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Abstract. 226Ra is a natural radioactive isotope belonging to the natural radioactive family of 238U. Its radioactive 
decay causes the emanation of a radioactive gas, 222Rn. These isotopes are widely distributed in a natural and 
heterogeneous way in the earth's crust, so their presence in groundwater has a natural origin where their 
accumulation or concentration depends on several of factors such as: chemical nature of the rocks that surround the 
aquifer, geological characteristics of the land, the physicochemical processes that occur in the aquifer, among others, 
as well as an anthropogenic origin (due to mining activities or the use of fertilizers). Their determination in drinking 
water is important because they are a source of internal contamination with a high radiological health risk, so are the 
short-term high-energy alpha emitters Radon decay products. The purpose of this work is to determine the activity 
concentration of 226Ra and its daughter 222Rn in non-treated drinking water from sources distributed along the coast 
and Alpujarra of Granada to know their environmental implications, to determine their natural or anthropogenic 
origin, as well as to know if they comply the limits established by regulatory bodies (Directive 2013/51 / EURATOM 
and RD 314/2016) for their consumption. The Radiometric Techniques used to monitor both radionuclides have been 
Gamma Spectrometry with High Purity Intrinsic Germanium Detector (HPGe), and Liquid Scintillation Counter 
(TRI-CARB 1500). 
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1. INTRODUCTION 

The availability, quality, management and 
protection of water is, due to population growth, a 
matter of fundamental importance in relation to 
human development and the sustainability of the 
environment and the economy. Access to safe and 
reliable water is limited, and these are determining 
factors in maintaining human health and needs, 
whether due to consumption, food and energy 
production, industry and/or environmental protection. 

The quality of the water can be compromised by the 
presence of radioactive isotopes, natural or artificial 
ones, mainly if it is water that has not been purified. In 
various European countries there is a growing 
tendency to consume natural spring waters. This, 
together with the fact that exposure to natural 
radiation sources accounts for more than 86% of the 
total exposure, makes radiological control of waters 
essential [1]. The present work focuses on the 
determination of an isotope of Radium, 226Ra, and of 
Radon, 222Rn. Both are alpha emitters, so their 
determination in water is very important because these 
are the most harmful particles for the body when they 

enter it, releasing all their energy in a space of a few 
tens of microns [2]. 

Radium has a total of 25 isotopes, of which 4 are 
natural, whose state of aggregation is solid. Of all of 
them, the most abundant is 226Ra, which has a half-life 
of 1600 years. This belongs to 238U radioactive family 
and disintegrates emitting alpha particles with an 
energy of 4.78 MeV in 222Rn. 222Rn is the natural 
isotope of Radon with the highest health impact. It is 
the most abundant of the Radon isotopes, and has a 
half-life of 3.82 days. 

100% of 222Rn atoms formed, disintegrate by 
emission of alpha particles (5.49 MeV) and become 
218Po atoms; which in turn, after a series of 
disintegrations due to alpha and beta emissions, are 
transformed into heavy metal isotopes of polonium, 
bismuth and lead, which apart from posing a 
radiological risk, are chemically toxic, ending up in a 
stable lead isotope (206Pb) [3]. 

222Rn contributes to a large extent to the average 
annual dose received by both the Spanish and World 
populations (with 31% and 42% respectively) [1], [4] 
which is due, on the one hand, to the abundance of the 
238U in nature, and on the other, its high half-life of 
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4.5E9 years, a primordial isotope that formed at the 
same time as the Earth. 

It is the largest natural source of alpha ionizing 
radiation in the gaseous state. Upon entering the body 
(by inhalation or ingestion), both in its disintegration 
and in that of its short-lived descendants, such as 218Po 
and 214Po, high-energy alpha particles are emitted that 
can cause damage to the DNA of cells, leading to 
stochastic or random effects (cancer inducers) [5]. In 
1988 it was declared a carcinogen by the International 
Agency for Research on Cancer (AIIC), an 
intergovernmental body belonging to the World Health 
Organization (WHO) and today it is the second cause 
of lung cancer in the world, behind tobacco, being 
responsible for between 3 and 14% of deaths due to this 
cancer according to the WHO [6]. But not only does it 
have a great influence on the development of lung 
cancer, it is also related to skin cancer [7] and leukemia 
[8]. 

The main risk of Radon resides when it is inhaled, 
however, it can also be found dissolved in water, this 
being another of the routes of entry into the human 
body, by ingestion of these waters, with the associated 
risks that the entry of alpha emitters in living things. 
This route poses fewer potential risks to human health 
than those caused by inhalation. In the case of 
consumption of water contaminated by 222Rn, the main 
radiological risk for people is stomach cancer [9], 
although it can also damage other organs and tissues 
since it is transported by the bloodstream to various 
parts of the body, emitting alpha particles and 
transforming into their short-period descendants, 
which are heavy metal isotopes of Bi, Po, and Pb in 
solid state, which are even more dangerous than radon 
itself because their decays give rise to high-energy 
alpha particles , as well as more energetic beta 
emission and gamma radiation. 

In Spain, the Radiological control of water for 
human consumption is reflected in Royal Decree 
140/2003, of February 7 [10]. The last modification 
was made on July 30, 2016 through Royal Decree 
314/2016 [11], where the Radon limits in waters were 
set for the first time at the national level at 500 Bq/L, 
as a result of the transposition of the Directive 
2013/51/EURATOM of the European Council, of 
October 22, 2013 [12], which suggests a range of 
activity values from 100 Bq/L to 1000 Bq/L, among 
which each country selects its reference level. Due to 
the very short half-life of Radon, the highest levels of 
exhalation and emanation of 222Rn (and therefore of 
doses) will occur in geological areas with high 
concentrations of 238U. The groundwaters with the 
highest content of 226Ra are associated with 238U 
reservoirs, waters that rise through faults and hot 
springs. Once groundwater flows into lakes, rivers, or 
other man-made pools of water, the Radon content is 
greatly reduced due to the limited amount of Radium 
in contact with the water, since most of the 222Rn 
dissolved in it escapes into the atmosphere [13]. 

2. MATERIALS AND METHODS  

2.1. Samples and their location 

For the development of this work, from December 
2018 to May 2019, a total of 15 untreated water for 

human consumption (13 fountains and 2 wells) 
distributed throughout the geography of Granada have 
been sampled, and strategically chosen, considering 
different scenarios such as they are the lithology of the 
terrain and the possible influence of exogenous 
anthropogenic agents. 

In this way, the samples can be divided into two 
groups, Table: 

- Coastal Zone: The lithology of this zone is 
predominantly composed of carbonated rocks, with low 
content in Uranium and therefore in Radium and 
Radon [14]. Its radiological interest lies in the intensive 
agriculture and the use of fertilizers that can seep and 
contaminate aquifers. 

- Alpujarra Zone: In this area, metamorphic and 
sedimentary rocks predominate, which present a 
higher Uranium content than in carbonated ones [14]. 

Table 1. Sampling points. 

Sample Zone Elevation (m) Litology 

P1 Coastal 11 Detrital 
P2 Coastal 11 Detrital 
F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
F10 
F11 
F12 
F13 

Coastal 
Coastal 

Alpujarra 
Alpujarra 
Alpujarra 
Alpujarra 

Coastal 
Coastal 

Alpujarra 
Coastal 

Alpujarra 
Coastal 
Coastal 

275 
30 

1500 
1275 
1319 
693 
105 

6 
1022 

95 
800 
233 
445 

Metamorphic 
Metamorphic 
Metamorphic 
Metamorphic 
Metamorphic 
Metamorphic 
Carbonated 
Carbonated 
Carbonated 
Carbonated 

Detrital 
Metamorphic 
Carbonated 

 

These waters were analyzed using Radiometric 
Techniques, such as Liquid Scintillation Counter, 
model TRI-CARB 1500 from the PACKARD brand; and 
a Gamma Spectrometer with a high purity Intrinsic 
Germanium (HPGe) detector in vertical configuration, 
model GR-2020 7500SL from the CANBERRA brand. 
As well, a chemical characterization was carried out by 
ion exchange chromatography and an analysis of 
carbonates and bicarbonates by the Wander method, 
as well as a characterization of the physicochemical 
parameters by means of the measurement "in-situ" 
with a multiparametric aquatic probe. 

2.2. Previous Operations 

For the determination of the concentration of 
Radium and Radon in the studied waters, an own 
methodology has been optimized and developed for the 
measurement with the Liquid Scintillation Counter. 
The results obtained are compared with those found by 
Gamma Spectrometry. 

Previous studies were carried out to optimize the 
methodology for Liquid Scintillation, among which are: 

- Choice of scintillating cocktail 

- Water/Cocktail volume inside the counting vial 

- Place of preparation of the counting vials: “in situ 
or in the laboratory. 
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2.3. Sampling 

The sampling procedure used, both from fountains 
and wells, is based on the EPA 913.0 method [15]. 

For the sampling of water from fountains we use a 
funnel with a rubber that ends in a bucket. The water 
from the fountain will fall into the funnel and into the 
bucket. By modifying the inclination of the funnel, we 
will control the flow of water that will fill the bucket in 
order to make it as linear as possible to avoid the 
formation of bubbles and the loss of Radon associated 
with them. 

Wells and groundwater sampling has been done 
using a bucket tied to a string. The bucket is thrown 
into the well, filled with water, and allowed to 
submerge slowly to access deeper water. Once the 
desired depth is reached, the cube is slowly picked up 
and the desired portion is taken from it. 

  
Figure 1. Sampling 

3. EXPERIMENTAL 

3.1. Sample preparation  

For both techniques, samples will be prepared "in 
situ". 

For liquid scintillation, borosilicate counting vials 
(with low 40K content) will be used. 10 mL of sample 
and 10 mL of “Mineral Oil” (PerkinElmer) scintillator 
will be introduced into them with an automatic pipette. 

In the case of gamma spectrometry, the container 
used will be a 60 mL duchess of HDPE. These will be 
completely filled, avoiding air bubbles inside, and will 
be hermetically sealed. 

3.2. Liquid Scintillation Counter 

The Liquid Scintillation Counter (LSC) used is the 
TRI-CARB 1500 model, from the PACKARD brand. 
This technique is based on the ability of certain liquid 
chemical species, scintillating substances, to emit light 
when crossed by ionizing radiation present in a sample 
in a liquid state and to which it is added. Subsequently, 
the light photons generated can be detected and 
measured instrumentally after their conversion into 
electrical impulses, using photomultiplier tubes. There 
is a proportionality between the activity concentration 
of the sample and the final electrical impulse recorded. 

For both energy and equipment efficiency 
calibration, a 222Rn standard has been prepared from a 
certified 226Ra standard supplied by CIEMAT, with an 
activity of 35.44 Bq/g. To do this, a known quantity of 
226Ra was taken, taken to a scintillation vial and diluted 
to a final volume of 10 mL. Subsequently, the 
scintillator solution was added to the vial, and it was 

kept for 25 days to achieve the secular equilibrium 
between 226Ra and 222Rn. 

Both the determination of 222Rn and that of 226Ra 
were carried out from the direct determination of the 
activity of 222Rn in secular equilibrium with its short-
lived decay products, 218Po and 214Po (α emitters). For 
the measurement of radon’s activity, it was necessary 
to wait three hours after preparation of the vial to 
achieve equilibrium, while for radium’s, this time 
amounts to approximately one month. Each sample 
has been measured 12 cycles of 200 minutes. 

3.3. Gamma-ray Spectrometry 

The equipment used uses a CANBERRA brand 
Intrinsic Germanium Detector (HPGe), reverse type, 
model GR-2020 7500 SL, in vertical configuration. It 
has a Beryllium sheet of 50 mm in diameter and 0.5 
mm thick to measure low-energy photons or X-rays. 
The arrangement of its electrodes is the reverse of the 
conventional coaxial type.  

The energy calibration is carried out using a series 
of standard encapsulated sources with well-defined 
photopics and energies between 50-1900 KeV on 7680 
channels. The efficiency calibration is based on the 
measurement of a standard, supplied by CIEMAT. 

The measurement of radon and radium will be 
carried out from the measurement of the activity of 
214Pb and 214Bi, which are β emitters and in turn emit 
photons at different energy ranges 295.21 KeV 
(19.20%) and 351.92 KeV (37.20%) for 214Pb; and 
609.31 Kev (46.30%), 1120.29 KeV (15.10%) and 
1764.49 (15.80%) for 214Bi [16]. The total measurement 
time of each sample has been 1500 min. For the 
analysis of the spectra, the software used was Genie-
2000 v.2.0. 

4. RESULTS AND DISCUSSION 

4.1. Determination of 226Ra and 222Rn. 

According to Directive 2013/51 / EURATOM of the 
European Council, of October 22, 2013, the permitted 
concentration of 222Rn in drinking water is 100 Bq/L, 
however, each Member State may establish its own 
limit, without exceeding 1000 Bq/L. From Table 3 can 
be seen that, in all water sources studied, the Radon 
concentration levels are below the EURATOM limit, 
except for the water from source F6, whose value is 
higher in both techniques. However, according to 
Royal Decree 314/2016, Spain sets this limit at 500 
Bq/L, so it would not exceed the Spanish limit value. 

Comparing the Radon concentration values in 
water determined by both techniques used for its 
measurement, liquid scintillation and gamma 
spectrometry, it can be observed that there is no 
notable variation between the results obtained for the 
222Rn activity measurements. 

Regarding the 226Ra measurement, no activity 
above the Limit of Detection was found for any of the 
samples. This indicates that radon is exhaled from the 
bedrock and diffuses until it reaches the aquifer, but 
that there is no, or at least not at concentrations 
detectable by our equipment, a Radium contribution 
from the rock to the water. 
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Table 3. Results obtained by LSC. 

Sample 222Rn Activity (Bq/L) 226Ra Activity (Bq/L) 
P1 3.42 ± 1.44 <5.44 
P2 10.55 ± 1.60 <5.95 
F1 27.68 ± 2.08 <7.52 
F2 28.24 ± 2.09 <7.53 
F3 < 2.24 <3.12 
F4 62.15 ± 2.74 <9.52 
F5 52.14 ± 2.55 <9.43 
F6 150.50 ± 4.03 <16.18 
F7 11.02 ± 2.04 <7.28 
F8 16.67 ± 1.94 <7.44 
F9 1.91 ± 1.31 <4.12 
F10 2.44 ± 1.29 < 5.22 
F11 2.80 ± 1.31 < 5.24 
F12 4.10 ± 1.34 < 5.69 
F13 3.14 ± 1.32 < 5.43 

Table 4. Results obtained by Gamma-ray Spectrometry. 

Sample 222Rn Activity (Bq/L) 226Ra Activity (Bq/L) 
P1 3.33 ± 1.50 <5.82 
P2 9.87 ± 2.36 <6.25 
F1 28.41 ± 3.29 <7.97 
F2 28.02 ± 3.51 <7.97 
F3 <3.17 <3.46 
F4 60.87 ± 5.15 <9.40 
F5 51.07 ± 7.26 <9.13 
F6 148.98 ± 18.58 <15.97 
F7 10.23 ± 1.49 <7.39 
F8 16.41 ± 2.30 <7.56 
F9 1.65 ± 1.32 <4.62 
F10 2.65 ± 1.67 < 5.66 
F11 2.23 ± 1.46 < 5.28 
F12 3.48 ± 1.89 < 5.91 
F13 2.99 ± 1.48 < 5.76 

4.2. Activity-Lithology Relationship 

Next, the relationship between Radon values found 
in the waters and values found in literature will be 
studied, taking into account the chemical nature of the 
bedrock and the soils that make up the aquifer. 
Aquifers are classified into 3 categories according to 
the mean concentration of 222Rn found [17] (Table 5). 

Table 5. 222Rn activity in aquifers. 

Aquifer  222Rn Activity (Bq/L) 

Metamorphic rocks 
Detrital rocks 

Sedimentary rocks 

54-274 
15 
<4 

 

Regarding metamorphic rocks, the average value is 
between 54 Bq/L and 274 Bq/L. The samples from the 
Alpujarra fall within this interval with a mean value in 
this type of lithology of 88 ± 7 Bq/L. However, those on 
the coast are far below, with an average activity of 13 ± 
2 Bq/L.   

With regard to the detrital areas, no water was 
measured in the Alpujarra. The average value is 15 
Bq/L and the 222Rn measured in waters, in this type of 
aquifers on the coast, drops to 5 ± 2 Bq/L. 

Finally, in aquifers with carbonate rocks, the mean 
value of the Alpujarra samples is below 4 Bq/L 
(theoretical value), with an average activity of 1.78 ± 
1.32 Bq/L. On the other hand, it is necessary to 
highlight the value of 222Rn found in this type of aquifer 
on the coast of 10.08 ± 1.76 Bq/L. 

5. CONCLUSIONS 

In this work, the concentration of 222Rn and 226Ra 
has been determined, in 15 untreated natural waters, 
distributed in the province of Granada (Spain). 

The average activity concentration range for radon 
was from about 2 to 150 Bq/L, while for the activity for 
radium it was below the detection limit of the 
equipment for this isotope. 

The values obtained in the measurements of Radon 
dissolved in the water samples of the Alpujarra are 
within the theoretical ranges of activity based on the 
lithology of the aquifer, found in the bibliography. 
Those corresponding to coastal sources are well below 
the theoretical ones for metamorphic and detrital 
areas, which could be due to the distance between the 
aquifer and the source. However, the results 
corresponding to the carbonate zones show activity 
levels well above the theoretical ones. This makes us 
suspect that the increase in the concentration of 
dissolved Radon is due to exogenous contributions 
such as phosphate fertilizers, or other substances used 
in agriculture, however, with the studies carried out we 
cannot establish a direct relationship between them, it 
would be necessary to expand this study. 

There is no radiological risk to health, the waters 
studied are suitable for consumption. Only sample F6 
exceeds by 50% the lower limit of 222Rn established by 
the European Directive 2013/51 EURATOM of 100 
Bq/L. However, it is far from the limit of 500 Bq/L of 
Spanish legislation (Royal Decree 314/2016), which 
would mean immediate corrective action. 
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