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Abstract 
 
The study was designed to test if a population of Central Portugal, living 
within a short distance of abandoned uranium mines and mill tailings has 
health effects associated with exposure to uranium residues. The  
“freguesia” (county) of Canas de Senhorim, where the major uranium 
mine (Urgeiriça) and mill tailings are located, as well as seven other 
“freguesias” for comparison purposes, were investigated for 
environmental radiation, for contamination with heavy metals, and for 
the health characteristics of their populations. Concentrations of radio 
nuclides and heavy metals were measured in environmental samples and 
compared between “freguesias”. A random sample of 285 individuals 
living in Canas de Senhorim (GE: Exposed Group) was compared with a 
random sample of 312 individuals living in the comparison “freguesias” 
(GN: non exposed group). Health data of the population were obtained 
from a structured questionnaire and blood and hair samples were 
collected for biological measurements. Analysis of data tested the means, 
medians or proportions, according to the type of variables.  
Multifactorial analysis was used to eliminate confounding effects, i.e., 
multifactorial ANOVA for means and unconditional logistic regression for 
proportions.    Levels of radiation and metals were higher near the mining 
site than in most of the comparison “freguesias”. In the study of 
individuals, it was found that concentrations of Pb and Zn in blood serum 
were significantly higher in GE than in GN. Cu was also higher, although 
not significantly. This suggests a relevant exposure of GE to heavy 
metals. Exposure to internal radiation, assessed by concentrations of 
210Po in the hair, was also higher in GE. When compared to GN, and after 
adjustment for relevant variables, GE showed statistically significant 
lower levels for: 1. thyroid function (measured by thyroxine (T4) and 
thyro-stimulating hormone); 2. reproductive function in men (measured 
by testosterone, follicle-stimulating hormone and inhibin B). All 
haematological parameters studied had also lower mean counts in GE 



than in GN, the differences in platelets and neutrophyls being 
statistically significant. The mean number of children by women was 
significantly lower in GE than in GN women. The percentage of 
pregnancies ending in a spontaneous abortion or with a congenital 
abnormality was higher in GE than in GN, although not significantly. 
These results suggest a difference of reproductive health in women. The 
mean creatinine concentration was higher, and marginally significant, in 
GE than in GN, but a possible lower renal function is slightly suggested by 
the data. The results show that the differences between GE (exposed) 
and GN (not exposed) groups are in favour of the study hypothesis. 
Exposure to radiation and to heavy metal is the most plausible cause for 
the differences, as it fits into a coherent biological reasoning. 
Furthermore, no alternative causes were identified for these differences.    
 
 
 
 
Introduction 
 
There is substantial evidence on the occurrence of biological effects from 
the exposure to uranium and uranium radioactive decay products. This is 
well documented for uranium miners but little information is available on 
the effects on human populations living in the proximity of uranium mines 
and uranium mining and milling tailings.  In Portugal, most of the sixty 
uranium mines exploited is located in the centre of the country in the 
regions of Viseu, Guarda and Coimbra (Figure 1). All these uranium mines 
are currently decommissioned. The uranium mining complex at 
Urgeiriça/Canas de Senhorim, in the region of Viseu, includes an area of 
mill tailings with about 2.5 million tonnes of residues located at a 
distance of 1 km of Canas de Senhorim. The effects of radio nuclides 
contained in the tailings materials on public health and the environment 
have been a matter of much concern for the Government, local 
authorities and population. 
 
Following a recommendation approved by the Parliament, the 
Government requested a research on the effects of past uranium mining 
and mining residues on the environment and on the health of the 
populations living in their neighbourhood. The research was committed to 
the Government laboratories National Health Institute (INSA), Nuclear and 
Technological Institute (ITN) and National Laboratory of Engineering, 
Technology and Innovation (INETI), together with the Regional Centre of 
Public Health and with the Hospital S. Teotónio, at Viseu. Due to the high 
number of past uranium mines, the research focused on the mining 
complex of Urgeiriça for the reasons pointed out above. 
 
This research project, known by the acronym MinUrar, aimed at 
comparing the health condition of the population of Canas de Senhorim 
(GE, exposed group) exposed to the Urgeiriça uranium mine and mill 
tailings with the health condition of the population of another 7 
«freguesias» (i.e., small administrative units or counties) in two sub-



groups: GN1 (non exposed group 1) that includes Queirã, Rio de Mel, and 
Moreira de Rei, and the sub-group GN2 (non exposed group 2) that 
includes Campo da Madalena, Sátão, S. Pedro, and Seia (Figure 2). The 
comparisons amongst the groups include three components: two of 
environmental characteristics (A, environmental radioactivity, B, heavy 
metals and other chemical contaminants) and the third of an 
epidemiological nature (C, investigation of the effects on public health). 
 
 
 
Materials and Methods 
A. Environmental radioactivity 
The environmental radiation and radioactivity in environmental 
materials was investigated in the selected counties in order to 
characterize the natural radiation background, the modifications 
resulting from the extraction of radioactive ore and from uranium 
production, as well as to assess the radioactive contamination of soils, 
water resources and the exposure of population to ionizing radiation 
through various pathways (external irradiation, inhalation, ingestion of 
water and food). 
The ambient radiation dose was measured in the field using portable 
Geiger Muller. Concentrations of radio nuclides in environmental samples 
(soils, water, vegetables, and aerosols) were determined by gamma 
spectrometry, alpha spectrometry and liquid scintillation counting. 
Concentrations of radon in the atmosphere were determined with 
integrative passive detectors and with continuous recording equipment 
based on surface barrier silicon detectors (Carvalho et al., 2005 a; b). 

 
B. Toxic metals and other contaminants in the environment 
This research aimed at determining the geochemical pattern of the 
environment of the region and of each county, namely the distribution of 
metals and other contaminants in soils and sub surface waters. 
The 8 selected counties were sampled for agriculture soils near water 
lines, sub surface waters through irrigation wells and surface waters in 
water lines. 
Samples were submitted to chemical analysis for a set of 25 metals in 
soils and 35 trace elements in waters. Plasma Emission Techniques (DCP-
AES, ICP-AES and ICP-MS), X-Ray Fluorescence (for U and Th), Atomic 
Absorption (Cold Vapour-AA for Hg), were used for element 
quantification. Ionic Chromatography, Potentiometry with Specific 
Electrodes and Classic Chemistry methods were used for anions 
determination in waters.  All analytical schemes were developed under 
programs of quality control according to the norm EN ISO/IEC 17025. 
 
C. Effects on the population health 
An epidemiological research was carried out on several groups of the 
population with individuals aged 45 - 64 years old that were selected at 
random from the electoral rolls. In Canas de Senhorim, GE, 285 people 
were selected and in the other 7 counties (GN) 312 inhabitants were 
selected for comparison. This GN group was sub divided in two: GN1 with 



126 inhabitants of 3 counties where small mines and/or uranium 
mineralisation did occur but without mill tailings, and GN2 with 186 
inhabitants of 4 counties where uranium mining never took place and with 
no uranium mineralisation. 
The comparison between GE and GN was the main aim of the research, 
but complimentary comparisons between GE -GN1 and GE-GN2 were also 
performed . 
The collection of data on individuals (education, profession, smoking 
habits, diet, diseases, medical treatment, etc) was carried out by trained 
staff in interviews using a socio-economic and health questionnaire. 
Blood and hair samples were collected from these individuals and they 
collaborate further with placing radon and thermo-luminescent 
dosimeters in their houses. 
Comparisons between population groups were carried out on the 
following parameters, as indicators of potential effects of radiation 
exposure: 

1. Thyroid function 
2. Reproductive function in man and woman 
3. Haematological parameters 
4. Kidney function 
 

Comparisons were made also using the results of the following exposure 
indicators: 

1. Heavy metals--concentrations of lead, copper (in total blood) and 
zinc(in serum)   

2.   Concentration of 210Po in the hair, as an indicator of internal 
accumulation of uranium series radio nuclides. 

Differences amongst groups were analyzed with parametric and non-
parametric statistical tests and significance level was adopted at p<0.10. 
 
 
Results  
 
A. Environmental radioactivity 
Results of radionuclide analyses in environmental samples showed that 
several areas in the county of Canas de Senhorim, especially the areas 
used for uranium mining and for disposal of mining and milling waste 
have elevated concentrations in soils. In those areas the additional 
ambient radiation dose added to the natural radiation background 
exceeds the 1mSv annual limit adopted by the EU to the members of the 
public (Directive 96/29/Euratom). 
In some areas in the vicinity of the tailings there is a radioactive 
contamination likely due to transport of radio nuclides by surface runoff 
and percolation waters. In contrast to this, in other areas of the county, 
the environmental radiation doses and radionuclide concentrations in 
soils are comparable to those measured in counties without uranium 
mining activities. Radioactivity in soils and environment radiation doses 
in the counties of GN1 ( Queirã, Moreira de Rei and Rio de Mel) are above 
non modified radioactive background determined in GN2, due to past 
uranium mining. 



Radioactivity in drinking water was also different amongst the selected 
groups of counties. Taking into consideration all the waters used for 
human consumption, including tap water from public supplies, water from 
private supplies and water from wells, uranium and radium 
concentrations are higher in GE (Canas de Senhorim) than in GN1 and 
GN2, although 210Po and 210Pb in water are higher in GN1. Radioactivity in 
water from the public supplies alone are higher in GN1 than in GE and 
both are above those measured in GN1, reflecting naturally-occurring 
concentrations in water reservoirs (artificial lakes) rather than 
contamination from uranium mining. Moreover, the tap water distributed 
to the population of GE is in compliance with regulations on radioactivity 
in water for human consumption. 
Radionuclide concentrations determined in agriculture products, such as 
cabbage and potatoes, indicate higher values in GN1 than in GE, possibly 
due to the presence of mining waste in GN1 that was more dispersed in 
the environment than in GE. Results for both GE and GN1 are clearly 
higher than those measured in GN2. 
Radon concentrations in outside air measured in GE are definitely higher 
than those measured in GN1, and both areas are above those measured in 
GN2, probably reflecting the occurrence of uranium deposits in soils and 
in mining residues. Radon in indoor air is slightly above concentrations 
measured in GN1 and GN2. Although in average these indoor 
concentrations do not exceed 400 Bq/m3, in several houses of GE the 
average radon concentrations exceed 1000 Bq/m3.  
Suspended particles in surface air at GE carry also higher radionuclide 
concentrations than air dust in other counties. Sampling after summer 
months, has shown also that forest fires in GE have released high 
concentrations of 210Po and 210Pb into the atmosphere than usual. 
 



 

B. Toxic metals and other contaminants in the environment 
The entire data set of heavy metals and other elements analysed support 
the following 
interpretation. 
The majority of metals and other chemical contaminants measured in 
soils and underground waters in all counties, including GE, are generally 
below recommended maximum concentrations, referred in some 
legislation and other bibliography. 
Uranium in soils was considered separately. Although there are no 
regulatory limits for uranium concentrations in soils, the county of GE 
displays concentrations clearly above those measured in GN1 and GN2. If 
we take into consideration soils only from the drainage basin receiving 
waste from the uranium producing facilities, the difference is even 
larger. 
Despite the complexity of the distribution of all elements analyzed, GE 
soils are higher than those of GN1 and GN2 for a set of elements, such as 
Y, U, Cu, Pb, As, Be, Th, etc., which is clearly a fingerprint of uranium 
geochemistry and uranium mining.  Similar scenario is shown by those 
trace elements, sulphate, silica and fluoride in subsurface waters.   
However, these differences decrease when areas near the mine and the 
waste dumps are not considered, which means that mining contamination 
is still contained close the abandoned mine facilities. 
 
 
C. Effects on the population health 
Comparing GE with GN for haematological, endocrine and other health 
parameters, 17 out of the 18 parameters investigated showed differences 
between the two groups. Out of these 17 parameters, there were 
statistically significant differences for 10 of them, namely lead in blood, 
zinc in blood serum, free T4, TSH, testosterone, inibine B, number of 
children per woman, blood platelets, erythrocytes, neutrophyl 
granulocytes. No statistically significant differences were found for 7 out 
of the 17 parameters, namely copper in blood , FSH, % pregnancies with 
spontaneous abortion, % pregnancies with congenital abnormalities, 
lymphocyte, monocites and creatinine. Only one parameter out of 18, 
urea concentration, displayed a difference between GE and GN against 
the hypothesis (that GE have effects due to exposure to mining waste), 
although not significant. 
 
The comparisons of GE against GN1 has shown again a predominance of 
results in support to the hypothesis. Results for 12 out of the 17 
parameters with differences in these two groups of population support 
the hypothesis, 4 of them with statistically significant results and 8 with 
differences although not statistically significant. The remaining 5 
parameters did show results against the hypothesis, with one that was 
statistically different between groups and 4 that were not. 
The comparisons of GE against GN2 showed also differences for the 
majority of parameters in support of the hypothesis. For 15 out of 17 
parameters the differences observed were in support of the hypothesis, 



10 of them with statistically different results. In two parameters the 
differences were against the hypothesis, although not significant.  
 
It should be highlighted that the results of the comparison of GE against 
GN2 were very similar to the results obtained with the comparison 
between GE and GN. 
Results of the analyses of 210Po in the human hair provided confirmation 
for the higher accumulation of radio nuclides inside the body of GE 
individuals than other groups of the population. 
Conclusions 
 
The mining and mill tailings of Canas de Senhorim (GE) contain high 
concentrations of radio nuclides of the uranium family. These tailings are 
a source of external radiation that may originate external radiation dose 
rates that will largely exceed the radiation dose limit of 1 mSv/year to 
members of the public, if the public have free access to those sites. 
Furthermore, the tailings are a powerful source of radon and dust that 
disperses in the atmosphere. Atmospheric processes, including surface 
runoff following heavy rains, gradually contribute to disperse the radio 
nuclides from the mill tailings in the environment. Today, outside the 
area of mill tailings and uranium production facilities, the risk of 
radiological exposure is much lower and, in many radiological parameters 
it is comparable to the naturally occurring background. In various 
radiological parameters, the counties of GN1 also have radionuclide 
concentrations higher than the natural background, as measured in GN2 
counties.  
 
The dispersion of heavy metals and other inorganic contaminants in the 
area of Canas de Senhorim was detected mainly in the hydrographical 
basin of the stream receiving drainage from the mining facilities and 
tailings. Furthermore, results show that a broad surveillance program 
designed for regional environment characterisation detected indications 
that the uranium mining activity in this county has left its fingerprint in 
the environment. 
 
It should be taken into consideration that, if the area of mill tailings if 
left without control and with no remediation, this may originate an 
exposure to radio nuclides and radiation doses that will exceed the 
maximum permissible limits for the safety of the population and will 
increase the dispersion of metals and other chemical contaminants, which 
may compromise the environmental resources of this region. 
 
Regarding the effects on human health from the exposure to waste from 
past uranium mining activities, these can be evaluated in two levels. In 
one hand, the statistical tests on the differences between the population 
of GE (Canas de Senhorim) and the population used as a term of 
comparison (GN)  

- confirm that GE displays results compatible with a reduced 
performance of several biological functions in comparison 
with GN, 



- this reduction in performance was more clearly observed in 
the thyroid function, male reproductive health and blood cell 
counts, 

- concentrations of lead, copper, and zinc were also higher in 
GE.  

- although less significant, results suggest also a reduction of 
the woman’s reproductive health and of the kidney function. 

In the other hand, the observation method used in this study does not 
allow to identify which are the causes for the health differences 
measured in these population groups. However, the long term exposure of 
GE population to radio nuclides and heavy metals is the most plausible 
cause for the differences measured. 
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