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ABSTRACT

We have measured radon exposures and estimated effective doses from inhaled radon and its decay products
(according to the proposals of the ICRP65) for different groups visiting Hungarian karstic caves. We have
found highest doses are received by staff members of therapeutic treatments, tour guides in some caves and
by the most active cavers.

INTRODUCTION

People visit caves for different purposes, however, they all do it in hope of gaining some sort of benefit of
it. At the same time they are taking also risks, one of them (probably not the highest) is due to inhalation
of short-lived radon daughter particles. Higher doses of inhaled radon daughters are known to be causative
factor in inducing fatal lung cancer in miners (ICRP-47). Smaller doses are still under extensive
investigation, there is, however, growing evidence, that elevated indoor radon levels (>400 Bqm"3) can
induce excess lung cancer mortality rate (Pershagen et al. 1994). Risk is assumed to be proportional to
radon exposure (or more precisely to equilibrium equivalent radon (EER) exposure or in other words to
potential alpha energy (PAE) exposure), which is the integral of radon concentration (of EERC or of
PAEC) to which a person is exposed over a given time period. Typical radon levels in caves are between
1 an 10 kBqm"3, about 100 times higher than typical levels in homes. People, however, usually do not spend
to much time in caves since stone age. Most people do not go to cave at all, so no risk for them (neither
benefit, however). Most people, who go to caves, do it occasionally as a tourist. They spend there very short
time, may be a few hours in a year. Their effective doses from inhalation of radon daughters in caves are
negligible comparing to annual effective doses they receive from other natural sources (including indoor
radon). Other groups of cave visiting people, however, usually spend longer periods in caves, therefore,
are exposed to higher radon doses. These groups include cavers, tour guides and other staff members. Some
caves are used for therapeutic treatment of patients, suffering from asthma. These patients and the staff
members of the therapy are also concerned taking higher risk than tourists. These groups benefit very
different ways and probably very different amount from visiting the caves. When making decision on
visiting the cave risk/benefit should be balanced. This paper does not deal with such a balancing. We give
here, however, estimates of risk of fatal lung cancer due to inhalation of short live radon daughters in cave
air for different groups visiting some Hungarian caves.

EXPERIMENTAL METHODS

We have measured radon activity exposures in caves using track etch and semiconductor based radon
monitors. The track etch technique is usually used to measure spatial distribution of radon in a given cave.
It is also used to measure long term temporal variation. Usually 3-20 measuring sites were established in
each cave investigated, spaced equidistantly mostly in the main passage of the caves. The track etch
detectors were changed approximately in every 30 days over at least a 3-4 year period. As track detector,
earlier we used LR-115-11 (Kodak-Pathe), recently we use CR-39 (TASTRAK). LR-115 is used in an
inverted open diffusion cup, 12 cm in height and 7 cm in diameter. CR-39 is used in a personal radon
dosimeter (called Radamon) developed at the Institute of Nuclear Research. The cup and Radamon track
etch radon monitors both have been calibrated in different radon chambers. The relative error of radon
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measurements in caves with track etch monitors is usually found to be less than 25% at 95% confidence
level.

Since 1991 we started to use Dataqua type "real time" radon monitors. The Dataqua radon monitor is based
on a semiconductor (Hamamatshu photodiode or PIPS) detector. It has been developed at the Dataqua Ltd.
(Balatonalmádi, Hungary) with the contribution of the Mecsek Ore Mining Ltd. and the Institute of Nuclear
Research. The sensitivity of Dataqua allows to measure radon activity concentration >300 Bqm 3 at 1 hour
time resolution. We use Dataqua to measure fast (diurnal, daily) temporal variation of radon at
characteristic sites. Some of our Dataqua instruments are also equipped with air temperature, pressure,
relative humidity and water level measuring capabilities to study interrelationships between these
parameters.

EFFECTIVE DOSE ESTIMATION

To calculate the effective dose due to inhaled short-lived radon daughters, we used our radon measurements
and detailed records of people who have visited the caves. First we calculated radon exposures using
Dataqua radon records. If Dataqua radon records were not available at a given site or time period the
nearest track etch radon record was used. To obtain equilibrium equivalent radon exposure we used
equilibrium factor of F=0.4 between radon and its short-lived daughters. This value was chosen because
of the findings on equilibrium factor in Postojna cave measured by Butterweck et al. (1992) and Jovanovič
et al. (1992) and in Royal Cave (Australia) measured by Solomon et al. (1992). These authors also found
unattached fraction of daughters to be relatively high (f=0.1) when comparing it to mine or indoor
atmospheres (f=0.01), leading 1.4-2.5 times higher effective doses in caves. This effect was not considered
in our estimation of effective dose. We used conversion factor between potential alpha energy exposure
and effective dose as given in ICRP-65 for members of the public (1 mJm~3h is equivalent to an effective
dose of 1.10 mSv). The detriment per unit effective dose is 7.3-10"5 per mSv for the general public (ICRP-
60). The principal detriment due to the inhalation of radon and its progeny is that associated with the fatal
lung cancer.

RESULTS

Since 1978 we have performed radon measurements in more than 25 Hungarian karstic caves. Main outline
of these measurements is given in Hakl et al. (1992). As most remarkable result, seasonal variation of radon
in horizontal caves is observed, which is explained by chimney effect in Géczy et al. (1989). Figure 1 shows
an example of measured radon time series in the Szent István cave (Miskolc, Hungary).

Currently we are continuously monitoring radon in more than 15 caves, including all five caves, where
therapeutic treatment of asthma patients is going on. Earlier we have reported effective doses of patients
received in the Szemlö-hegy cave between 1990-1992 and estimated according to ICRP-50 (Hunyadi et al.
1995). These data now are revised according to ICRP-65 dose estimation. In the case of the other four
therapeutic caves effective doses of patients are determined for 1994. Some caves open to tourists are also
monitored. In the case of the best known of these (Baradla cave), we have estimated doses of tour guides
between 1990-1994. Summary of results is presented in Table I.

Annual effective dose, mSv

Cave name

Abaliget
Béke
Szemlö-hegy*
Szent István
Tapolca
Baradla

Period

1994
1994 summer
1990-1992
1994
1994
1990-1994

Sample
size

127 patients
56 patients

229 patients
360 patients
481 patients

12 tour guides

*In the case of Szemlö-hegy cave cumulative effective doses
Table I: Summary
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of results.

Mean (Range)

0.54 (0.03-1.26)
1.91 (1.86-1.97)
0.85 (0.10-5.00)
0.06 (0.01-0.17)
0.87 (0.04-2.19)
2.66 (0.12-5.55)

over 1990-1992 are

Geometric mean
(Geometric STD)

0.40 (0.77)
1.91 (0.02)
0.62 (0.76)
0.04 (0.88)
0.45 (1.32)
2.13 (0.80)

given in mSv.
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Fig. 1: Temporal variation of radon activity concentration at the therapeutic part of the Szent István cave
(Miskolc, Hungary).

Based on their internal working time reports, annual effective doses for staff members of therapy are about
0.4 mSv in Abaliget cave, 0.12 mS v in Szent István cave, 6 mSv in Béke cave. Tour guides in Abaliget cave
receive about 12 mSv annualy.

Cavers and researchers visit caves for very different reasons. Some of them go to the same cave regularly,
others visit as many different caves as they can. Most active cavers may spend in caves up to a few hundred
of hours annually, therefore they may be exposed to higher doses. Using a personal radon dosimeter, one
of the authors (J. Hakl) has measured his own annual effective dose while working in different caves, and
found it was higher than 30 mSv in 1992.

CONCLUSIONS

1. All caves should be tested against radon at least for a one year period before opening to public or
therapeutic treatment or used frequently by the same group of people.

2. Action should be taken to ensure risk/benefit is properly balanced for all cave visitors.
3. People at higher risks should be informed. Their annual effective doses should be limited rather than

time annually allowed to spend in caves.
4. Personal radon dosimetry is highly recommended for the most active cavers.
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