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Abstract. With the objective of estimating the dose, due to Radon-222,  received by tour guides and other people 
who work inside some of the most important tourist caves in the Republic of Cuba, measurements of radon 
concentrations were carried out in four of these caves: Santo Tomás Cave, Tapiada Cave, Del Indio Cave and 
José Miguel Cave.  All these caves are located in the Viñales Valley (Pinar del Río City), a very important 
tourist area in the country. The relationship among radon concentration, the concentration of natural 
radionuclides inside the caves and the geologic characteristics of the specific locations was analyzed. In order to 
select the most appropriates measurement places,  different criteria were taken into account: representatives 
points of the geology of the caves, level of gamma radiation, exchange of air, places of work inside the caves 
(cafeterias, restaurants and shops)  and places more frequently visited by tour guides. The maximum radon 
concentration was found in José Miguel Cave with a value of 220 Bq/m3. The measurement of gamma dose rate 
inside the caves was carried out with a scintillation detector type Scintrex BGS-3 previously calibrated at SSI, 
Sweden.  The radon concentrations were measured with the equipment Alpha Guard PQ2000/MC50 and 
SARAD RM2000, both also calibrated at SSI, Sweden. The obtained results indicated that, in the studied caves, 
the annual dose is not greater than 1 mSv considering a work year of 2000 hours. 
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1. Introduction 
 
In Cuba there are more than 11 000 known caves. Many of these caves are used with tourist 
objectives, being the visit to them a regular activity included in the majority of the tourist programs. 
 
Previous studies [1,2] have shown that is frequent to find high values of radon concentration inside 
caves, of the order of 1000 Bq/m3  or more.  These high concentrations are not considered a health risk 
for the tourists visiting the caves because the time the tourists spent inside the cave is short. In this 
sense, the exposure of the tourists to the noble gas is not significant. However, the tour guides and 
other people who work inside the caves (cafeterias, restaurants and shops) are exposed during long 
periods of time to radon concentrations present in their working environment.  It is known that, in 
some cases, the dose received by these personnel exceed the recommended limits [3]. 
 
Prior to this investigation, no study of this type had been carried out in our country. For this reason, 
the dose received by tour guides and other people working inside the caves was totally unknown. 
 
2. Materials and Methods 
 
The radon concentration determination was carried out in four of the most important caves, from the 
tourist point of view, in the Republic of Cuba: Santo Tomás Cave, Tapiada Cave, Del Indio Cave and 
José Miguel Cave. All these caves are located in the Viñales Valley (Pinar del Río City), a very 
important tourist area in the country. 
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The caves Santo Tomás and José Miguel have the particularity that they are located inside one of the 
known “mogotes” of Viñales and form the largest complex of caves in Cuba, with galleries of more 
than 60 km lenght. 
 
In Santo Tomás and Tapiada caves no specials constructions have been done in order to facilitate the 
access of tourists to them.  In José Miguel and Del Indio caves, some galleries have been adjusted for 
allowing a better access. 
 
2.1 Geologic characteristics of the caves locations  
 
The studied caves are located in an area corresponding to the Geological Unit of Guasasa [4,5], its 
name comes from the Guasasa Ridge, Pinar del Río province. The main unit belongs to the Viñales 
Group and its distribution is developed in the Los Organos Ridge, in the same province. 
 
The Guasasa Unit is tectonically correlated, in some regions, with the Arroyo Cangre Formation, 
which lithologically is conformed by metasandstone, chlorite-muscovite schist and marbles. Inside the 
Unit, rocks belongings to San Vicente, El Americano, Tumbadero and Tumbitas Members are being 
developed. In figure 1 the geographic location of the studied caves is shown.  
 
Figure 1: Geographic location of the studied caves and three dimensional model of the field.  
   

 
 
2.2 Measurements 
 
In order to select the most appropriates measurement places,  different criteria were taken into 
account: representatives points of the geology of the caves, level of gamma radiation, exchange of air, 
places of work inside the caves (cafeterias, restaurants and shops)  and places more frequently visited 
by tour guides. 
 
The measurement of gamma dose rate inside the caves was carried out with a scintillation detector 
type Scintrex BGS-3 previously calibrated at SSI, Sweden.  The radon concentrations were measured 
with the equipment Alpha Guard PQ2000/MC50 and SARAD RM2000, both also calibrated at SSI, 
Sweden. The Alpha Guard PQ2000/MC50 measures the alpha decay from radon, while the SARAD 
RM2000 measures the gas noble indirectly through the alpha decay of the daughter Po-218. These 
instruments measure the radon concentration in ten minutes intervals. The measuring time was 30 to 
60 minutes, which is enough time for the instrument to stabilize. It takes about 20 minutes before 
radon diffuse into the ionization chamber. Therefore the results of the first ten minutes measuring 
periods were not used. Simultaneously with the radon concentration measurement, the equipment offer 
information about air temperature, air pressure and relative humidity, this information is recorded in 
the instruments internal data logger.  
 



At the measurement points, the data was transferred to a portable Laptop computer and displayed on 
the computer screen. In this way, it was possible to analyze the measurement and adjust it to what the 
local situation required, for example the measuring time was extended if the radon concentration was 
variable.  
 
In the selected measurement points, together with the radon concentration, gamma spectrometric 
measurements were carried out employing the equipment Exploranium GR-130G-MiniSPEC, 
calibrated by SSI specialists in the installations of the Borlänge Airport in Sweden. In figure 2 the 
location of the equipment in one of the selected measurement points is shown.  
 
Figure 2: Measurements carried out in one the selected points inside in one of the studied caves  
 

                                             
 
3. Results 
 
In table 1 the results of the measurements carried out in the selected places of the studied caves are 
shown.  
 
Table 1: Results of the measurements carried out in the selected places of the studied caves 
 

Cave and 
measurement 

location 

Mean radon-222 
concentration 

[Bq/m3] 

Gamma 
dose rate 
[µµµµSv/h] 

Ra-226 
[Bq/kg] 

Th-232 
[Bq/kg] 

K-40 
[Bq/kg] 

Santo Tomás Cave 

Lake 1 35 0.05 41 14 680 
Megaloenus 

Entrance 100 0.05 16 1 279 

Megaloenus 
Balcony 

145 0.04 33 < 1 560 

Tapiada Cave 

Lake Liduvina 175 0.03 27 3 341 
Gallery 70 0.06 71 16 806 

Del Indio Cave  

Bridge on the shore 
of the lake 45 0.03 30 6 403 

Horseshoe 88 0.06 63 23 700 

José Miguel Cave 

Center of the gallery 180 0.08 64 38 1302 
 
 
 



3. Discussion 
 
The radon concentrations in the studied caves are below the limits established for underground places: 
400 – 1000 Bq/m3 depending on the work conditions [6].       
 
The highest radon concentration was measured in José Miguel Cave where the measurement was 
carried out in the gallery that leads from the restaurant at the entrance to the restaurant on the opposite 
side of the mountain. The point for the measurement was chosen at the center of the gallery, at equal 
distances from each entry to the gallery. At this point there was a small seepage of groundwater from 
the joints in the rock. This is a black metamorphic limestone (marble). This black limestone is slightly 
more radioactive than the gray limestone in the other caves (0.08 µSv/h). Although the gallery was 
well ventilated was the mean radon concentration 180 Bq/m3 (140-220 Bq/m3). Presumably the higher 
radon level is related to the higher concentration of uranium in this black limestone and the out-flow 
of groundwater. 
 
The measured maximum radon concentration corresponds to the limit established for the construction 
of new buildings in some countries. It is known that the annual effective dose estimated to these 
concentration levels of radon is approximately 1 mSv for a work year of 2000 h [7]. For comparison, 
the yearly average radiation dose to members of the public from natural radiation is about 1 - 2 mSv. 
 
4. Conclusion 
 
In the studied caves it should not be necessary to implement any measures to control radon or to 
monitor individual tour guide exposure. However, it is necessary to point out that the concentration 
level of radon can be higher in other caves, specially in those  where the uranium content be superior, 
exist major affluence  of underground waters or the exchange of air be lower.  
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