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RADIOLOGICAL CHARACTERIZATION OF PORTUGUESE NATURAL MINERAL WATER
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Abstract. Natural mineral waters used in therapeutic treatments present diverse chemical composition which can
include natural radionuclides, such as radon, increasing the risk of exposure to natural radiation for both workers
and bathers. The purpose of the present study was to evaluate the radon concentration in natural mineral waters of
17 Portuguese thermal establishments. The evaluation was carried out between 2013 and 2015 in several places of
each thermal establishment. An analysis of the compliance between the obtained values and the existing legal
requirements for the different parameters concerning radon concentration in water was made. The results showed
the presence of anomalous values both higher than the reference level and the action level. Approximately 50% of the
obtained results are higher than the reference level recommended by the EU, while 20% of the results exceeded the
action level. These results may also imply high concentrations of indoor radon (and hence occupational exposure to
radon), since the natural mineral water will be a continuous source of this radionuclide. The high values obtained in
some cases are worrying and show the need for a more detailed and extensive study, both in space and time.
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1. INTRODUCTION
In Portugal, there is a long tradition of using
natural mineral waters for medicinal purposes
(thermalism) with recognized health benefits mostly
due to the specific properties given by a diverse
chemical composition and temperature. However,
natural mineral waters may also contain significant
amounts of natural radionuclides, such as radon,
which will increase the risk of exposure to natural
radiation both for workers and bathers.
Radon gas can appear dissolved in natural mineral
water and may be released into indoor air. The release
of radon into the environment occurs when it comes
into contact with air, since the radon gas has very
different solubility in these two media, and the
partition coefficient is favorable to air. The estimation
of radon transferred from water to air involves
different factors such as the solubility of radon in
water, the amount of water used in the dwelling, the
volume of the dwelling, and the ventilation rate. The
proportion of radon transferred from water to air will
depend on the temperature and water salinity. The
amount of waterborne radon escaping into the air is
different throughout a dwelling but is higher in areas
of active water use such as bathrooms and kitchens.
The same will occur in thermal establishments: the
indoor radon concentration will be higher in areas
with water usage for therapeutic treatments, and in
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this case, it will also depend on the processing to
which water goes through at the circuits and places of
use [1], [2].
The relationship between the lung cancer risk and
radon exposure is well known [3], [4], [5] – [19]. The
evidence of this relationship comes from
epidemiological studies with miners, especially from
uranium mines, who are potentially exposed to high
levels of radon, along with other chemicals,
radioactive minerals and particulate matter [13] and
recently from epidemiological studies of regions with
high radon levels. This is the case of some studies
conducted in the population from the USA, France
and the United Kingdom [20].
The worldwide proportion of lung cancers due to
indoor radon exposure is estimated to range between
3 and 15%, depending on average radon concentration
in the concerned country and calculation method [10,
11]. Nevertheless, until now the only certain situation
and proven scientifically, results from the
epidemiological studies.
Many countries under national legislation, as well
as under international norms and recommendations,
have defined an action level for radon. However, the
action level must be adequately interpreted as this is
not a boundary between safe and unsafe; it is rather a
value that was set so that the risk of a typical person
drinking such water is similar to the risk from
breathing air which contains radon at a level of 200
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Bq/m3. This is the action level of radon concentration
in the air, which means that with this radon level
mitigation measures should be taken to reduce radon
level in homes.
Other values for indoor radon concentration have
been mentioned by reference organizations: the WHO
recommends that radon level should be kept below
100 Bq/m3 [11], the International Commission on
Radiological Protection stated a value of 300 Bq/m3
[6] which is the same as the value set by the EU
Directive 2013/59/Euratom [21].
The European Directive 2013/51/Euratom, on
requirements for the protection of public health, with
respect to radioactive elements in water intended for
human consumption provides a parametric value
between 100 Bq/L and 1000 Bq/L for radon
concentration (not applicable to natural mineral
waters) [21]. Correction measures for radiological
protection reasons are considered justified where
radon concentrations exceed 1000 Bq/L [21]. The
World Health Organization set the guidance level to
100 Bq/L in the third edition of the WHO drinking
water guidelines [9]. On the other hand, the
Portuguese legislation Dec-Lei 23/2016, which
establishes the requirements for the protection of the
health of the general public with regard to radioactive
substances present in water intended for human
consumption, states that a parametric value for radon
concentration should be set at 500 Bq/L and where
the radon concentration exceeds 1000 Bq/L, measures
are warranted.
The United States set a Maximum Contaminant
Level for radon in drinking water from private water
supplies of 150 Bq/L, and although the EU
recommends an action level of 1000 Bq/L, no
reference value has been established yet as a threshold
for the concentration of radon in mineral waters, as it
is assumed that mineral waters are not consumed on a
regular basis.
The objective of this study was to evaluate the
radon concentration in natural mineral waters of 17
Portuguese thermal establishments and verify the
compliance of the results with the different
parameters for radon concentration in water from
legal requirements. The study was developed between
2013 and 2015.

2. MATERIALS AND METHODS
The evaluation of radon concentration in thermal
mineral waters was carried out in several places
(inhalation therapy room - ORL, buvete, thermal pool,
spring and vichy shower) of each one of the selected
thermal establishment (TE) (Table 1).
Samples of water (10 ml) were collected with a
syringe at each water point and carefully poured into
20 ml volume glass vials where previously 10 ml of
immiscible scintillation cocktail was added (Betaplate,
Perkin-Elmer ®). All measures were taken to prevent
gas leakage during transport as bottles with a sealed
opening and safety mechanisms were used.
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Table 1. Thermal establishments participating in the study

Thermal
Establishment

District

County

Caldas da Felgueira
Caldas de Manteigas

Viseu
Guarda

Caldas da Rainha

Leiria

Caldelas
Caldas da Saúde
Alcafache
Taipas
Cró
Entre-os-Rios
Longroiva
Luso
Moimenta

Sangemil

Braga
Porto
Viseu
Braga
Guarda
Porto
Guarda
Aveiro
Braga
Viana do
Castelo
Viseu

Nelas
Manteigas
Caldas da
Rainha
Amares
Santo Tirso
Viseu
Guimarães
Sabugal
Penafiel
Meda
Mealhada
Terras do Bouro

S. Lourenço

Bragança

S. Pedro Sul

Viseu
Castelo
Branco

Monção

Unhais Serra

Monção
Tondela
Carrazeda de
Ansiães
S. Pedro do Sul
Covilhã

The activity of the radionuclides present in the
collected water samples was measured by means of
Liquid Scintillation Counting (LSC) technique using
an ultra-low level spectrometer (Quantulus 1220) in
the Laboratory of Natural Radioactivity of the
University of Coimbra. This is the standard laboratory
method to quantify the radioactivity of low energy
radioisotopes, mostly beta-emitting and alphaemitting isotopes. The sensitive LSC detection method
requires specific cocktails to absorb the energy into
detectable light pulses.
Radon gas measurements were performed using
the double-phase method [22]. The uncertainties
depend on the activity but, in general, were less than
15% over the measurement range.
For a more detailed description of the LSC
techniques see Gonçalves and Pereira, 2007 [23]. The
efficiency of the method was evaluated by measuring
several standard solutions and by participating in
inter-comparison exercises.

3. RESULTS AND DISCUSSION
The majority of the thermal establishments
considered for radon measurements in natural
mineral water are located in regions formed mainly by
granite substrate, in the areas of fractures that are
associated to fault zones (Figure 1).
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Table 2. Summary of the results obtained for radon
concentration in natural mineral water (Bq/L)

Location

S

Min.

Max.

Av.

Bq/L
Buvete (B)

3

59

968

ORL
Thermal Pool (TP)
Hole
Spring (SP)
Vichy Shower (VS)

499

15

20

5195

718

8

0.1

953

284

24

32

6949

1149

3

23

478

251

2

45

2549

1297

Av. - average; S – number of samples

Figure 1. Location of the thermal establishments in
mainland Portugal and its relationship with the large
structural units

3.1. Natural mineral waters
The natural mineral waters under study are
classified according to their chemical composition as
mainly alkaline, sulfur, bicarbonate-sodium whereas
some are also classified as radioactive to strongly
radioactive [19].
Thermal techniques for therapeutic purposes
comprise internal or external application techniques.
Internal administration techniques take benefit from
the chemical-physical composition of the mineral
natural water and include: i) oral ingestion of water;
ii) injection of natural mineral water (clyster) and iii)
administration of water by colorectal route.
External administration techniques, apart from
the chemical-physical composition of each type of
mineral natural water, take advantage from
hydromechanical and hydrothermal factors common
to all hydrotherapy techniques. These include:
i) bathing; (ii) showers; (iii) vapours; iv) massage
showers; (v) pellets and (vi) several practices for
application of water in benefit of the respiratory
system. This means that the exposure to radon
present in waters may effectively happen to bathers
and workers as well, especially when their
permanence in the treatment rooms is required.
3.2. Concentration of radon in natural mineral
water
A summary of the overall values obtained for
radon concentration in natural mineral waters is
presented in Table 2.

A total of fifty-five water samples were analyzed
for radon concentration. From this set of results, it is
possible to observe a wide range of variation for radon
levels: 0.1 - 6949 Bq/L, a geometric mean of 175 Bq/L
and an arithmetic mean of 842 Bq/L. The highest
value was obtained in holes (6949 Bq/L) and the
lowest value in thermal pools (0.1 Bq/L).
Thermal water used in ORL techniques presented
more than 5000 Bq/L, slightly lower than the levels
obtained for water samples taken directly from holes.
The obtained results, discriminated by thermal
establishment, are presented in Table 3 (B - Buvete,
TP – Thermal Pool, SP – Spring, VS – Vichy Shower).
The identification (Table 1) is not linked to the
presented data due to a confidentially agreement.
Table 3. Radon concentration in natural mineral water per
location of sampling and thermal establishment (Bq/L)

Hole

SP

VS

--

--

B

ORL

TP

1

968

976

6

2

59

26

--

41

--

--

--

3

--

51

15

120

--

86

--

--

TE

1

2

Bq/L

4

--

112

5

--

5195

6

--

1137

7

471

102

8

--

--

--

759

380

--

--

6949

6775

--

--

718

1373

1334

--

--

--

1446

423

478

--

44

--

57

53

--

--

9

--

75

--

41

--

--

45

10

--

20

1

47

48

--

--

11

--

120

0.1

69

--

--

--

12

--

--

--

199

452

--

--

13

--

127

--

189

--

--

--

14

--

2624

953

3090

3601

--

2549

15

--

28

0.1

57

--

--

--

16

--

63

10

47

--

--

--

17

--

--

--

32

--

23

--
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The results obtained for TE5 stand out by their
magnitude, presenting values always above 5000
Bq/L.
The thermal establishment in which the lowest
values of radon concentration in the water were
obtained was in TE10 (1-48 Bq/L). However, this is in
disagreement with the previous classification of these
thermal waters as “radioactive water” [22] beside that
fact that its spring is also located in a granitic area.
The locations where radon concentration in water
is below the action level correspond to the thermal
pools, with the exception of TE6 and TE14. A plausible
explanation for the obtained concentration values may
be due to the fact that as the water is treated there
may be some stirring in this process and therefore the
radon concentration is lower [23]. Another important
contribution to the obtained values results from the
fact that as the water is not replaced daily, there is a
significant reduction in radon levels due to the decay
into the solid progeny [24].
The obtained results were grouped into three
categories, according to the radon concentration levels
and both reference level and action level values: i)
below the reference level (100 Bq/L); ii) higher than
the reference level but lower than the action level (100
- 1000 Bq/L); iii) higher than the action level (1000
Bq/L).
The concentration of radon in water from TE2,
TE8, TE9, TE10, TE15, TE16 and TE17 did not exceed
the EU reference level of 100 Bq/L. Accordingly, in
previous literature [24], natural mineral waters from
some of these thermal establishments (TE2, TE8,
TE16 and TE17) were classified as non-radioactive.
However, in the same reference [25], the natural
mineral waters from TE9, TE10 and TE15 are
classified as highly radioactive (TE9) and radioactive
(TE10 and TE15), although the results obtained in this
study are below 100 Bq/L. In particular, for TE4 and
TE13, natural mineral waters are classified as highly
radioactive [24]. Nevertheless, the results obtained
were between 100-1000 Bq/L. For other cases, TE7
and TE12, the water is classified as non-radioactive,
contrary to the results obtained in several points
where water samples from these two thermal
establishments were taken and analyzed.
Regarding the results that exceeded the limit of
action, 1000 Bq/L, only three thermal establishments
stand out: TE5, TE6 and TE14. With the exception of
TE5, the natural mineral waters from TE6 and TE14
are classified as strongly radioactive [26]. Moreover,
although natural mineral water from ET5 is classified
as non-radioactive water [24], it has been found out
that the radon concentration in natural mineral water
is quite high (> 1000 Bq/L) and this is in a good
agreement with its geologic setting (region with high
outcropping of granites) [25].
In TE6 and TE14 radon concentration is below the
action level (although above the reference level) only
in the thermal pool, since for all other places radon
concentration is above 1000 Bq/L.
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4. CONCLUSIONS
The results of radon concentration in the natural
mineral water revealed anomalous values, which are
sometimes higher than normal, both at the reference
level and at the action level. Approximately 50% of the
results obtained for the radon concentration in
natural mineral water are above the reference level
recommended by the EU, while 20% of the results
exceeded the action level. The high values obtained in
some cases are worrying and show the need for a more
detailed and extensive study, both in space and time.
These results may also imply high concentrations
of radon in indoor air, and hence occupational
exposure to radon, since the natural mineral water
will constitute a continuous source of this
radionuclide. The extension of this exposure and the
consequent risk will be much more relevant for
workers than for bathers, as it will result in a shortterm impact for the latter, and in a long-term impact
for workers who have longer and continuous exposure
periods. In this way, this additional exposure may
become extremely significant to this worker group and
radon occupational exposure should, at least, be
monitored.
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