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Abstract. The main site of historic uranium mining and milling in Portugal, near the town of Canas de 
Senhorim, contains around 2.5 million tones of solid waste containing radioactivity in various mill tailings and 
spoil heaps. Approval of an environmental remediation plan for this area was followed by the start of 
engineering works, including the transportation of milling waste to the main milling pile and re shaping and 
contouring the waste heap to put a cap layer. These works were mostly performed in 2006 and 2007. During part 
of this period monitoring of radioactivity, including radon, was performed in the surface air, surface waters from 
the area, including the monitoring of the small river that receives drainage from the mill tailings area, and 
agriculture products. This paper presents the results of measurements of the main alpha emitting radionuclides of 
uranium series and compares them with previous data from the region. Implications for the radiological 
protection of the population are discussed. 
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1. Introduction 

 
The Urgeiriça mine, at Canas de Senhorim, the main uranium mine and milling facilities in Portugal, 
was in operation from the year 1913 till 2001. In this area, about 3 million tonnes of milling wastes 
were disposed off in tailings that remain uncovered till the present. In the underground mine, now 
closed and flooded, sulphuric acid was used for in situ leaching of low grade radioactive ores. Waste 
heaps are now being grouped in one site («Barragem Velha») and will be covered with a multi layer 
cap (2006-2007) in order to prevent waste dispersion in the environment. Close out of this site 
includes the neutralization of acid mine water by pumping it to surface ponds for addition of barium 
chloride and calcium hydroxide. This water treatment was maintained for several years and generated 
a radionuclide containing precipitate (sludge), disposed off into surface ponds nearby also.[1-2]  
 
Treated mine water and surface runoff following rains, are drained into a surface water stream nearby, 
Ribeira da Pantanha. Furthermore, seepage from tailings and acid mine water from the underground 
mine was considered likely to flow into the aquifer and spread in the groundwater resources of the 
region.  
 
We used the measurement of radionuclides from uranium series in surface water of this region to make 
a preliminary assessment of the dispersal of radionuclides from mine and milling heaps and 
environmental remediation works.  
 
2. Materials and Methods 

 
Surface water samples (5-10L) were collected along the path of the creek Pantanha, upstream and 
downstream of the discharge point of treated mine water and drainage from waste ponds (Fig 1). 
Water samples were collected also in the creek Vale de Gato that does not receive effluents from the 
mine and from the waste dumps (Fig 1). Water samples were filtered in situ through large diameter, 

                                                 
* Presenting author, E-mail: carvalho@itn.pt 

1 



0.45 μm pore size, nitrate membrane filters, using stainless steel filter holders, peristaltic pumps and a 
portable power generator. Filtered samples were acidified to pH<2 and filters with suspended matter 
stored for later analysis in laboratory. Water physical-chemical parameters were measured in situ with 
a portable multi parameter probe. 
 
Filtered water and suspended matter samples were analyzed after addition of isotopic tracers 232U, 
229Th, 224Ra, and 209Po. Following radiochemical separations, radionuclides were plated on stainless 
steel discs and silver discs for Po, and radioactivity on the discs measured by alpha spectrometry. [3] 
Analytical quality control was performed through the analysis of IAEA certified reference materials 
and periodic participation in analytical inter comparison exercises.  
 
3. Results and Discussion 
 
Analysis of filtered surface water samples from the creek Pantanha indicated an enhancement of 
uranium isotopes (238U, 235U, and 234U), 230Th and 226Ra in the area near the mill tailings (Table 1). This 
is due to contributions by surface runoff and by seepage of rainwater flowing through the waste piles. 
Enhancement of uranium isotopes in the creek water was 1000 times the concentrations measured 
upstream the zone of waste piles. Downstream, the concentrations decrease but in the river Mondego, 
a main river receiving the discharge of the creek, the enhancement was still measurable some 10 km 
far from the waste piles. In the same surface waters, concentrations of dissolved 226Ra and 210Po were 
enhanced also, but by a factor of 10 to 100 times in comparison with concentrations measured 
upstream the discharge from waste piles. Enhanced radionuclide concentrations, especially those of 
226Ra and uranium, were significantly correlated with concentrations of sulphate ion resulting mainly 
from the H2SO4 used in the ore leaching. [3] Enhanced radionuclide concentrations in suspended 
matter samples were measured in the same zone and can be compared with background concentrations 
of stations RP1, RP2 and VG1-3 (Table 2).  
 

 
 
Figure 1: Region of Urgeiriça-Canas de Senhorim (Portugal) with indication of the main milling 
tailings, rivers and sampling stations. 
 

2 



 
Table 1: Radionuclide concentrations in the soluble phase (mBq L-1 ± 1σ) in surface water 

samples. (RP), Creek Pantanha (RP); Creek Vale de Gato (VG); River  Mondego (M). 
 
Station 238U 234U 230Th 226Ra 210Po 
RP1 8.9 ± 0.3 9.4 ± 0.3 0.78 ± 0.08 8.0 ± 0.7 9.2 ± 0.2 
VG1 6.7 ± 0.3 6.8 ± 0.3 0.74 ± 0.09 12.9 ± 1.2 7.1 ± 0.2 
VG2 7.0 ± 0.2 7.7 ± 0.2 0.91 ± 0.18 6.7 ± 0.4 9.8 ± 0.3 
VG3 8.6 ± 0.3 9.0 ± 0.3 1.5 ± 0.1 5.2 ± 0.3 11.3 ± 0.3 
RP2 7.1 ± 0.4 7.8 ± 0.4 0.42 ± 0.11 6.7 ± 0.9 23.2 ± 0.9 
 RP3 135 ± 5 129 ± 4 2.6 ± 0.2 33.4 ± 1.8 12.0 ± 0.3 
RP4 464 ± 15 472 ± 15 4.7 ± 0.3 13.8 ± 0.9 6.6 ± 0.2 
RP5 (42±1)x103 (41±1)x103 (1.3±0.1)x103 247 ± 16 137 ± 7 
RP6 (22.6±0.8)x103 (22.2±0.8)x103 691 ± 31 99.8 ± 3.5 18.7 ± 0.8 
RP7 (5.5±0.6)x103 (5.3±0.6)x103 2.7 ± 0.3 125 ± 14 19.7 ± 0.8 
RP8 (4.4±0.2)x103 (4.4±0.2)x103 2.5 ± 0.4 103 ± 6 174 ± 9 
RP9 874 ± 48 873 ± 48 5.6 ± 0.6 78.5 ± 3.4 21.5 ± 0.9 
RP10 253 ± 8 262 ± 8 4.6 ± 0.5 66.2 ± 3.5 22.3 ± 0.9 
M4 7.2 ± 0.2 7.7 ± 0.2 1.8 ± 0.2 6.1 ± 0.4 7.6 ± 0.3 
M5 20.0 ± 0.5 21.1 ± 0.5 1.4 ± 0.1 3.3 ± 0.5 6.3 ± 0.3 

 
 
 
Table 2: Radionuclide concentrations (kBq kg-1± 1σ) in suspended matter from Creek Pantanha (RP), 

Creek Vale de Gato (VG), and River  Mondego (M). 
 

Station  238U 234U 230Th 226Ra 210Po 

RP1 0.64 ± 0.02 0.68±0.03 0.32±0.02 0.46±0.04 0.84±0.03 

VG1 0.77 ±0.03 0.77±0.03 0.30±0.02 0.64±0.05 1.1±0.2 

VG2 1.54 ±0.03 1.64±0.05 0.70±0.03 0.83±0.04 2.1±0.2 

VG3 1.29 ±0.04 1.36±0.09 0.54±0.03 0.89±0.06 1.76±0.05 

RP2 0.62 ±0.02 0.64±0.02 0.23±0.02 0.27±0.02 3.7±0.10 

RP3 11.1 ±0.3 10.1±0.3 1.44±0.07 3.7±0.05 7.2±0.2 

RP4 23.3 ±0.7 23.4±0.6 4.6±0.07 1.29±0.06 4.5±0.2 

RP5 0.92 ±0.04 0.94±0.05 0.38±0.04 0.81±0.04 0.92±0.05 

RP6 10.5 ±0.3 10.3±0.3 0.72±0.04 1.43±0.06 4.4±0.1 

RP7 21.3 ±0.6 21.1±0.6 0.53±0.06 0.59±0.02 2.05±0.07 

RP8 1.04 ±0.06 1.02±0.06 1.72±0.09 0.26±0.03 2.6±0.2 

RP9 21.7 ±0.6 21.4±0.6 2.0±0.1 0.94±0.04 3.14±0.09 

RP10 13.5 ±0.5 13.5±0.5 2.9±0.2 1.81±0.09 4.8±0.1 
M4 0.73 ± 0.02 0.79 ± 0.02 0.54 ± 0.02 0.47 ± 0.02 1.01 ± 0.03 
M5 2.71±0.08 2.71 ±0.08 0.86 ±0.05 1.07 ±0.10 1.41 ±0.05 
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Radionuclide concentrations determined in underground mine water (pH 4) collected through the main 
shaft, contain about 2 Bq L-1 of 238U and about 1.4 Bq L-1 of 226Ra, thus much higher than measured in 
surface waters.[4] Due to the low pH and low oxygen content of this mine water, uranium is likely 
reduced to U(IV) and U concentrations in the dissolved phase are much lower than those in the solid 
phase. Determinations made in surface waters (Table 1 and Table 2) in oxic conditions are likely to 
follow a different solid -water partitioning pattern. 
 
Although concentrations of naturally occurring radionuclides in natural waters are not constant, clear 
enhancement of absolute concentrations and modification of radionuclide concentration ratios are 
observed in the area of uranium mines and milling facilities. Enhancement of radionuclide 
concentrations in these waters likely occurred as the result of leaching of milling waste piles by 
rainwater, or underground in situ leaching with sulphuric acid. Change of radionuclide ratios may give 
indication on the source of radionuclides. In the case of Urgeiriça mine, U series radionuclides 
dispersed in surface waters come mainly with seepage from milling tailings and displayed 
concentration ratios U/Ra>>1. Seepage from this source also infiltrates surface wells located close to 
the tailings. However, water in wells at distance from the tailings, displaying enhanced radionuclide 
concentrations and with U/Ra ratios close to unity, was likely contaminated with acid mine water 
originating in the underground galleries, as indicated also by the low dissolved oxygen concentrations 
(not shown).  
 
4. Conclusions 
 
Milling wastes disposed on surface contain high concentrations of uranium series radionuclides, 
especially 226Ra. Surface runoff and leaching of milling tailings by rain water strongly enhance 
radionuclide concentrations in the water of the creek Pantanha that is a tributary to the Mondego 
River. Enhanced radionuclide concentrations in solution and particulate matter of this river system are 
measurable during about 10 km downstream although, at larger distances, radionuclide concentrations 
in water return to near background values. 
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