
P-145 EXPOSURE TO ENHANCED LEVELS OF RADIOACTI VITY AND TOXIC 
METALS IN URANIUM MINING AREAS 
CARVALHO FP1, MADRUGA MJ1, ALVES JG1, REIS MC1, OLIVEIRA JM1, 
LEITE MM2, PINTO EM2, FALCÃO JM3 
 (1) Instituto Tecnológico e Nuclear, Departamento de Protecção Radiológica e Segurança Nuclear, 
E.N. 10, 2686 -953 Sacavém, Portugal  
 (2) Instituto Nacional de Engenharia, Tecnologia e Inovação, Laboratóri o de S. Mamede de Infesta, 
Rua da Amieira, Apartado 1089, 4466 -956 S. Mamede de Infesta, Portugal 
 (3) Instituto Nacional de Saúde Dr Ricardo Jorg e, Av. Padre Cruz, 1649 -016 Lisboa, Portugal  
 



 
 
Presentation preference: 
Poster Only                                                 
 
Major scientific thematic 
areas: TA6 - Radiation 
Protection of the Public 
and the Environment  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_0LW0UGTAV 
 

 
Abstract 

 
The areas of several former uranium mines in Portugal were investigated for 
concentrations of radionuclides belongi ng to the uranium and thorium series as well 
as for stable metals eventually present in the radioactive ore. Concentrations of 
radionuclides were determined by alpha and gamma spectrometry in mining and 
milling waste as well as in soils, water and vegetables grown in the area. Stable 
metals were determined by mass spectrometry in soils and waters from the mining 
regions. Concentrations of radionuclides, such as uranium isotopes, 226Ra and 210Po, 
were enhanced in mill tailings and in mine waters, as well as in surface  waters near 
the facilities of uranium ore treatment. For instance, the concentrations of 226Ra in 
mill tailings reached 25 kBq/kg whereas in mud from ponds used to treat acid mine 
water 238U concentrations reach about 42 kBq/kg in radioactive equilibriu m with 
234U. The areas receiving surface runoff and drainage from mill tailings displa y 
enhanced concentrations of naturally occurring radionuclides. These concentrations 
in the most contaminated soils may be up to 200 times higher than concentrations in 
agriculture soils of the region. With increasing distance to the tailings and mining 
waste heaps, the concentrations of radionuclides decrease rapidly to background 
values. The same trend is observed with environment radiation doses that may reach 
values of 20 µSv/h on the tailings and decreasing to values near 0.2 µSv/h on 
agriculture fields. Radiation doses received by people living near the uranium mill 
tailings may be higher than the radiation dose from natural background. R esults of 
external radiation dose measurements are discussed in the light of recommended 
dose limits for members of the public. Regarding stable metals and other chemical 
contaminants present in the ore, the majority were measured in soils and 
underground waters in concentrations below the maximum permissible 
concentrations generally accepted, although more elevated in the vicinity of 
uranium mining areas. For instance, average values of 103 mg/L Cu, 35 mg/L Pb 
and 48 mg/L U were measured in soils nearby one of the main mining areas, and 
decrease to 37, 26, and 19 mg/L, respectively, in the agriculture soils of the region. 
Concentrations in underground waters decrease from 4.0 µg/L Cu, 2.1 µg/L Pb and 
1.9 µg/L U to 1.8 µg/L Cu, 1.3 µg/L Pb and 1.5 µg/L U for the same comparison 
scenario. Despite the complexity of the element distribution patterns found, it was 
possible to recognize geochemical trends in the concentrations of a set of elements 
that is positively correlated with the vicinity of uranium mineralizations and 
uranium mining works.  

 


