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1 INTRODUCTION
In the context of radiation protection for both workers and the population in general,

natural sources of radiation, and in particular radon gas and its short-life decay products
assume great importance. In particular, workers in thermal spas can easily be exposed to a
level of radon radiation and its decay products comparable to those in uranium mines, though
often these workers are unaware of the danger [1,2,3].

The main source of radon in thermal baths is the thermal water itself, coming as it
often does from deep springs, and this can produce high radon concentrations which are left in
those areas in which therapy is carried out. Another factor which cannot be overlooked is the
radioactive content of thermal mud, often 'matured' for long periods by contact with thermal
water [4].

Thermal cures, though varying slightly from site to site, consist principally of mud
cures, hydro-therapy and inhalation in various forms. Both health workers and patients are
exposed to radiation, most importantly certainly through inhalation, though in certain
procedures ingestion and irradiation are also important factors [5].

International organizations have been addressing the problem of radiation exposure to
health workers in spas for a number of years and recently protective legislation has been
introduced regarding the use of natural springs. In 1996, Directive 96/29/EURATOM [6], was
issued which reflects the norms advocated in ICRP publications, notably publication no.65
[7].

This directive was subsequently embodied in Italian legislation (DL 241/00) [8],
providing for precise quantification of exposure levels for health spa workers.

The object of the project undertaken by our group was thus the evaluation of the
radiation doses for health workers and their patients in an Italian thermal health centre. A
necessary step towards this was the exact measurement of radon concentrations in places
where workers and patients are to be found. Such measurements could be done on a short-
term basis, but legislation recommends long-term monitoring which can more accurately
reflect the effective exposure to radon. With passive sampling, experience shows the



importance of environmental factors, and in the case of thermal spas these are particular, with
often high temperatures and humidity levels given the various uses of water in showers,
aerosols and baths. 

It seemed therefore opportune to test the passive measurement techniques in current
use for quantifying indoor radon concentrations, to evaluate their reliability. The present
report presents just such an evaluation.

In addition, several short-term comparative measurements of radon in air were made
between different active instrumentation. Concentrations of radon in thermal water was
analyzed with two different techniques, too.

Alongside these, the concentration of radon decay products over time was determined
to enable a equilibrium factor 'F' to be determined, which has particular dosimetric
significance.

2 MATERIALS AND METHODS
At the Abano Terme spas in Veneto, 10 km from Padova, the principal cures involving

thermal water are mud baths, inhalation and thermal baths. The water emerges at high
temperature (around 80 °C) , has a high mineral content and contains a certain level of natural
radioactivity, principally of the 238U chain [4,5]. 

The principal locations where possible exposure to radon might occur were examined,
in particular the therapy room where total body immersion in mud is done, followed by a
thermal water bath, and the inhalation room where thermal water is taken in by the patients. It
is important to note that these rooms are quite small with limited air circulation especially in
winter.

Another subject of investigation was the indoor swimming pool which uses thermal
water. 

2.1 Radon measurement in thermal waters
Two familiar techniques for measuring radon concentrations in water were compared:

liquid scintillation [9], and the gamma spectrometer using an aluminium Marinelli beaker
sealed against radon leakage [10,11]. Samples were taken both from the spring and from the
point of use (the shower). Levels of radon concentration were also measured in the swimming
pool.

2.2 Radon measurements using active instrumentation
In two treatment areas, the therapy room and the inhalation room, continuous

comparative measurements of radon concentration were made over a period of several weeks,
using the following instrumentation:

� Alphaguard ionization chamber (Genitron, Germany),
� ATMOS ionization chamber (Gammadata, Sweden),
� RAD7 solid state detector (Durridge, USA).

In addition, in parallel with the measurements in the therapy room, readings were taken
in the adjacent corridor using an AB4 scintillation chamber (Pylon, Canada). Such
instrumentation also allows a check on the principal climatic parameters.



2.3 Measurement using passive detectors
Long-term measurements were made over 3-4 months in both the cure rooms and in

other locations frequented by workers and patients. The detectors employed were:
� Electrets detectors: SST (S chamber, short-term electrets) and LLT (L chamber, long-

term electrets) configuration (Rad Elec, USA) [12]
� LR115 track detectors (ENEA-DISP configuration) [13]
� CR39 track detectors (RadoSys configuration) [14]

In particular, regarding the electrets, their performance was tested under conditions of
high temperature, humidity and dust concentration which could cause anomalous discharges,
producing false readings. For this reason some of the detectors were wrapped in tyvek jackets
permeable to radon but not to dust. 

Some of the CR39 detectors were wrapped in polyethylene, identical to that used for the
LR115, to provide protection from possible humidity.

2.4 Measurement of radon decay products
A solid state detector (WLX - Pylon, Canada) was used for continuous radon decay

products measurements in the therapy room and the inhalation room. An Alphaguard
ionization chamber was employed in parallel radon concentration measurements to determine
the 'F' equilibrium factor.



3 RESULTS AND CONSIDERATIONS

3.1 Measurement of radon in thermal waters
The results of the measurements of thermal water and the techniques used (as

described above) are set out in Table 1.

Tab. 1 Radon concentrations in the thermal waters 

Location Liquid Scintillation 
Rn (Bq/m3)

Gamma spectrometry
Rn (Bq/m3)

Spring 130 ± 30* 138 ± 20*
Therapy room 98 ± 19* 108 ± 16*

Swimming pool 11 ± 3* 17 ± 3*
* Expanded uncertainty (coverage factor K=2)

A good consistency is to be noted between the different measurements, especially
when considering the different sampling techniques employed and the particular nature,
especially the high temperature, of the water examined.

The values of radon levels recorded are comparable to those in other thermal baths in
Italy [15] and abroad [16,17], confirming the importance of determining exposure levels for
the workers.

3.2 Radon measurement with active instrumentation
Figure 1 shows typical measurements of radon levels against time in the therapy room

and the adjacent corridor over a selected period of two days.
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Fig. 1 Concentration levels in the therapy room



The resulting average levels of concentration over the period are shown in Tab.2.

Tab. 2  Mean radon concentration levels in the air of the therapy room 

Time duration Instruments Rn concentration (Bq/m3)
17/01/02 - 30/01/02 ATMOS 469

ALPHAGUARD 495
RAD 7 440

AB 4 (corridor) 294

The close correlation between the instruments used is evident, as confirmed also by
other measurements taken in the inhalation room, although the rapid variations in
concentration, due presumably to the presence of mud and thermal water, are shown more
accurately by the instruments based on ionization chamber which has a shorter response time.

It is also to be noted how the radon concentration in the adjacent corridor, although at
a reduced level, is correlated to that inside the room, and this cannot be disregarded.

Figure 2 shows the concentrations over an average day, both working days and
holidays. The shown concentrations were evaluated on the basis  of the Alphaguard ionization
chamber measurements. 

It clearly demonstrates the correlation between the type and time of therapy sessions
and the level of radon detected. 

200

400

600

800

1000

1200

1400

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

time of day

ra
do

n 
co

nc
en

tra
tio

n 
(B

q/
m

3 ) working day

holiday

Fig. 2 Radon concentration on an average day in the therapy room

When the levels on an average day in the inhalation room are examined, shown in
Fig.3, the correlation with therapy sessions seems less marked.
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Fig. 3 Radon concentration on an average day in the inhalation room

3.3 Measurement of radon decay products
Figs. 4 and 5 show continuous measurements of radon and its short-life decay products

taken in the inhalation and therapy rooms at different times of year, winter (inhalation room)
and summer (therapy room). The concentration of decay products is seen to largely follow
that of the radon. The resulting equilibrium factor ‘F’ between radon and its decay products is
shown in Tab.3. 
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Fig. 4 Concentration of radon and its decay products in the inhalation room
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Fig. 5 Concentration of radon and its decay products in the therapy room

Tab. 3  Equilibrium factor between radon and decay products

Location F mean F min F max
Therapy room 0.36 0.13 0.61

Inhalation room 0.23 0.04 0.55

The equilibrium factor shows a certain variability, probably due to ventilation and
other factors, an already well-documented observation in the literature [17]. The mean value
of F, especially in the case of the inhalation room, is seen to depart notably from the value 0.4
which is commonly used in the estimate of doses in accordance with ICRP 65 methodology
[7].

3.4 Radon measurements using passive dosimeters

The long-term readings of radon concentration (in Bq/m3) using various types of
detectors and in different locations are shown in Tab.4. The expanded uncertainty are given
with a coverage factor K=2.



Tab. 4  Summary of measurements using passive detectors

Location Electrets
LLT

Electrets LLT
“tyvek”

LR 115 CR 39 CR 39
Wrapped

Therapy room 423 ± 56 423 ± 56 424 ± 94 348 ± 28 280 ± 18
Inhalation room 314 ± 47 193 ± 39 230 ± 65 140 ± 14 230 ± 28
Swimming pool 509 ± 63 386 ± 53 446 ± 31 220 ± 5 262 ± 21

Reception 375 ± 52 --- 313 ± 24 --- ---
Mud  tanks zone

(outdoor) 339 ± 49 --- 133 ± 26 68 ± 6 74 ± 8

Thermal cave 781 ± 86 1246 ± 128 50 ± 10 88 ± 9 77 ± 6

The measurements obtained with the different detectors often gave very different
results according to the technique employed. While it seems clear that the electrets should be
protected in order to function correctly, it is not yet clear if the protection used in the case of
the CR39 is opportune or sufficient. In fact in very dusty and humid environments (therapy
room), the protective polyethylene jacket became coated in mud which in all likelihood
reduced its permeability to radon.

 The measurements taken in the thermal cave, where the temperature is over 40 °C and
relative humidity around 100%, are difficult to interpret, the discrepancy between the
electrets' readings and those of the other passive detectors being around 1 order of magnitude. 

4 CONCLUSIONS
The measurement of radon concentration levels in water gives a good indication of the

potential concentration of radon in the air in the rooms where the water is used.
Continuous measurements recorded in the therapy rooms in both winter and summer

show a notable difference in the concentration of radon present. This could be due to the
amount of ventilation which is much greater in summer, and to the fact that in summer fewer
therapy sessions are undertaken. In addition attention should be drawn to the possible
influence of soil radon, that depends on the temperature gradient between indoors and
outdoors. This could go some way towards explaining the concentration of "background"
radon in winter, even during non-working periods (see Fig.2). Such a hypothesis seems to us
to call for long-term radon monitoring, possibly using passive dosimeters. 

Experience suggests that particular attention be paid to how they are employed, with
protection necessary for some instruments in the conditions of high dust concentration, high
temperature and humidity present in thermal centres. In some extreme cases, for example in
the thermal cave, further measurements should be taken to determine the reason for the
discrepancies between the readings among the detectors employed.

The current project foresees on-going monitoring over a year allowing seasonal
variations to be effectively determined.

Such monitoring will be used to evaluate exposure levels for workers and patients,
taking occupational factors into account.
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