calculations to be performed through the application of Monte Carlo 
simulations. There is the same degree of flexibility at Tier 3 as that incorporated in Tier 2 in the sense 
that the assessor may edit and review the various parameters used in the subsequent calculations. In 
addition, input data, Kd values, CR values and radiation weighting factors have an option allowing the 
user to assign a probability distribution function (PDF) to them. This may be either as a default PDF 
(drawn from the underlying ERICA Tool database described above) or as user defined ones. The Tool 
supports exponential, normal, triangular, uniform, lognormal, logtriangular and loguniform 
distributions. 
 
To estimate the uncertainty within the endpoints of an exposure assessment, the uncertainties in the 
inputs and parameters must be propagated though the model. When analytical methods cannot be 
applied, these uncertainties can be propagated using Monte Carlo analysis. This is the approach used 
in the tool. The basis of the Monte Carlo method are relatively straightforward [see 24]: point 
estimates in a model equation are replaced with probability distributions, samples are randomly taken 
from each distribution, and the results tallied, usually in the form of a probability density function or a 
cumulative distribution. The number of simulations used in the calculation can be selected by the user.  
 
The results reported at Tier 3 provide no information on risk quotients because if the assessment has 
reached this stage of detailed analyses, screening dose-rates are no longer appropriate. The onus would 
now be on the assessor to derive their own benchmark(s) from which to make comparison with 
exposure derivations. The results tabs are therefore split into deterministic data, where information 
relating to single entry values are reported (in tabulated from only), and probabilistic data, where 
information relating to probability distribution functions are reported (as figures with summary 
statistics).  
 
The supporting information available at Tier 3 for interpreting the dose rates predicted within an 
assessment are biological effects data collated from scientific literature within the FREDERICA 
database which describe the effects of exposure of ionising radiation on non-human species [23]. The 
effects tab contains a direct link to the online database which requires an internet connection. Full 
details of the available information and how to use the FREDERICA database is provided at the 
FREDERICA website (www.frederica-online.org), this includes a manual on the searches available 
and describes the ways to export the data from the database. 
 
The Tier 3 results section also provides information in relation to sensitivity analysis. This apportions 
the relative effect of the uncertain inputs and parameters on the variation and uncertainty of the 
simulation endpoints (dose rates and activity concentrations). The models for calculation of dose rates 
implemented in the ERICA tool are relatively simple and it is possible to perform sensitivity analyses 
using simple correlation coefficients between the inputs/parameters and the endpoints. In the simplest 
sense, the sensitivity analysis included in the Tool can be used to identify those parameters that are 
having an overriding influence on the total dose-rate (or components of this dose-rate). If it is found 
that the parameter/value under investigation is having a large effect on the output, it might be worth 
investigating/examining this parameter in more detail.  

 
 
 
 



4. Concluding remarks 
 
The assessment Tool has been successfully developed to automate the assessment component of the 
ERICA integrated approach. The software leads the user through the assessment process by means of 
step-wise “wizards” and has been designed to allow a logical format for documenting the assessment 
procedure and great flexibility in relation to data entry and parameter selection especially as the 
assessment moves to higher tier, more complex, environmental risk calculations.   
 

The tool is currently (as of October 2008) freely available at the EC EURATOM Project PROTECT 
website - http://www.ceh.ac.uk/protect/. All new users have to register before receiving a download. 
To use the Tool Java software needs to be installed, this is freely available from 
http://www.java.com/en/download/index.jsp. The ERICA Tool, or elements of it, has been (or is 
being) used in assessments within a number of countries, including: Finland - Olkiluto repository [26], 
Sweden – used by regulator and industry, United Kingdom – UK low level waste repository; in 
support of Natura 2000 assessments [27]; generic waste repository assessment [28]. The ERICA Tool 
was also used to conduct the OSPAR assessment of impact on marine biota of anthropogenic sources 
of radioactive substances. Parameters and radiation effects databases from the ERICA Tool are also 
being utilised by the ICRP in development of their Reference Animal and Plant concept. 

 

The Tool will be developed further in the coming years with a plan to release periodic updates when 
new data and functionality become available. This will occur under the auspices of a core group, 
consisting of selected members from the original ERICA consortium. The development of the Tool is 
an ongoing process, the latest version having been released in May 2008. Various improvements are 
being incorporated including the provision of licence and log of changes onto help menu, Setup with 
release date and number, a review of rules for calculations at Tier 2 and updating of freshwater Kds as 
they become available from international studies. 
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