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Abstract

Concentrations of 222Rn were determined in selected thermal water samples of the northern
region of Venezuela. Concentrations in the range of 1}560 Bq/l were found. Soil radon
concentrations and air radon concentrations related to the high values of radon concentration in
water were investigated in El Castan8 o and at a spa in Las Trincheras. An outstandingly high radon
e%ux was found in Las Trincheras with an average soil radon concentration of 122 kBq/m3,
and an air radon concentration of 54 kBq/m3 in inhalation treatment pipes. Dose calculations
revealed that regular consumption of the measured water samples presents an extra dose of
radiation that may range up to 4 mSv/y. ( 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The natural radioactivity in our environment has been investigated more intensely
in the past years due to public concern for radiation-induced health hazards. In
Venezuela, after sporadic studies in the past (Ernst, 1883; Revista del Min, 1939;
Sandoval, Greaves & Helender, 1987), several long-term programs have started and
six research groups are already active in measuring the radiation of the environment

*Corresponding author. Tel.: #36-1-2090555/6315; fax: #36-1-372-27-53.
E-mail address: akos@ludens.elte.hu (AD . HorvaH th )

0265-931X/99/$ - see front matter ( 1999 Elsevier Science Ltd. All rights reserved.
PII: S 0 2 6 5 - 9 3 1 X ( 9 9 ) 0 0 0 3 2 - 6



and studying the induced health hazard. Though more experimental data are neces-
sary, the connection between radon in air and the risk of lung cancer is well
documented (UNSCEAR, 1993). Radioactivity in natural water sources may also
cause health damage. The radium isotopes (which can be built into the bones) and
their daughters * "rst of all the dissolved radon which can enter the body #uids
* are the primary sources of this hazard. Waters coming from deep geological zones
and underground waters stemming from uranium-rich soil are the "rst candidates for
high radon and radium concentrations.

High radon concentrations in spring waters (Oliveira, Mazzilli, Sampa & Silva,
1995; Jacomino et al., 1996) and ground waters (Fernandez, Lozano & Gomez, 1992;
Barillon et al., 1993; Folger, Nyberg, Wanty & Poeter, 1994) have already been
reported, and dose calculations show that radon-related health hazards are consider-
able compared to those from other radionuclides. As a large part of Venezuela's water
supply is obtained from spring wells, it is of primary importance to study the presence
of radon in these (as requested by WHO and more recently by PAHO1).

In this paper we report that in northern Venezuela there are several areas where the
springs and mineral wells have high radon concentrations. We describe a method for
the fast determination of the radon concentration of numerous water samples in
a short time (compared to the half-life of radon) which makes regional surveys
possible. We present the results for several areas where many samples of thermal and
mineral water were collected in the northern region of Venezuela. As a "rst step in
establishing the relation between radon concentration in water and in other media we
determined radon concentrations of air and soil pores connected to water sources of
high radon concentration.

2. Experimental methods

The investigated sites were chosen on the basis of results of previous studies
(Urbani, 1991). The water samples were taken in six areas in the northern part of
Venezuela. Three groups of thermal spas were examined: Las Trincheras in Carabobo
state, Mariara in Aragua state, and San Juan de los Morros in GuaH rico state. Two
samples were taken from natural mineral water springs at San Casimiro and Club de
Campo in Miranda state and from a group of natural thermal mineral water springs
at El Castan8 o, north of Maracay in Aragua state (Table 1).

The dissolved radon concentrations of these samples were determined. The samp-
ling method consisted of collecting approximately 250 ml of water directly from the
springs in a gas washing bottle, or in a half-litre glass container following the EPA
recommendations (EPA 600/2-87/082, 1989). Te#on valves were used to close the
bottles. The containers were closed and para"lm wrapped around the joints to reduce
radon losses.

1Panamerican Health Organisation.
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Table 1
The overview of the geographical features of the sites and the average temperatures of the respective water
samples

Location State Temp
(3C)

Lon. W Lat. N Altitude
(m)(a.s.l.)

Rock type

Las Trincheras Carabobo 78 6834@56A 10318@30A 360 Granite
Mariara Carabobo 56 67340@54A 10318@48A 480 Granite
El Castan8 o Aragua 42 67334@02A 10319@56A 700 Granite
S. Juan de los Morros Guarico 34 67322@17A 9355@26A 440 Volcanic
S.Casimiro (SC) Aragua 27 67300@40A 1030@30A 542 Volcanic
C.de Campo (CC) Miranda 22 66359@00A 10323@00A 1250 Shists (quartz,

mica)

CC: Water from non-thermal well.
SC: Warm spring water rich in sulphur.

The radon concentrations of the samples were determined by means of a circular
air-tight system (ATS) assembled from the gas wash bottle (containing the sample),
a dehumidifying cylinder, an air "lter, a Lucas cell and a portable pump. First the
radon was bubbled into the air within the ATS over several cycles and then the radon
concentration of this air was measured by counting the alpha particles in a Lucas cell,
according to the EPA grab sampling protocol (EPA 520-1/89-009, 1989; EPA 600/2-
87/082, 1989). The data were saved by a monitoring system (PYLON Inc., Canada,
model AB-5). After 20 min of bubbling at a rate of 0.3 l/min the 151 ml Lucas cell was
closed and separated from the circle. After the radon reached the equilibrium with its
daughters (3.5-h decay time) an equilibrium measurement was performed. The radon
concentrations of the air of the ATS were determined according to the EPA standard
procedure of double-valve #ask-grab-sampling method (EPA 520-1/89-009, 1989).
The detector e$ciency was determined using the calibration data, obtained at the
EPA-NAREL (Montgomery, AL) radon chamber. The radon concentration of the
water sample was determined from the air concentration in the air-tight system and
from the volumes of the water samples and the total ATS, assuming that the ratio of
the radon concentration in the two phases reached the equilibrium values at
room temperature (Handbook of Chemistry and Physics, 1980). We made e!orts to
handle the background which is unavoidable in such a low activity measurement.
Therefore the radon content of the closed bubbling and detecting system was
measured before pumping and its contribution to the determined radon concentration
of the water sample was subtracted as one source of background. The uncertainties
of the radon concentrations of the samples were calculated from the statistical
#uctuation of the measured intensities, from the 5% uncertainty of the PYLON-AB
system and the 1% uncertainty of the volume determinations. The lower limit of
detection was in#uenced by the Lucas-cell detector background and the residual
gas contamination in the dehumidi"er and in the connecting pipes. The overall
LLDs varied slightly for each measurement and were estimated at 0.1}1 Bq/l depend-
ing on the cleaning procedure of the system between two measurements. We also
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investigated the 226Ra contents of some of our samples. Upper limits of the radium
contents were determined for some high activity samples by bubbling out the dis-
solved radon from the sample to purge the original radon content. Then the measure-
ments were repeated more than two weeks later when equilibrium between the
dissolved radium and the corresponding emanated radon had been reached again. In
this case the measured radon concentration comes purely from the radium content of
the sample.

The air concentrations related to some water samples were determined in a similar
way using the same PYLON-AB system and Lucas cells. We "lled the Lucas cell with
the air sample pumping it across the dehumidi"er and the air "lter according to the
aforementioned indoor measurement protocol of the double-valve #ask-grab-samp-
ling method (EPA 520-1/89-009, 1989). Equilibrium measurements (of radon and its
progenies in the air sample) were conducted to determine the radon concentration of
the air.

At some sites we determined the radon concentration in the pores of the soil at
a depth of 75 cm. To determine this concentration we used the MARKUS 10
(Gammadata, Sweden) radon monitor system consisting of a sonde, a pump and
a silicon detector.

3. Results

Among the selected sites, the radon concentration was in the range of the average
tap water (0}2 Bq/l) in three places. In two other cases, Mariara and Las Trincheras,
the measured range (3.6}19.3 Bq/l and 7.2}47.4 Bq/l, respectively) exceeded the 1991
EPA recommended limit for drinking water (11 Bq/l, Crawford-Brown, 1991; Cross,
Harley & Ho!man, 1985; EPA, 1991) but did not exceed that of several European
countries (e.g. Sweden, Finland and Great Britain) where this limit is 100 Bq/l for
municipal waters. An outstandingly high radon concentration (255 } 576 Bq/l) was
found in the springs of El Castan8 o. The results are given in Table 2. The radon
concentrations of air 10 cm above the outlet of the spring-pipes at El Castan8 o were
measured and an average of 4 kBq/m3 was obtained. The radon concentrations of air
next to the investigated water samples at Las Trincheras were measured in the
so-called inhalation pipes. These pipes were put directly to the ground and hot air
steamed out from the soil through these. These pipes are used for therapeutic
inhalation and they were put next to a source of hot thermal water (803C). An average
radon concentration of 54 kBq/m3 was found for these air samples.

The soil radon activities (in the pores) at El Castan8 o at Las Trincheras were
determined. In each case, a few sites were chosen around the water source and their
average radon concentrations were determined. Averages of 27 kBq/m3 (at El Casta-
n8 o) and 122 kBq/m3 (at Las Tricheras) were found each with a #uctuation of 20% at
75 cm depth.

Each value is an average over an area of 105 m2 around the springs where at least
8 check points were monitored. However, as the ground radon concentration highly
depends on meteorological conditions, our measurements were performed during
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Table 2
The radon in water concentration values and the corresponding dose values. Dose

2
values were calculated

following the UNSCEAR (1993) suggestion and Dose
1

were made using a higher conversion factor
suggested by Oliveira et al. (1995)

Place (number of
samples)

Concentration
range (Bq/l)

Uncertainty
(Bq/l)

Air
(kBq/m3)

Dose
1

(mSv/yr)
Dose

2
(mSv/yr)

Las Trincheras (6) 6.7}23 0.6}1.5 54 * *

47.4 2.1 * 13.6 0.34
El Castan8 o (4) 255}576 7}16 4 83}170 2.1}4.2

242}382 7}10 * 79}118 2.0}2.9
Mariara (4) 3.7}19.3 0.2}0.7 * 1.2}6.3 0.03}0.15
San Juan de los Morros (1) 1.0 0.75 * *

San Casimiro (3) 0.1}0.42 0.15 * 0.1 0
Club de Campo (1) 12.3 0.9 * 4.8 0.12

a steady dry season. Furthermore, only the windless days were selected for measure-
ments, i.e. winds did not exceed 0.2 m/s, the seasonal average of this region in the dry
season (Schwerdtfeger, 1976). The actual weather conditions in this part of Venezuela
are well described by the World Meteorological Organization. In our case the average
air pressure was 962 mbar while the temperature was 24.33C (Monthly Climatic Data
for the World, 1996).

Whole body e!ective dose calculations related to the ingestion of radon were
performed twice regarding the samples as drinking water and a daily consumption of
2 l per person. First assuming a conversion factor of 4]10~7 Sv/Bq, (Oliveira et al.,
1995; Jacomino et al., 1996) we calculated an upper estimate for the real dose (dose

1
),

and than repeated the calculation using the commoner UNSCEAR (1993) recommen-
ded conversion factor of 10~8 Sv/Bq (dose

2
) as a lower estimate. The results are

shown in Table 2. Radium concentrations were estimated for two water samples with
the highest concentration at El Castan8 o but both values were found below the lower
limit of detection. The upper limits of the radium concentrations corresponding to the
sample containing 582 and 383 Bq/l radon were 160 and 110 mBq/l, respectively.
These data show that the ratio of the concentrations of 222Rn to 226Ra is more than
a thousand as in several other thermal waters.

We also present dose values in the case of people who frequently take treatments
from the inhalation pipe in Las Trincheras. The conversion factor in this case was
assumed to be 25 (lSv/yr)/(Bq/m3). So, a half-hour exposure during a ten-day period
corresponds to an additional e!ective dose of 0.7 mSv/treatment.

4. Discussion and conclusion

The thermal waters of the monitored sites show an average radon concentration (in
units of Bq/l) as follows: El Castan8 o (360), Las Trincheras (15), Mariara (7), San Juan
de los Morros (1.0) and San Casimiro ((1). The "rst three springs are of high

A!. Horva& th et al. / J. Environ. Radioactivity 47 (2000) 127}133 131



temperature and discharge from granite rocks and therefore have higher contents of
uranium, while the last two belong to warm springs from vulcanic rocks that have low
uranium contents. This shows a geologically controlled concentration trend. On the
other hand, the very high radon concentration measured at El Castan8 o site should be
considered to be anomalous and requires further scrutiny.

We selected two sites with highest activities to make the "rst estimates of the
correlation between radon concentration in the thermal water and in the surrounding
soil. We expected to "nd that at the site with anomalously high radon activity (El
Castan8 o) the soil radon concentration (at 75 cm depth) would be higher than at the
other examined sites. However, we found lower values than that of the least active site
(Las Trincheras), although the general geological characteristics are very similar.
Therefore other features must play an important role in the correlation between the
water and the soil radon activity. This suggests that the hardness or the di!usion
coe$cient should also be taken into consideration.
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