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1. INTRODUCTION 

The Urgeiriça uranium mine is located in the north of Portugal near Canas de 
Senhorim (Viseu). Radium extraction at the Urgeiriça mine started in 1913, 
moving exclusively to uranium production in 1944. Large amounts of solid 
wastes (tailings) and fine residues from acid leaching (about 4x106 tons) were 
deposited locally into dams covering an area of about 0.1 km2 (Bettencourt et 
al., 1990). These solid wastes are enriched in natural radionuclides, mainly 
nearly all of the uranium progenies (230Th, 226Ra, 210Pb and 210Po) are 
presented, which are not usually eliminated from the systems by the natural 
procedures. They can be mobilized by several factors (chemical, physical, 
etc.) becoming available to be transferred, for instance, to the plants. To 
reduce the dispersion of the natural radionuclides into the environment some 
dams were revegetated with pines (Pinus pinea). The transfer of radionuclides 
in different ecological compartments is usually evaluated through the 
concentration ratios (CR) for instance, in this case, the ratio between the 
radionuclide concentration in the plants and in the solid wastes. Different 
factors, such as, soil characteristics, type of plants, physico-chemical 
characteristics of the radionuclides and the effect of competitive species can 
influence the concentration ratio values (Bettencourt et al., 1988). It is well 
known that the 226Ra is similar to calcium in biological and ecological systems. 
So, the plants will require the Ra/Ca group elements. On the other hand, the 
uptake of lead is mainly a function of the lead tolerance of the plants and the 
hydrogen ion concentration of the soil. Besides, the element transfer to the 
vegetation depends on the kind of plants, the element bioessentially and 
toxicity. The objective of this study is to correlate the uptake of the natural 
radionuclides, 226Ra and 210Pb with the essential elements, potassium, calcium 
and magnesium in the pines growing at the Urgeiriça uranium mill tailings. 

2. MATERIAL AND METHODS 

Plant and tailing (solid wastes) samples (from the root region of the plants) 
were randomly collected at the tailings. 
Tailing samples were dried at 40ºC, crushed, ground, homogenized and sieved 
through a 1mm mesh sieve. Plants were washed to remove adhering soil 
particle and roots separated from the needles. The roots and the needles were 
air-dried and weighed. Afterwards, they were dried at 110ºC, cooled and the 
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dry weight recorded. The dried samples were incinerated at 550ºC for 8 hours 
in a furnace. Aliquots of each sample were put into containers, hermetically 
sealed and left for about one month to assure the equilibrium between 226Ra 
and its daughters. The samples were then analyzed for 226Ra (through its 
progeny, namely 222Rn and its gamma-emitting daughters) and 210Pb by gamma 
spectrometry, using HpGe detectors calibrated for several geometries with 
standard solutions of 210Pb, 133Ba and a mixed solution QCY44 from Amersham. 
The spectra where analysed with the Sampo 90 Software. 
Afterwards, the tailing and ash plants (needles and roots) samples were acid 
digested with aqua regia in Teflon containers using a sand bath heating at 
90ºC. The digestion process started with the addition of 10ml of aqua regia to 
each sample followed by the subsequent addition of 5ml aliquots until the 
complete digestion of the sample. Finally, 5ml of ultra pure water was added 
and the resulting solution filtered. The concentrations of potassium, calcium 
and magnesium were determined in the liquid phase by ionic chromatography 
(Dionex DX500). 
The tailing samples were also characterized in terms of overall cation 
exchange capacity (CEC) using the silver thio-urea procedure (pH=7) (Chhabra 
et al., 1975) and the pH (solid/liquid ratio of 1/10, distilled water) values 
were determined. 

3. RESULTS AND DISCUSSION 

The 226Ra and 210Pb concentrations (Bq kg-1) and the potassium, calcium and 
magnesium concentrations (cmol kg-1) in tailings and plants (roots and needles) 
are presented in Table 1. In general, it can be observed a large difference 
between the maximum and the minimum concentration values indicating a 
large dispersion of the data. The mean concentration values for 226Ra and 
210Pb are in general, of the same order of magnitude. However, the values are 
higher for tailings followed by roots and needles. Contrarily, the potassium, 
calcium and magnesium concentration values are higher for pines (roots and 
needles) than for tailings. The concentration ratios (CR) roots/tailings and 
needles/tailings for 226Ra and 210Pb are of the same order of magnitude except 
for the 210Pb concentration ratios (CR) roots/tailings which values are lower 
(Table 2). As it might be expected higher values were found for the essential 
elements (Table 2). When a comparison was made between the potassium, 
calcium and magnesium concentration ratios the lowest values were found for 
calcium followed by magnesium and potassium. 
The Figure 1 shows the potassium, calcium and magnesium concentration 
ratios (CR) for pines (roots and needles) versus the potassium (a), calcium (b) 
and magnesium (c) concentrations in the tailings. It is seen that the 
concentration ratios decrease at low element concentrations and appear 
relatively constant at higher element concentrations. The experimental data 
were fitted using a power function, with correlation coefficients (R) of: 0.91 
(roots) and 0.93 (needles) for potassium; 0.87 (roots) and 0.93 (needles) for 
calcium; 0.95 (roots) and 0.91 (needles) for magnesium. The results reveal 
that the plant uptake response to potassium, calcium and magnesium is a non-
linear function. Some authors (Sheppard and Sheppard, 1985) reported that, 
when substrate concentrations are low, plants readily take up the elements 
essentials for their growth. On the other hand, when substrate concentrations 
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increase the concentration ratios decrease approaching asymptotically to a 
constant value. The same behaviour was observed for potassium, calcium and 
magnesium uptake in shrubs (Madruga and Faria, 2005), for 226Ra in pines and 
eucalyptus (Madruga et al., 2001) and for 210Pb in pines, eucalyptus and 
shrubs (Madruga et al., 2002). Similar results were reported by other authors 
(Tome et al., 2003). 
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Table 1- Concentration values for 226Ra and 210Pb (Bq kg-1) and for potassium, 
calcium and magnesium (cmol kg-1) in tailings and pines (roots and needles). N 
denotes the number of observations. 

Tailings Roots Needles Radionuclid
e 

and 
Element 

N Mean 
value 

Min.-
Max. 

N Mean 
value

Min.-
Max. 

N Mean 
value 

Min.-
Max. 

226Ra 43 8426 99-
61485 

43 221 2.3-1567 42 46 0.2-286 

210Pb 41 9831 94-
58150 

41 249 5.0-1366 41 72 17-404 

K+ 41 0.34 0.03-1.3 43 9.8 4.3-17 44 13 6.9-28 

Ca2+ 40 1.1 0.08-4.7 43 4.1 1.0-11 44 9.8 3.6-21 

Mg2+ 41 0.29 0.06-1.6 43 2.3 1.1-4.3 44 4.4 1.7-7 

 
 

 
Table 2- Concentration ratios (CR) roots/tailings and needles/tailings for 226Ra 
and 210Pb and for potassium, calcium and magnesium in pines. N denotes the 
number of observations. 

CR (Roots/Tailings) CR (Needles/Tailings) Radionuclid
e 

and 
Element 

N Mean 
value 

Min.-Max. N Mean 
value 

Min.-Max. 

226Ra 43 0.036 0.001-0.20 42 0.016 0.00004-0.06

210Pb 41 0.038 0.001-0.13 41 0.032 0.0005-0.28 

K+ 41 60 7-263 41 88 11-482 

Ca2+ 40 9.4 0.68-59 40 21 2.0-88 

Mg2+ 41 14 1.5-38 41 27 3.3-75 
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Figure 1- Concentration ratios (CR) for pines (roots and needles) versus the 
potassium (a), calcium (b) and magnesium (c) concentrations (cmol kg-1) in 
tailings. 
 
Statistical analysis (Statistica for Windows 4.5A, 1999) of the data reveals 
marginally significant correlations (p<0.05) between the essential elements 
concentrations in tailings and pines and some of the 226Ra and 210Pb 
concentration ratios values (Table 3). As can be seen, for 226Ra, the 
correlation values are similar between the different elements. Besides, the 
similar chemical behaviour between the radium and calcium only a slight 
correlation was observed between the calcium concentration in the pines and 
the 226Ra CR values. Some authors (Madruga and Faria, 2005) report a no 
correlation between the 226Ra and 210Pb concentration ratios and the 
potassium and calcium concentrations in the tailings and a slight correlation 
between the 226Ra CRs and the magnesium concentrations in the tailings, for 
shrubs, growing on the Urgeiriça uranium mill tailings. 
A marginally significant correlation (p<0.05) was also obtained for the pH 
values and the cation exchange capacity (CEC) in the tailings versus the 226Ra 
and 210Pb concentration ratios values (Table 3). A negative correlation was 
observed between the CEC and the concentration ratio values. This means that 
the cation-exchange capacity decreases when the radium concentration in the 
tailings increases which is in according with the chemical competition of the 
essential elements, mainly the calcium to radium ions competition.  

(a) (b)

(c)
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Table 3- Correlation coefficients (p<0.05) for the 226Ra and 210Pb 
concentration ratios values versus the essential elements concentrations in 
tailings and pines, the cation exchange capacity (CEC) and the pH values in the 
tailings. 
 

 CR (226Ra) 
Roots/Tailings 

CR (226Ra) 
Needles/Tailings

CR (210Pb) 
Roots/Tailings 

CR (210Pb) 
Needles/Tailings

[K]     
Tailings 0.50 0.35 0.43 - 
Roots 0.37 0.44 - 0.62 

Needles - - - 0.41 
[Ca]     
Tailings - - - - 
Roots - 0.36 - 0.37 

Needles 0.38 0.50 - - 
[Mg]     
Tailings 0.38 - - - 
Roots 0.33 0.37 - 0.62 

Needles - - 0.35 0.39 
CEC     
Tailings -0.37 -0.32 -0.32 - 
pH     
Tailings 0.39 0.45 - 0.37 

 
 

Figure 2 presents the relationship between the mean concentration values in 
tailings versus the mean concentration values in the pines for the essential 
elements. As it can be seen that the values for the essential elements are 
above the dashed line indicating concentration values higher than 1. 
Contrarily, for the radionuclides 226Ra and 210Pb, the mean concentration 
values are below the dashed line indicating concentration values lower than 1 
(Figure 3). Baker (1981) reported that: if the partition ratios equals 1, this 
means that the elements absorption and transport in the plants are regulated 
in such a way that the plant concentrations is directly related with the soil 
composition; if the partition ratios are higher than 1, the elements are more 
concentrated into the plant´s aerial part and the plants are behaving as 
accumulators; and finally, if the partition ratios are lower than 1, the element 
concentrations into the plant are low and constant for a great variability of 
the soil concentations. In these cases the plants are behaving as excluders. 
Taking this finding into account, the data suggest that pines behave as 
accumulators to the essential elements and as excluders to the radionuclides 
226Ra and 210Pb, preventing that these radionuclides attain toxic levels in the 
plants in spite of the high radionuclide concentrations in the tailings. Besides, 
it can be observed that the radionuclide concentrations are lower in the 
needles (Figure 3) what means a slow radionuclide translocation from the 
roots to the needles (excluder behaviour) when compared with the essential 
elements where the concentrations are higher in the needles (accumulator 
behaviour) (Figure 2). 
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Figure 2- Relationship of the mean concentration values in tailings (cmol kg-1) 
to the mean concentration values in the pines (cmol kg-1) for essential 
elements (K, Ca and Mg). The subscripts N and R indicate needles and roots 
respectively. The line corresponds to the partition ratio pines/tailings equal 
to 1. 
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Figure 3- Relationship of the mean concentration values in tailings (Bq kg-1) to 
the mean concentration values in the pines (Bq kg-1) for 226Ra and 210Pb. The 
subscripts N and R indicate needles and roots respectively. The line 
corresponds to the partition ratio pines/tailings equal to 1. 
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4. CONCLUSIONS 

It can be concluded that the potassium, calcium and magnesium mean 
concentration ratio values are, about two to three orders of magnitude, higher 
than the values obtained to 226Ra and 210Pb for pines growing on the Urgeiriça 
uranium mill tailings. The concentration ratio values higher than 1 obtained to 
the potassium, calcium and magnesium elements indicate that pines are 
behaving as accumulators to these elements. Contrarily, the 226Ra and 210Pb 
concentration ratio values lower than 1 indicates that pines are behaving as 
excluders to these radionuclides. So, it can be concluded that this kind of 
plants is not suitable to a phytoremediation strategy.  
In general, a marginally significant correlation was observed between the 
potassium, calcium and magnesium concentrations, the cation-exchange 
capacity and the pH in the tailings and the 226Ra and 210Pb pines/tailings 
concentration ratios. 
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