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ABSTRACT 
 

Gross-  and gross-  activity, 222Rn and 226Ra of 82 thermal water samples in 
Spain were performed in order to determine their radioactivity. Gross-  and 
gross-  activity ranged from LLD to 17 Bq.l–1 and from LLD to 60 Bq.l–1, 
respectively. 226Ra concentrations ranged from <4 to 3,660 mBq.l–1. 222Rn 
concentrations ranged from <4 to 1868 Bq.l–1. The observed values were 
correlated with the geological formations and structure of the area. Significant 
differences have been found depending on the geological characteristics of the 
area of the reference. The highest levels are usually found in granites but 
concentrations vary considerably between spring waters within each lithology. 
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INTRODUCTION 
 
      There are almost a hundred of spring waters in Spain with notable historic and cultural 
importance. Some of them were sacred places for ancient celtic populations during V century 
b.c., identified by inscriptions on near stones. Others were used by the Romans, II century 
b.C. and IV a.C., as thermae with hygienic purposes, figure 1 ( Alange spa, roman thermae in 
a town with an arab name). Others maintain structures from the arab period (Alhama) between 
VIII and XV century, that witnessing its use and importance between the population of that 
time. 
 
       The practice of using springs for medical purposes increased considerably in Spain in the 
XIX century and the beginning of the XX century and new buildings of modernista style 
appear linked to the utilization of several water springs that have been used until now. Today, 
spas are becoming increasingly important as recreation sites or as health resorts and, at 
present, about one hundred of such centres, most of them fully modernized, are functioning.  
 
      The importance of these spring waters during 25 centuries has been linked to the fact that 
they have high water flow, posibly the highest of the country, that is independent of the 
rainfall. Also, these waters are often thermal, arising at temperatures to 70 º C, indicating its 
deep origin, at 5 Kms under the ground. They have variable amounts of certain dissolved 
substances that, in some cases, are identified with benefical health efects. These substances 
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and the water temperature act as a coadjuvant agent in health conditions like rheumatism, 
arthrosis, arthiritis, respiratory tract disorders et cetera. Among these dissolved substances 
there are a series of radioactive elements of a natural origin that can give place to enhanced 
levels of radiation. The main sources of exposure are the inhalation of radon and its decay 
products relased from the water into indoor air, the exposure to ambient gamma radiation and 
the ingestion of radioactive thermal water. In fact, the high radon concentrations in spas is a 
source of risk mainly for staff and to a lesser extent to the patiens. 
 
      The EU identified in its directive (1) 96/29/Euratom hidrotherapy as a professional 
activity during which workers are exposed to natural radiation sources. Regulations 
distinguish between exposures due to radon, managed through action levels expressed in 
activity concentration (Bq m-3), from these due to other sources, based on a dosimetric 
criterion (mSv y-1). 
 
      Since the calculation of the total dose requires the measurement of all dissolved natural 
radionuclides, World Health Organization guidelines for drinking water suggested to perform 
an indirect evaluation of committed dose by measuring α and β gross activity and checking 
with the guideline values. The recommended guideline activity concentrations are 0.5 Bq l-1 
for gross-α and 1 Bql-1 for gross-β activity (2). Below these reference levels of gross activity, 
drinking water is aceptable and any action to reduce radioactivity is not necessary. 
In Spain some partial studies about  natural radioactivity in spas has been carried out,(3-4) so 
the aims of this programme are to draw a general picture of the natural radioactivity of all 
spring water uses as spas in Spain. 
Analyses of 226Ra, 222Rn, gross-α and gross-β radioactivity have therefore been permormed on 
water samples from 82 spas all over the country. 
 
Experimental 
 
      To measure the existing radioactivity of these spring waters a sampling of 82 spring 
waters located  in Spain has been made. Figure 2 indicates the approximated location of the 
sampled spring waters which is virtually the total number of spas presently in use in our 
country. Two samples has been collected on each spring water to measure its radioactivity 
from the point of view of its potability and to measure the dissolved radon.The water samples 
were collected at the source of the spring or as close as possible to this point, using 1 l 
polyethylene bottles, which were then hermetically sealed. 
 
Gross-alfa and gross-beta measurements. 
 
     The radioactivity measurement of these samples regarding its potability has been made 
following the habitual protocol to this kind of measures (5). The procedure recommended  is 
to determine the level of radioactivity using the analysis of the gross-α and gross-β 
radioactivity in the spring waters from the spas. Then, aliquots of each sample, ranging 
between 5 and 20 ml, were evaporated at 80 ºC (in order to avoid boiling) down to a few 
milimetres and then transferred to a striated stainless steel planchet of 50 mm in diameter and 
evaporated to dryness. The critical values are set at 0.5 Bq l-1 and 1 Bq l-1, respectively. When 
the respective gross-α and gross-β activity concentrations exceeds this limit they should be 
regarded only as a levels at wich further investigations are needed. 
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     The instrumentation to count the gross-α and gross-β activity was a low level proportional 
α/β counter, (OXFORD, Tennelec Solo). Lead shielding was used to attenuate external 
radiation. These detectors are gas-flow window-type counters, approximately 5 cm in 
diameter. The counting gas was a mixture of 90% argon and 10% methane. All samples were 
placed in 5 cm diameter stainless-steel planchets for counting. As the number of α and β 
reaching the sensitive volume of the detector is greatly reduced by self-absortion and 
scattering in the sample material, it was necessary to determine the self-absorption factor for 
gross-α and gross-β measurements (6). 
 
     The calibration for the gross-α measurements was carried out containing equal alpha 
activity concentrations using a 241Am standard solution and varying the amount of solids with 
Na2CO3 solution. Beta self-absorption was determined using the same procedure described 
above for alpha self-absorption factors, preparing samples from a standard solution of 
90Sr/90Y, uniformily distributed in the increasing amounts of solids. The counting efficiencies 
for the standard samples prepared were plotted as a function of density thickness (mg/cm2) to 
obtain the self-absorption curves for each detector. Typical detection limits for a counting 
time of 1000 min. and 100 ml of water volume were estimated to 20 mBq l-1 for gross-α and 
50 mBq l-1 for gross-β radioactivity. 
 
226Ra measurement. 
 
     In a set of 34 spas, (those which showed gross-α activity higher than 0.2 Bq l-1) 226Ra 
analysis was also carried out. 
Measurement of the concentrations of 226Ra was carried out from 1 l of water to which a 
known quantity of inactive barium (20 mg Ba2+) as a carrier and another of lead (200 mg 
Pb2+) as a contributor to the initial precipitation was added. Both the carrier and the 
radioisotopes precipitated as sulphates. The precipitate is purified by washing with nitric acid, 
dissolving in alkaline EDTA and recipritating as radium-barium sulphate after pH adjustment 
to 5. This pH is sufficient to destroy the Ba-EDTA, but not the Pb-EDTA, complex. Finally, a 
precipitate of barium sulphate was obtained which permitted the calculation of the chemical 
yield of the whole process. The precipitate was transferred to a stainless steel planchet over 
which was placed an alpha detector sheet, made from a piece of mylar paper coated with ZnS 
(Ag). The diameter of the planchet is 5 cm, the same as the detector sheet. The precipitate is 
measured 3 d after the separation in a ZnS (Ag) detector fitted to a photomultiplier and to a 
scaler. In these experimental conditions the lower limit of detection is 3 mBq l-1 for the 226Ra 
concentration. 
 
222Rn measurement. 
 
     For 222Rn determination waters from the studied spas were hermetically sealed in bottles 
made from polyethylene at time of sampling and measured with a high-purity Ge coaxial 
detector, with a relative efficiency of 20 %. Its resolution was 1.86 keV and it is logged inside 
a low activity iron casing. It was connected to a multi-channel analyzer. The samples were 
measured once the equilibrium between 222Rn and its daughters was reached, 3 hours after 
being collected, using  the 609 keV photopeak of 214Bi. The detector was calibrated with a 
standard solution of 226Ra prepared in the same geometry as the samples measured. For the 
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measuring conditions used the lower limit of the detection of this method is of 4 mBq l-1 with 
statistical measurement error being around 10 %.  
 

RESULTS AND DISCUSSION 
 
     Table 1 shows the gross-α and gross-β activity, 222Ra and 226Ra concentrations, 
temperature at the emerging point and the amount of solids in mg l-1. 
The gross-α activity ranged from LLD ( Lower Limit of Detection)  to 16.95 Bq l-1 and the 
gross-β activity between LLD and 60.14 Bq l-1 . The gross-α activity was lower than the LLD 
in 31 % of the cases while the gross-β activity was lower than the LLD  in 28 % of the spas 
under analysis.  
 
      226Ra concentration ranged from 4 to 3,660 mBq l-1. The concentration of 226Ra was lower 
than the LLD in 24 % of the 34 spas analysed. In one spa the 226Ra activity concentration 
exceded the guidance level of 1 Bq.l-1 as a maximun value aceptable for drinking waters. 
 
      No quantitative correlation has been found between the degree of mineralisation and the 
radioelements studied. Those  spas high in 226Ra ( > 200 mBq l-1) reveal an average  
mineralisation of 11,724 mg l-1 with a  range of variation between 714 and 32,810 mgl-1, in 
contrast to the average of 2,997 and a  range between 243 and 7,650 corresponding to the 
springs with most radon. 
 
      Table 2 shows the correlation between the 226Ra and the gross-α activity of waters, the 
coefficients of equation of regression and the correlation coefficient. This correlation permits 
a gross evaluation of 226Ra concentration in waters by determining its gross-α activity and it 
can be deduced that virtually all this activity is due to 226Ra. 
 
      Concerning the influence of temperature on 226Ra concentrations, a weak correlation 
between can be observed since, except in one case, all the waters high in 226Ra are 
hiperthermal (> 37 ºC) with  an average temperature of 39 ºC. This can be due on one hand to 
the relative  increase in 226Ra solubility with temperature and on the other to the fact that an 
increase in this latter favours the  leaching process of 226Ra in the  rock-water interphase (7) 

and that of chemical interaction in general, highly important in the final saline composition of 
the water. 
 
       222Rn concentration ranged from LLD to 1868 Bq l-1. The concentration of 222Rn was lower 
than LLD in 10% of the spas and 16 spas showed a value higher than the reference value in 
drinking water of 100 Bq l-1 (8). 
 
      The concentration of 222Rn in this group of springs does not correlate directly with the 
temperature of the emerging spring waters. The temperature of the spring with the highest 
concentration of 222Rn is 50 ºC and the range of temperatures runs from 17 ºC to 50 ºC, 
similar to those springs with lower levels of 222Rn in the water. 
 
      No correlation has been found between the concentrations of 222Rn and 226Ra. The 
222Rn/226Ra ratio of activities presents a variation range going from 101 to 105, the 
concentrations of 222Rn being much greater. The disequilibrium observed between these two 

 352



IX Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt 
 
 

radionuclides, already seen in underground waters (9-10) leads one to assume that the radon  
does not come exclusively from  the decay of the radium dissolved in the  water, but  rather  
that the 222Rn, because  it is  a noble gas, has a behaviour pattern that  is basically determined 
by physical processes and  not by the possibilities of chemical  interaction that characterise 
226Ra. 
 
      The 226Ra and 222Rn concentrations in all the water samples analyzed roughly followed a 
log-normal distribution. This trend is quantified further in Figure 3, which is a plot of the 
cumulative frequencies expected vs cumulative frequencies observed for a log-normal 
distribution. As the data are close to the straight line it can be assumed that the distributions of 
radioelements studied are log-normal (11). According to these results, geometric means are 
used to characterize average values. The geometric means and coefficients are 51.6 and 1.96 
mBq l-1 for 226Ra and 30.6 and 1.22 Bq l-1 for 222Rn, respectively. 
 
      Most  of the spas presenting waters  higher 226Ra and 222Rn are located in the geographical  
area where granite  and shale  formations are predominant, and those with waters which, 
giving high values, are in  geological areas  characterised  by their  low  uranium and radium 
content  owe these high values  to the fact that the water comes from a  deep source, where 
there are to be found  primitive waters  of  endogenous formation which pass on  their 
radioactive character  and which, when  rising to the surface, flow through faults or ground 
fractures so that there is hardly any contact with waters of  meteoric origin. 
 
      In order to determine the influence of  geological factors and  their correlation with  radon 
contents, the waters  have been  classified in  three broad groups, based on the  natural regions 
of  origin, which  correspond with  the  three large areas  which, from  a geological point of 
view, Spain can  be  divided into. In  these  areas  it  has  been found that there  is a significant 
correlation between their  geological characteristics and the concentrations of 226Ra and 232Th 
in soils and the concentrations reached by 222Rn inside homes (12-13). For each one of these 
above mentioned areas we have calculated the mean value of the concentration of 222Rn at the 
spas under study and the range of values covered by them.  What  has  not  been included in 
the calculation of  mean values is the  one extreme value found at a spa in the Rioja on 
account of  it not being  very representative when all the other  measurements for that area are  
taken into consideration. 
 
       The results found, and which are presented in Table 3, show that the highest mean value 
of 222Rn concentration in these spas is to be found in area 1, the springs of which lie in the 
western part of the peninsula, corresponding to the hercynian domain and where the soil is 
siliceous. In this area the range of variability is more uniform, with no values below the 
detection limit. The highest individual value of 222Rn concentration appears in area 2, in the 
regions of Spain where the soil is calcareous. In area 3 there appear two values below the 
detection limit, the soils being predominantly of clays. 
 
 

CONCLUSIONS 
 
       The global distribution of the 222Rn concentration values obtained at the different spas 
analysed reveals that the level of concentration is closely linked with the specific geological 
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characteristics of the ground where the spring rises, with high values appearing in areas  
where there are  veins and fracturing and the source of the spring is at greater depth. 
 
       On the basis of the results of this survey we consider that should be performed more 
specific studies in thermal spas with high levels of radioactivity in order to study the 
occupational exposure for thermal staff and patiens by inhalation and ingestion of thermal 
water. 
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Caption of figures 

Figure  1. Roman thermae (Alange) 
 
Figure  2. Location of the spring waters studied in Spain. 

Figure 3. Log-normal distribution plots of 222Rn and 226Ra concentrations for spa                   

waters.  
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Table 1. Results of natural radioactivity determined in Spanish spas spring water. 
 
 

α-Total 
(Bq l-1) 

β-Total 
(Bq l-1) 

222Rn 
(Bq l-1) 

226Ra 
(mBq l-1) 

Tª 
(ºC) 

 
Residue 
(mg l-1) 

 
Nº Samples 

 
95 95 95 34 95 95 

Activity 
Range 

 
LLD-16.95 LLD- 60.14 LLD –1,868 LLD –3,660 10-77 29-32,810 

LLD: Lower Limit of Detection 
 

 

Table 2. Fitting results of 226Ra concentrations with gross-α activity by linear regression 
analysis. 

Slope Intercept (mBq l-1) r p 

161.1 ± 19.1 - 23.1 ± 81.5 0.864 > 99.99 % 

 

 

Table 3. Arithmetic mean concentrations of radon in spring waters of three 
geologic zones. 

 
Zone (N) 222Rn 

(Bql-1) 

Range 

(Bql-1) 

Zone 1 (25) 106 10-401 

Zone 2 (60) 57 LLD-743 

Zone 3 (9) 23 LLD-53 

 
N = number of determinations or samples analyzed 
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Lognormal distribution Rn-222
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Lognormal distribution Ra-226
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Figure 3 
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