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ABSTRACT 

 
The MAPRAD Project main objective is to increase the knowledge of the distribution of natural radioactivity in 

soils of Brazilian national territory and to provide (among others) information which are essential for medical 

geology and environmental radiation safety researches and for decision-making process regarding soil 

contamination levels. It also aims to make available the generated information for researchers and for public, 

through an online database. Soil samples are collected by the Geological Survey of Brazil (CPRM) and are sent 

to the Institute of Radioprotection and Dosimetry (IRD), National Commission of Nuclear Energy (CNEN), 

where they are processed and analyzed for determination of concentrations of radionuclides by gamma 

spectrometry. The results are inserted into a database containing the sample information as geographic 

coordinates of the samples and land use. After the sample analysis, results are made available for the scientific 

community access on Internet. 

 

  

1. INTRODUCTION 

 
Radioactive nuclides (radionuclides) arouse public awareness and its spatial distribution should then 

be known and be part of a geographic information system.  

 

Radionuclides in the soil occur naturally in different levels. Besides, the soil radioactive level can be 

enhanced by various activities as routine or accidental release of nuclear facilities, nuclear weapons 

testing, and improper disposal of radioactive waste. The content of radionuclides in soil is important, 

since the soil is the principal route of exposure to external radiation; also soil is the main route of 

entry of these nuclides in plant tissue and components of human diet as well as for their migration for 

water bodies [1, 2]. 

 

Radiological surveys have been conducted in Brazil and other countries in order to determine the 

concentrations of natural and artificial radionuclides in areas of native vegetation, agriculture, places 

with the occurrence of high concentrations of primordial radionuclides or in case of suspected 

contamination. Among the most studied natural radionuclides in the soil are the isotopes of uranium 

(U), thorium (Th), radon (Rn) and radio (Ra) [3]. However, given the enormous size of Brazil, these 

surveys are remarkably small, focused in a few areas with a relatively small number of analyzed 

samples. 
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In Brazil, some surveys of the levels of heavy metals were performed, and the Conselho Nacional de 

Meio Ambiente (National Council of the Environment –CONAMA) has published reference values 

for metals based on these studies [4]. For radionuclides, the reference levels in soil are not defined 

yet, which would be useful for discriminating between possible contamination and naturally 

occurring. Hence, the survey of currently concentrations of natural and artificial radioactive nuclides 

can cooperate in setting reference values for radionuclides in soil. 

The Serviço Geológico do Brasil (Geological Survey of Brazil – CPRM) has been developing the 

project "Multipurpose Geochemical Survey" (PGAGEM) since 2008, in order to assess the chemical 

composition of the bedrock, soils, surface water and groundwater, and to provide for multiple-users 

data and information for searching of new mineral deposits, natural fertility for agriculture, natural 

sources of contamination and anthropogenic chemical contaminations that are considered harmful for 

human health [5]. Geochemical studies integrated with public health information will be conducted, 

aiming to identify areas and communities exposed to adverse effects related to the elements and toxic 

substances. The project will provide and make available a database of geo-referenced analytical 

results, in the whole Brazilian territory. 

As part of the PGAGEM, the cooperation between the CPRM and the Instituto de Radioproteção e 

Dosimetria (Institute of Radioprotection and Dosimetry - IRD/CNEN) of the Comissão Nacional de 

Energia Nuclear (Brazilian National Commission of Nuclear Energy - CNEN) aims to develop the 

MAPRAD, Mapping the Radioactivity in Brazilian Soils. The objective is to conduct a survey of 

radioactivity in Brazilian soil that will be available for the public in the form of an online and geo-

referenced database of the activity concentrations of radionuclides in surface horizons. Thus, the 

institution has been constructing an inventory that will identify and evaluate the occurrence of 

radionuclides in Brazilian soils that will contribute to the assessment of the presence of these nuclides 

and their relationship with public health detriment. However, it is not enough to provide a database. 

Besides the challenge of performing a mapping with a sense in terms of space, there are the 

challenges of ensuring the traceability of the stored samples and the quality of data produced by the 

different laboratories. These are all requirements to which the MAPRAD project was designed to 

comply. 

This article presents the MAPRAD project and the methodology adopted in it. 

 

2. MATERIALS AND METHODS 

 
Soil samples of the B horizon (5-30 cm depth) are collected by the field staff of the CPRM, with 

stainless steel auger or paddles, and then the samples are identified. A portion of the sample goes to 

chemical and physical-chemical property determinations. Another part, around 500 grams, is sent to 

the IRD, in which the sample is dried 48 hours in an oven, milled, sieved at 2 mm mesh, mixed and 

stored in plastic bottles of 300 grams of capacity.  

Before the analysis, the selected samples need to be stored during 40 days for the achievement of the 

radioactive equilibrium between radium and radon. After this period, the samples are sent to the 

laboratories to conduct measurements of activity concentration of radionuclides by gamma 

spectrometry in a hyper pure germanium detector (HPGe). The activity concentrations of the isotopes, 
228

Ac, 
40

K, 
137

Cs, 
214

Pb and 
214

Bi are determined. 
226

Ra and 
228

Ra are determined by the indirect 

method: 
226

Ra by the average of the values of 
214

Pb and 
214

Bi concentrations and 
228

Ra by the 

concentration of 
228

Ac.  
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Due to the large numbers of samples to be collected (about 10,000 samples are expected to be 

collected), initially only 30% will be choose to be analyzed by gamma spectrometry. However, all 

samples will be processed, identified by sequential numbers (filed), labeled and stored in a soil 

storage room, which was specially prepared for this purpose.  

The site selection methodology for sampling (low-density geochemical mapping) focuses primarily on 

watersheds where there are health problems that might be related to the environment, and areas with 

evidences of changing in their soil quality that might damage the health of living beings.  

The coordinates of the sampling stations are obtained by direct measurements with GPS (global 

positioning system). For the Amazon region, due to the problem of access, basins with catchment 

areas of around 2,000 km ² (1,000 - 3,000 km
2
) are sampled, while for the other regions the area of the 

selected basins are between 100 and 200 km
2
 [7]. 

For ensuring of the traceability of samples and the quality of analytical data, a strategy was adopted in 

this project. Thus, all the information forwarded by CPRM samples is inserted into the database 

system. Then the samples to be analyzed are chosen based on viewing of the sample in the national 

territory taking into account their geographical position, in accordance with the geographic 

coordinates provided by the staff of CPRM. This view is given in the Google Earth software.  

By normalizing the procedures in the three participating laboratories, a measurement protocol was 

established. The control of the analytical quality is performed by repeating 10% of the samples: from 

every 10 samples, one is repeated. In addition, a standard soil is analyzed with every 20 samples.  

The results obtained by the laboratories are statistically evaluated and, if approved, are inserted in the 

database. Meetings with the staffs of the three laboratories that participate of the project are 

periodically held to discuss the results with regarding to precision and accuracy, and then 

opportunities for improvement are identified. 

The methodological procedures followed in this project are they undertaken by the CPRM-PGAGEM 

are similar to the procedures established in the project IGCP-259 UNESCO - IUGS and in the 

"Working Group on Global Geochemical Baselines" of the IUGS (International Union of Geological 

Science) and IAGC (International Association of Geochemistry and Cosmochemistry). This allows 

comparisons with analogous studies which are carried out in other countries [6]. 

 

3. RESULTS AND DISCUSSION 

 
Since the beginning of the Project, the IRD received 631 soil samples, of which 168 samples have 

been  analyzed so far. Samples of the Brazilian states of São Paulo, Rio de Janeiro, Espírito Santo, 

Pará, Minas Gerais, Mato Grosso do Sul and Pernambuco were collected, their data were put into the 

geographic information system (figure 1) and they are being processed to be analyzed by gamma 

spectrometry. The obtained values of concentrations are ranging from 3.1 ± 0.5 to 174 ± 1 Bq/kg for 
226

Ra, from 2.5 ± 0.2 to 333 ± 5 Bq/kg for 
228

Ra and from 2.4 ± 0.5 to 2377 ± 263 Bq/kg for 
40

K. All 

the values for 
137

Cs were below the value of detectable minimum activity of 0.2 Bq/kg. 
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Figure 1. Visualization of sample locations at the Google Earth software. 

 

 

 

4. CONCLUSIONS 

 
A methodology to ensure the traceability of received soil samples was established. A soil collection 

room was implanted for these samples.  

 

An analytical quality control protocol was established, which is accomplishing the quality of data of 

the three different laboratories.  

 

The system for providing data on the web was developed and implemented.  

 

Insofar as generated the analytical results are inserted in the web-based system, and will become 

available to the public after their publication in technical specialized journals.  

 

A mapping of radioactivity in Brazilian soil, nonexistent so far, has now begun to be drawn. 
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