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ABSTRACT 
 
Nuclear or radiological emergencies can affect food, feed and commodities grown. The regulatory bodies has a 

role in the post-accident phase instructing the population regarding the consumption of agricultural products, 

monitoring and recovering the contaminated areas and disposing the generated waste. To deal with 

nuclear/radiological emergencies, in the end of 2007, Brazil took part of the ARGOS consortium. ARGOS is a 

software used for support the Preparedness and Response of a nuclear emergency. Specifically for use during the 

recovery phase, ARGOS has a module called AgriCP (Agricultural Countermeasure Program). This functionality 

was add to the version 9.0 of ARGOS, in 2012, replacing FMD (Food and Dose Module) model. AgriCP can be 

very useful in the post-accident phasing, helping to planning the actions that must be taken, saving human and 

budged resources. However, most of the parameters used by default for the model are specific for Central Europe 

and must be adapted to the Brazilian characteristics. In this paper the basic functionalities of AgriCP are presented 

and a general view of the issues to be addressed while implementing AgriCP for the Brazilian case is given. 

Besides the lack of specific parameters for the Brazilian reality, the definition of the area to be considering for 

intervention in an accident, taking into account the very complex meteorological characteristic of the Brazilian 

NPPs (nuclear power plants) site, are some of the matters of concern.     
 
 
 

1. INTRODUCTION 
 
Accordingly to the Brazilian legislation, all nuclear facilities must be licensed following the 

requirements established by CNEN [1]. Under the licensing framework the operating facility 

must comply with some set limits to the release of radioactive materials in the environment. 

Those limits are valid under normal operation. In case of an emergency, due to a severe 

accident, the facility has a potential to release large amounts of radioactive material to the 

environment. 
 
Nuclear or radiological emergencies that result in a release of radioactive material to the 

atmosphere, or to the water bodies, can affect food, feed and commodities grown. Thus, 

agricultural products may become contaminated with radionuclides and regulatory authorities 

must instruct the population with relate to the consumption of these items. Is also the role of 

regulatory bodies work in the post-accident phase, monitor and recover the contaminated areas 

as well dispose the generated waste. 
 
The IAEA established requirements to guide the regulatory bodies on how to respond to an 

emergency [2]. The GSR Part 7 has some dose criteria for use in the transition between the 
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urgency phase and the post-accident phase. Nevertheless, those criteria addresses the reduction 
of deterministic and stochastic effects with generic protective actions and do not consider 
specific countermeasures, or long-term actions, that should be taken in the post-accident. 
 
In order to acquire a tool to deal with nuclear/radiological emergencies, in the end of 2007, 
Brazil decided to take part of the ARGOS consortium. ARGOS is a proper software for support 
the Preparedness and Response of a nuclear emergency and a useful tool to use during 
Recovery and Evaluation phases. Specifically during the Recovery phase, ARGOS has a 
module called AgriCP that was designed to simulate, and estimate, the effects of diverse 
agricultural countermeasures that may be applied to an impacted area [3]. 
 
AgriCP can be very useful in the post-accident phasing, helping to planning the actions that 
must be taken, saving human and budged resources. However, most of the parameters used by 
default for the model to perform the estimate of doses, are specific for Central Europe and must 
be adapted to the Brazilian characteristics. Furthermore, some predicted countermeasures are 
not applicable for the Brazilian farming reality. This work intends to present AgriCP 
functionalities and briefly discuss some difficulties to be faced while implementing the module 
in Brazil. 
 
 
2. MODELLING APPROACH AND LIMITATIONS FOR THE BRAZILIA N CASE 

  

AgriCP was designed to estimate the effects of specific agricultural countermeasures on the 
doses related with ingestion of contaminated food. These countermeasures are intended to be 
implemented a few days after the contamination and may last over long periods. AgriCP works 
integrating the countermeasure simulation engine into the physical modelling of the food chain 
model FDM – Food and Dose Module for Terrestrial pathways [4]. 

 
The following aspects of AgriCP design and application will be discussed:  
 

• Required inputs for AgriCP modeling and the use of the FDM pre-processor (FDM-PP) 
to create atmospheric dispersion data from measurements;  

• Countermeasures foreseen by the module; 
• Challenges in applying AgriCP for the Brazilian reality. 

 

2.1. Required inputs  
 
FDM is the module within the ARGOS for simulating the transfer of radioactive material 
through the food chain and assess the doses to the population, via all relevant pathways, as 
illustrated in Figure 1:  
 

• external irradiation from the radionuclide in the plume, 
• external irradiation from radionuclides deposited, 
• internal exposure from inhalation of radioactive material from the plume or 

resuspended material, and 
• internal exposure from ingestion of contaminated foodstuffs.  
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Figure 1: AgriCP exposure pathways 

 
In order to perform the calculations for the doses estimate, the FDM uses the data from ARGOS 
geographical database, the model parameter database and the atmospheric dispersion modules. 
The user must also inform as an input what he wants to see, using the Graphical User Interface 
(GUI) [4]. 
 

2.1.1 Geographical database 
 

The input required by FDM from ARGOS geographical database are: 
 

• Soil type; 
• Index of the radioecological region, which defines the set of model parameters to be 

used for each location; 
• Foodstuffs for which production data are given in the location; 
• Production of these foodstuffs (kg.y-1); 
• Number of inhabitants. 

 
Data must be provided for each chosen location, also called communities by ARGOS. The 
communities, must have the same geographical information as those in the atmospheric 
dispersion module and should be defined based on criteria like climate, agricultural production 
systems, or administrative regional boundaries, depending on the interest and characteristics of 
the region.  
 
Since the transfer of radionuclides through food chains differ from region to region, because is 
highly sensitive to regional characteristics, many model input parameters have to be adjusted 
before it can be applied to a given community. For this purpose, in ARGOS, radiological 
regions can be defined, i.e. regions with relatively uniform radioecological conditions, for 
which the same set of model parameters can be used. For each radioecological region the 
considered feed and foodstuffs as well as all corresponding model parameters can be defined 
individually. Each community is linked with one of the predefined radioecological region using 
the corresponding index. This data can be imported directly to ARGOS using a shape file 
format, and then be edited using a program provided with ARGOS (DBEditor). 
 

2.1.2 Atmospheric dispersion module and the use of the FDM-PP  
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The radionuclide specific or atmospheric input data required to FDM performs its calculations 
are:  
 

• the time-integrated activity concentration in air (Bq.s.m-3); 
• the activity deposited by precipitation per unit ground area (wet deposition activity 

Bq.kg-1); 
• the amount of precipitation if wet deposition has occurred (mm); 

 
This input has been chosen because these quantities can be estimated by the atmospheric 
dispersion model or can be measured on the field. But these input data are not directly used in 
the calculations, instead the data actually used in the food chain calculations are related with 
basic deposition of the radionuclides, such as: activity in grass, activity in soil and activity in 
other plants. The last data are derived from the previously mentioned input data using a 
deposition model. Thus, for the assessment of food chain transfer and radiation exposure, the 
input quantities have to be further processed. 
 
Direct measurements for some of the input parameters can be expected at very few sites. Most 
probably, the data available by measurements would be only the total deposition. Therefore, 
the FDM-pre-processor (FDM-PP) was developed as a general interface between 
measurements and the model, with the basic purpose to estimate the input data, as required by 
FDM, from the measured total deposition. In order to perform these estimation, some 
assumptions have to be made, which causes high uncertainty on the results. To reduce this 
uncertainty, it is possible to include additional data, but ARGOS was not designed to combine 
the atmospheric prevision with measurements. Thus, any additional measurements data must 
be used directly as input to FDM. These additional data may include information about 
concentration of activity in air, wet deposition, and the amount of precipitation measured at a 
specific site. 
 
Considering that the FDM assess the food contamination, and related doses, to each defined 
community, the input data for FDM must be representative of each individual community. If 
there is only one measurement taken at an individual location, then that result is assumed as 
representative of that community. On the other hand, if more than one measurement is available 
from different locations within the same community, then the data have to be properly averaged 
to get representative data. 
 
Likewise, in FDM-PP, data from a community can be used to derive missing information on 
other sites. This requires the geographical co-ordinates of the location where the measurement 
was taken as an additional input. This approach is not expected to be robust, so extreme caution 
with the evaluation of the results is mandatory. 
 

2.1.3 Model parameter database 
 

The radiological model used in the food chain and dose module FDM requires several 
parameters that describe the behavior of radionuclides in the environment. A SQL database is 
used to store those parameters and the FDM and FDM-PP read the database to perform the 
calculations [5]. These parameters can be grouped according to their roles in the dose 
calculation model in some specific datasets, such as: deposition and interception parameters, 
food chain transfer parameters, internal dose parameters. 
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2.1.3.1 Deposition and interception parameters  

  
The radionuclide transfer through the food chains starts with their deposition and interception 
by vegetation and soil. This process also controls the external exposure. The total deposition 
have to consider dry and wet deposition. According the conditions, dry or wet deposition, the 
total deposition may vary greatly, thus it is important to take in account those conditions in the 
calculations. 
 
The dry deposition velocity varies with the plant and is influenced by the deposition and 
interception parameters, e.g. canopy resistance. This specific parameter is related with the stage 
of development of plant and is characterized by the Leaf Area Index - LAI (m2.m-2). AgriCP 
has some default values for LAI, accordingly to the month (season), and they are shown in 
table 1 for some plants. 
 

Table 1: AgriCP default values for some leaf area index [4] 
 

Plant 
LAI per montha 

Jan March May October 
Pasture 0.01 0.05 1.5 1.5 
Lawn 0.01 0.05 0.5 0.5 
Oats 0 5 1 0 
Maize 0 1 5 4 
Beet 0 1 4 3 
Potatoes 0 4 4 0 
a. default values for Central European conditions, in the south 
hemisphere those values will change. 

 
2.1.3.2 Food chain transfer 

 
When calculating the radionuclide transfer through the food chain, some parameters are 
relevant and need to be considered, as those below: 
 

• contamination of plants – The contamination happens either by foliar or root uptake 
of radionuclides, and also by resuspension of contamination; 

• contamination of animal products – This contamination results from activity intake 
by animals, either by inhalation of radionuclides or ingestion of contaminated 
feedstuffs, including ingestion of soil by cattle; 

• contamination of feedstuffs and foodstuffs – This pathway takes into account that the 
processing, or culinary preparation, may enrich or dilute the activity on feed or 
foodstuffs, as well as processing and storage times, may allow the radioactive decay. 

 
It is possible to calculate the concentration activity due to the root uptake from the 
concentration of activity in the soil. This is done by using the transfer factor, which gives the 
fraction of concentration in plants (fresh weight) and soil (dry weight). The soil-plant transfer 
factor is highly dependent on the soil type so, ARGOS was programmed with the possibility of 
defining four different soil types within each radioecological region. A transfer factor may be 
given for each one of these soil types in the model parameter files. 
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The contamination of animal products (e.g. milk, meat, eggs) is result of the activity intake by 
animals and is also related with the radionuclides biokinetics. The activity ingested by the 
animals is calculated from the concentration of activity in the different contaminated feedstuffs 
and from the feeding rates. Cattle may ingest soil during grazing and, thus, the intake due to 
ingestion of contaminated soil is also considered. Default intake rates can be used if there is no 
specific information available; however for a realistic dose assessment, during real emergency 
situations, the particular feeding regimes have to be considered and the rates have to be adapted. 
 

2.1.3.3 Internal dose calculation  
 
Internal dose calculations consider the doses from ingestion and inhalation. The intake of 
activity by man due to the ingestion is calculated from time-dependent concentrations of 
activity in foodstuffs and human consumption rates. The human consumption rates are related 
with dietary habits and are age-dependent, which must be considered. As default, FDM uses 
average German consumption rates for age groups, given in table 2. 
 

Table 2: Some AgriCP default values of consumption rates for age group [4] 
 

Foodstuff 
Consumption rate (g.d-1) 

1 y 5 y 10 y 15 y Adults 
Beef (cattle) 3.0 35 38 46 55 
Beef (cow) 1.5 18 19 23 27 

Beer 0 0 12a 130a 610 

Butter 0 6.1 9.5 12 18 
Cheese (acid) 0 6.6 8.9 12 17 
Cheese (rennet)  0 10 14 19 26 
Chicken 1.5 11 12 14 17 
Condensed milk 0 11 14 16 18 
Cream 0 9.6 13 14 16 
Eggs 5.0 18 25 36 43 
Fruit 150 72 91 100 120 
Fruit vegetables 12 36 41 46 47 
Leafy vegetables 58 74 79 86 94 
Milk 560 140 180 210 230 
Pork 3.9 72 78 90 108 
Potatoes 45 35 60 83 160 
Root vegetables 21 24 29 33 33 
a: It should be noted and emphasized that those are German values and, considering that in 
Brazil the legal age to consume beer is 18 years old, those values most likely will change. 

 
2.1.3.4 Location factors 

 
Location factor, also known as shielding factor, have to be considered when performing 
effective dose estimates. They are defined in ARGOS as the ratio of the average effective dose 
rate received at a specific location to that received outdoors, while standing on an open field 
without any shielding, for the same air activity concentration or deposited activity. These 
factors depend on the type of house (concerning shielding effects) and the occupancy factors 
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(average fraction of time spent indoors). The values utilized in the calculations can be adapted 
for each radioecological region separately. 
 

Table 3: Default values for location factors considering 100% of occupancy [4] 
 

House type 

Internal exposure from inhalation (RInh) External 
exposure 

from 
cloudshine 

(Rc) 

External 
exposure 

from 
groundshine 

(Rg) 

noble gases elem. iodine aerosols 

low shielding 1.00 0.50 0.50 0.80 0.50 
medium shielding 1.00 0.50 0.50 0.50 0.10 
high shielding 1.00 0.50 0.50 0.20 0.01 
street 1.00 1.00 1.00 1.00 1.00 

 

2.2. Agricultural countermeasures 
 
The main purpose of modelling agricultural countermeasure is to define if an intervention is 
required or not [6, 7]. Accordingly to the AgriCP results, some countermeasures may be 
recommended to minimize, or even prevent the transfer of radionuclides to the food chain and, 
thus, diminish the dose to the humans. If the program points out that a countermeasure is 
needed, then it will give information about how that specified countermeasure will reduce the 
duration or extent of food restriction. One of the model’s answer is a screening of all possible 
strategies, indicating which is the most effective or appropriate to the proposed scenario. A 
brief description of each one of the countermeasure foreseen by AgriCP is given next. 
 
Doing Nothing 
When the predictive activity concentrations in food are above the maximum permitted levels 
apply a countermeasure is not an option, instead the food has to be disposed. Disposal is not 
consider as a countermeasure, nevertheless it will continue while the activity concentrations 
exceed the criteria. The quantities of disposed food are calculated by the module. 
 
Stopping production 
Stop the production of all foods from a certain number of days after the deposition and for a 
given duration. This option includes stopping slaughter, slaughtering production of dairy 
livestock and suppression of lactation before slaughter. Stopping food production is an option 
to reduce the amount of contaminated foods requiring disposal. 
 
Food processing 
There are no differences between processing under normal conditions and processing as a 
countermeasure, but contamination can be reduced or removed, by processing some foods. It 
is considered to producing butter, cheese, condensed milk, and cream, from contaminated milk 
and flour and bran from wheat and rye. 
 
Storing food 
The storage of processed foods allows the reduction of contamination due to the decay of short-
lived radionuclides. Since it is too risky to spoil raw products, they should not be stored. 
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Removing from feed 
Removal of animals from contaminated feed area means that animals will not eat contaminated 
feedstuff. This can be assured by removing animals from contaminated pasture. This removal 
begins some days after the start of deposition and have a defined duration. 
 
Clean feeding  
Supplement animals with clean feed means reducing the use of contaminated feed and give 
clean feed instead. The countermeasure can be specified with a separate reduction factor for 
each foodstuff or a single factor for all. 
 
Substituting feed 
Substitution of animals feed with others less contaminated or uncontaminated feeds. 
 
Addition of sorbents 
Sorbents can be added to animals’ feeds in order to reduce the absortion of radionuclides from 
animals and the transfer to food products, e.g. milk and meat. 
 
Amelioration 
Is the treatment of soils to improve their quality and reduce the uptake of radionuclides by 
plants. It changes the transfer factor from soil to crop. 
 
Land use change 
The change considered is the change from agricultural production to forestry. Food production 
permanently stops after the implementation of this option. 
 
Crop change 
Deals with changing the crop species or variety so that given foodstuffs will not be produced 
after a given number of days after deposition. The species to be cultivated in substitution of the 
original crop are that which gives the lowest contamination, and they are automatically 
selected. 
 
Deep ploughing 
The objective of deep ploughing is access more profound soil layers than common ploughing. 
After the deposition those layers should not be contaminated and thus it is assumed that this 
process reduces the activity in the soil available to the plants by putting contamination out of 
the reach of plant’s root system. 
 
Skim/burial ploughing 
The principle of this technique is to skim the top layer of the soil and then bury the skimmed 
material at a depth of low soil fertility. This would not invert the fertile horizon, as in other 
techniques. In the great depth the radioactive material would not be so readily available to plant 
uptake on shallow roots systems and would allow some shielding for external exposure of 
workers [8]. 
  
Top soil removal 
Has the same principle of deep and skim burial, but removes contaminated soil entirely. 
Because of these characteristics it produces a lot of waste that have to be discarded. This 
problem must be taken into account.  
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Spreading of milk  
Deals with the spreading of contaminated milk on agricultural land. The objective of this 
measure is waste disposal of contaminated foodstuff (milk) rather than reducing contamination. 
 

2.2.1 AgricCP endpoints  
 
The outputs of AgriCP may be presented as pie charts or histograms. It depends on the type of 
data and the user needs. Overall, the main outputs are: activity in food before and after the 
countermeasure application, collective and individual ingestion dose from food consumption, 
amount of waste generated for food exceeding the intervention criteria, averted doses, dose to 
workers and required resources [6].  
 

2.3. Challenges for the Brazilian case  
 
While using the AgriCP/ARGOS to evaluate the agricultural countermeasures during an 
emergency scenario, we must, previously, choose the area of interest taking in account mainly 
geopolitical characteristics, like agricultural crops, administrative boundaries, growing season, 
human consumption rates of foodstuffs, inhabitants, etc., and defining which and how many 
communities should be set in this area. 
 
The definition of the extension of the area of interest is based on meteorological characteristics 
of the site. Speaking about the Brazilian NPP in operation, this definition can be difficult, due 
the complexity of the local meteorology. The distance that the plume can reach, with 
considerable concentration of activity, is a question that must be answered before starting any 
evaluation. Also the direction of major probability for the plume is a matter of interest. 
Although we can consider random distances and trajectories, some systematic study would 
allow a more accurate approach. 
 
The transfer of radionuclides through food chains depends on regional characteristics like 
climatological and agricultural properties, and therefore differ from region to region. This 
means that many parameters of the model have to be adjusted to the reality before it can be 
applied to a certain region. It must be noted that not only the Brazilian geophysical 
characteristics greatly differs from those in Europe, but also the socio-economic reality will be 
quite different. 
 
The region from some tens to few hundred kilometers of Angra’s NPP is particularly relevant 
in the regional and national agricultural scenario, thus can be important to consider it as a 
radioecological region of interest, for which we could define individually specific feed and 
foodstuffs as well as all corresponding model parameters. The selection of radioecological 
regions is determined by prevailing agricultural production regimes, growing periods of plants, 
harvesting times, feeding regimes for domestic animals, human consumption habits, etc. 
 
Establishing criteria to define a radioecological region can be tough, however, considering that 
the region of interest probably do not has homogenous characteristics. Besides, the lack of a 
well-organized and easily accessible database, with all the data that is needed, is a big challenge 
to face. Some information can be get from census data and some of the model parameters 
required may be available in dissertations and thesis, but they are far to be easy to find and 
process. 
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The use of default AgriCP values possibly has an impact on the doses calculation. It is always 
recommended revision of site-specific parameters before applying the module in any other area 
AgriCP input data has been revised with respect to Nordic parameters [9] and it was found 
considerable differences in the doses estimative. On the other hand, for Ireland, an evaluation 
was made and demonstrated that there is not a big impact when using default parameters, but 
the decision was taken after some study, with demands the knowledge of the specific site 
characteristics anyway [10]. In Brazil, not only all the geographic data must be gathered but 
also a large effort must be made in order to evaluate if the countermeasures proposed may be 
applied. A multidisciplinary committee should be gathered in order to study the applicable 
countermeasures, the monetary impact of applying these techniques on the field, the technical 
capability of the regional farmers and many other issues that are not directly related with 
radiation or radiological protection. 
 

 
3. CONCLUSIONS  

 
AgriCP is a very valuable tool to help the regulatory body while taking decisions after an 
accident with radioactivity liberation, though some important aspects have to be addressed 
before apply the module in Brazil. At least the following issues must be consider: range for 
evaluation, definition of communities, definition of radioecological regions, review of 
available parameters, study of impact on using default parameters and evaluation of 
applicability of countermeasures in the Brazilian agricultural scenario. 
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