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ABSTRACT 
 
In the field of environmental impact assessment, models are used for estimating source term, environmental 
dispersion and transfer of radionuclides, exposure pathway, radiation dose and the risk for human beings 
Although it is recognized that the specific information of local data are important to improve the quality of the 
dose assessment results, in fact obtaining it can be very difficult and expensive. Sources of uncertainties are 
numerous, among which we can cite: the subjectivity of modelers, exposure scenarios and pathways, used codes 
and general parameters. The various models available utilize different mathematical approaches with different 
complexities that can result in different predictions. Thus, for the same inputs different models can produce very 
different outputs. This paper presents briefly the main advances in the field of environmental radiological 
assessment that aim to improve the reliability of the models used in the assessment of environmental 
radiological impact. The intercomparison exercise of model supplied incompatible results for 137Cs and 60Co, 
enhancing the need for developing reference methodologies for environmental radiological assessment that 
allow to confront dose estimations in a common comparison base. The results of the intercomparison exercise 
are present briefly. 
 
 

1. INTRODUCTION 
 
Radiological assessment (RA) is a process used to estimate the dose and risk of radionuclides 
present in the environment. These materials can be released from natural or artificial 
radioactive sources. The radionuclides are transported in the environment and their 
concentrations in the different environmental compartments are converted to dose and risk 
through modeling and assumptions on population exposure [1]. The RA is not limited to a 
specific time scale, it is used to estimate dose and risk aiming at demonstrating whether a 
practice meets national legal requirements - in current and future situations - and to contribute 
to the knowledge of the impact of radiation exposures that occurred in the past [1]. 
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Public exposure and environmental impact of planned and controlled radionuclide releases 
are assessed using environmental transfer models. Although it is accepted that the use of local 
specific information improves the reliability of a RA, in practice, data of the site is not always 
available. Furthermore, other factors influence reliability such as assumptions of the 
evaluator on the critical group (representative person), scenarios and exposure pathways; and 
the use of generic models and general parameter values. Besides, the environmental modeling 
involves a series of complex mathematical procedures, designed to predict the effect of 
several events on the physical media and the biota. Thus, there are several sources of 
uncertainty in radiological assessment. 
 
This paper presents briefly, the main advances in the field of environmental radiological 
assessment aiming at improving the reliability of the models used to evaluate the 
environmental radiological impact. The intercomparison exercises of model supplied 
incompatible results, enhancing the need for developing reference methodologies for 
environmental radiological assessment that allow to confront dose and risk  estimations in a 
common comparison base. The results of the intercomparison exercises are present briefly. 
 

2. STATE-OF-THE-ART IN RADIOLOGICAL ASSESSMENT 

2.1. International Scenario  
 
The concern with the reliability of the models used in RA is widespread over the world [2, 3]. 
The Biospheric Model Validation Study - BIOMOVS, 1985, was the first international 
exercise that aimed at testing and validating environmental models used in the nuclear area. 
Later, the International Atomic Energy Agency (IAEA) initiated a series of long term 
programmes in the areas of environmental modeling, public exposure assessment and 
environmental radiological impact. The programme “Validation of Environmental Model 
Predictions" - VAMP" was concerned with models and data relevant to the terrestrial, aquatic 
and urban environments. The principal objectives of the VAMP were: (1) to create 
mechanisms of validation of assessment models for radionuclide transfer in the terrestrial, 
aquatic and urban environments; (2) to guide, if necessary, research to acquire data for the 
validation of models used to assess the most significant exposure pathways; (3) to review the 
status of environmental assessment modeling post-Chernobyl, and to identify the principal 
areas of uncertainty in models used for radiation dose assessment; (4) To establish "test 
scenarios" for model validations selected to improve the reliability of predictions of 
radionuclide transfer in the pathways chosen.  
 
The programme BIOsphere Modelling and ASSessment – BIOMASS, launched in October 
1996, was concerned with developing and improving domestic capabilities to predict the 
transfer of radionuclides in the environment. It had the following themes: (1) “Radioactive 
waste disposal”, (2) “Environmental release” and (3) “Biosphere processes”  
 
The programme Environmental Modeling for Radiation Safety EMRAS, which ran from 
2003 until 2007, was concerned with the areas of uncertainty of the models for predicting the 
consequences of radionuclide releases in certain types of environments, remediation of sites 
with radioactive waste and the environmental impact on the biota. It had the following 
general objectives: (1) to improve models and modeling methods by model testing, 
comparison and other approaches; (2) to develop international consensus, on environmental 
modeling philosophies, approaches and parameter values; (3) to develop methods for the 
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assessment of radionuclide transfer in the biosphere in areas where they did not already exist; 
(4) to provide exchange of information on environmental assessment modeling. 
 
Due to the gaps that already existed in the area of environmental modeling, the IAEA 
launched the programme “Environmental Modeling for Radiation Safety II” (EMRAS II) in 
2009. The general objective of the EMRAS II programme is to improve the capabilities in the 
area of dose assessments through better data acquisition and the performance of tests and 
model comparison to reach a consensus on approaches, philosophies and parameter values 
employed in modeling. The EMRAS II program emphasizes the improvement of 
environmental transfer models in order to reduce uncertainties and emphasizes the 
development of new approaches. This is all to improve the evaluation of radiological impact 
from radionuclides in the environment to man and non-human biota. The EMRAS II program 
consists of themes including reference approaches for human dose assessment, approaches 
for biota dose assessment and approaches for assessing emergency situations, each comprised 
of several working groups [4]. 
 
Additionally, the probabilistic approach of dose and risk has been used to help decision 
making [1]. In the probabilistic approach data consistency tests and trend tests of the 
estimates employed are conducted while data collection, obtainment and organization follow 
statistical principles such as randomness and representativeness. In this way, the random 
behavior of the variables or input parameters is considered, predicting the probability of 
occurrence of each population exposure, the interval of risk values and the probability of 
occurrence of these values. 
 
On the other hand, estimates obtained from the input data, considered representatives of the 
parameters or magnitudes to be inferred are used in ERIA deterministic modeling. 
Technically, they correspond to the parameters estimated by descriptive statistics (mean, 
median, standard deviation, etc.), they are not usually tested for consistency or significance, 
and they may be biased. Thus, the manipulation of numerical values in a deterministic 
approach results in the synthesis of the behavior of a sample of a certain system, in a given 
place and time, without considering the random nature of such behavior. Given the technical 
constraints, the conclusions of a deterministic approach do not allow a more consistent 
support to decision making, except when there is a large volume of data or when the nature of 
the problem investigated indicates a marked trend in the observed data. This kind of approach 
is still used in ERIA in several countries, including Brazil. 
 
It should be enhanced that in the probabilistic analysis of dose in prospective RA, the ICRP 
recommends that the representative individual be defined such that the probability is less than 
about 5% that a person drawn at random from the population will receive a greater dose. This 
means that, depending on the size of the population, many individuals will have doses greater 
than that of the representative individual, because of the nature of distributions in 
probabilistic assessments. This situation is not a problem if the doses are less than the dose 
limit or constraint. However, if the assessment indicates that a few tens of persons will 
receive relevant doses above the established standard, then the characteristics of this group of 
population need to be collected and considered. If, when these factors are added to further 
analysis, the doses still exceed the established limits, actions to manage radioactive waste 
should be considered. The probabilistic assessment allows the population to have a better 
understanding of risk and its use in environmental radiological impact assessment (ERIA) is 
recommended to help decision making [1].  
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Thus, an international consensus on methodologies, approaches, models and data employed 
to improve the reliability of RA, does not exist. Due to different uncertainty sources and 
adopted approaches, the results of RA obtained by different countries for the same problem 
may not be compatible.  

2.2. Brazilian Scenario 
 
CONAMA resolution 001/86 [6] defines environmental impact as “any alteration of the 
physical, chemical or biological properties of the environment, caused by any kind of matter 
or energy resultant from human activities, that directly or indirectly affect:  
I – the health, the safety and the well being of the population;  
II – social or economical activities;   
III - the biota;  
IV –the aesthetic or sanitary conditions of the environment;  
V – the quality of the environmental resources”. 
 
Thus, the concept of environmental impact takes into account all the components of the 
environment, and not only humans. In many countries, including Brazil, the environmental 
radiological assessment is based solely in human protection. However, scientific evidences 
indicate that protective measures based solely on man are not always adequate for all the 
components of the environment. Several international forums have criticized the paradigm of 
the International Commission for Radiological Protection (ICRP) that "the standards of 
environmental control needed to protect man to the degree currently thought desirable will 
ensure that other species are not put at risk...”. This led international organizations to 
establish environmental protection policies including the integrated analysis of the 
environment aiming at the protection of the environment as a whole including the non-human 
biota, on the regulatory framework of nuclear licensing and control of authorized 
radionuclide releases [7, 8, 9]. 
 
Operationally, ERIA is reduced to the comparison between the limit of effective dose 
equivalent established by the regulatory authority and the annual total effective dose 
equivalent due to internal and external exposures for the critical group [10]. Besides, ERIA 
has been performed in Brazil using generic models of environmental transfer of radionuclides 
that produce simple estimates of the value of the dose for the critical group (representative 
person) assuming pessimistic scenarios of exposure. Due to the inexistence of specific local 
parameters or parameters determined for tropical climate, parameter values for temperate 
climate have been used as model input data, increasing the uncertainty of the results of RA. 
 

3. MODEL INTERCOMPARISON EXERCISES  
 
Various models have been used in RA, such as PC-CREAM, IMPACT, CROM, SYMBOISE, 
CLRP POSEIDON and GENII. These models are radionuclide environmental transfer 
models, considering a number of different transfer pathways. The main goal of each of these 
models is to determine the dose to a human receptor. 
 
Models that simulate environmental transfer of radionuclides and estimate dose for humans 
have been tested and compared within the IAEA programmes. Model intercomparison was 
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performed using standardized data set and scenarios. Nevertheless, the predictions of the 
models were incompatible in many situations.  
 
In the framework of EMRAS II programme, different models were applied to estimate the 
transfer of radionuclides in the environment and doses for man. A case study considered a 
nuclear power reactor placed in a coastal region. Continuous releases of 60Co, 85Kr, 131I, and 
137Cs to the atmosphere and of 60Co, 137Cs, and 90Sr to the marine environment were assumed. 
The dose predictions of the models for the atmospheric release of Cs-137, varied up to a 
factor of 3. In the case of marine release of Co-60, predictions varied by an order of 
magnitude. The difference between the results was attributed to the fact that a group of 
models was based on the plume model and the other on the box model. The box models were 
about 20 times less conservative than the plume models. The figure 1 shows the predictions 
for the marine release of 60Co [5]. 
 
 
 

 
 

It can be observed that more complex models use several parameters and admit boundary 
conditions that are not used in generic models. The sensitivity analysis of data was not 
performed in model intercomparison, thus the identification of more significant variables for 
dose estimation, was not possible.  
 

4. CONCLUSIONS 
 
The exercises of model intercomparison showed the existence of significant discrepancies 
among dose estimations. Despite efforts undertaken, a common comparison base that allows 
confronting results of ERIA conducted in several countries is not available yet. The 
sensitivity analysis of the input variables will allow deciding which estimate data should be 
refined and which are the most critical elements of the system for the prediction of the 
models.  
 
In the national framework, Brazil has not yet inserted neither an integrated assessment of the 
environment that takes into consideration dose estimation for a non-human biota or a 

D
os

e 
(m

Sv
/y

) 

Figure 1: Predictions of the models for the marine release of 60Co [5]. 
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probabilistic approach to support decision making in the ERIA process. The development of 
an ERIA reference methodology and the standardization of data and reference exposure 
scenarios are fundamental for the comparison of dose estimations.  
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