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Introduction 
Radon (Rn) is a naturally occurring radioactive gas produced by the decay of uranium. Uranium (U) 

occurs naturally most rocks and natural waters, and it is the isotope 238U that decays through a series of 
daughter elements to Rn III. There are twenty known isotopes of Rn. The most stable isotope is 222Rn 
which is a decay product (daughter isotope) of 226Ra with half-life of 3.823 days and emits radioactive 
alpha particles. 220Rn is a natural product of thorium(Th), is called thoron, and his half-life is 55.6 seconds. 
219Rn is derived from actinium(Ac), is called actinon, and his half-life is 3.96 seconds 111. 

Radon is the heaviest noble gas and one of the heaviest gases at room temperature. At standard 
temperature and pressure it is a odourless, tasteless and colourless gas but when it is cooled below its 
freezing-point is has a brilliant phosphorescence which turns yellow as the temperature is lowered and 
orange red as the temperature air liquefies /3/. 

The primary routes of potential human exposure to radon are inhalation and ingestion. Rn in the 
ground, groundwater, or bilding materials enters working and living spaces and disintegrates into its decay 
products /4/. 

Caves are notorious for having elevated radon levels. In cave air was first looked at in the 1970s and 
the National Park Service and various States started limiting time underground for tour guides 151. Rn 
availability is related mainly to the concentration in the spaces in rock fractures and soil pores and to the 
permeability of the ground to gases. All rocks contain some uranium, although most contain just a small 
amount. There are rock types granites, some gneisses, dark shales, light-coloured volcanic rocks, 
sedimentary rocks containing phosphate and metamorphic rocks, and some recrystallized limestones and 
dolomites 161. Radon is continually seeping from the rock. In the outdoors, air currents, reducing its 
concentration quickly dissipate radon. Caves, on the other hand, will not generally have the same level of 
airflow and so Rn levels can become concentrated 111. 

Measurments of soil gas radon over a one-year period show a large seasonal variation. The Rn 
concentrations reach values of 1500 to 4000 pCi/L in summer at depths of a meter or more. Winter values 
are only 1/3 to 1/10 of the summertime high values /8/. During the summer, the direction of airflow 
reverses and the volume of air leaving the cave is much smaller than during the winter months. Surface air 
is almost always drier than cave air-only during the summer months when rain occurs does outside air 
contain more moisture. Howeover, the rate of air exchange is greatly reduced during the summer, which 
minimizes any potential effect of increased outside moisture 191. 

The risks associated with recreational and professional cavers visiting a cave with radon on the order 
of 7000 Bq.m"3 are as follows: Recreational caver - based on 50 hours per year caving, estimated annual 
radiation dose = 1600 microSievert per year, lifetime risk of premature death from lung cancer = 1 in 
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12500; Professional caver - based on 600 hours per year caving, estimated annual radiation dose = 20,000 
microSievert per year, lifetime risk of premature death from lung cancer = 1 in 1000 111. 

Radon's primary hazard is caused from inhalation of the gas and its highly radioactive heavy 
metallic decay products(polonium, lead, and bismuth) which tend to collect on dust in the air. The 
problem arises when these elements stick to the delicate cells lining the passageways leading into the 
lungs. Charged radon particles can easily bind to available surfaces, including walls, floors, clothing, and 
aerolized particles such as dust and other particulates. Once bound to aerosolized particles, the charged 
progeny can easily be transported throughout the environment via wind action, and more importantly, can 
be inhaled by respiring. The radon progeny can be inhaled either as free particles or particles that are 
attached to dust. Because they are ionized, the progeny preferentially attach to the respiratory epithelium, 
particularly the bronchi, the site of most lung cancers. Most of the radon gas inhaled will be exhaled (due 
to the relatively long half-life of radon gas) before it can decay and deposit a significant radiation dose to 
the lung tissue /10/. 

Radon is the second leading cause of lung cancer and a serious public health concern. The primary 
adverse health effect associated with chronic exposure to radon is lung cancer. 

Radon also has the potential to generate genotoxic effects - higher incidence of chromosomal 
aberrations and has been linked with teratogenic effects /ll/. 

Most of the epithelial cellular damage is not from radon gas itself, but from radon's short-lived 
decay products. The products may be deposites in the airways of the lung and subsequently emit alpha 
particles as they decay further. The total amount of energy emitted by the progeny is several hundred 
times that produced in the initial decay of radon. The increased risk of lung cancer from radon primarily 
results from these alpha particles irradiating lung tissues. When an alpha particle passes through a cell 
nucleus, DNA is likely to be damaged. More specifically, available data indicates, that alpha particle 
penetration of the cell nucleus may cause genomic changes typically in the form of point mutations and 
transformations. Since alpha particles are more massive and more highly changed then other types of 
ionizing radiation, they are more damaging to the living tissue. Alpha radiation travels only extremely 
short distances in the body. Thus, alpha radiation from decay of radon progeny in the lungs cannot reach 
cells in any other organs, so it is likely that lung cancer is the only major and likely cancer hazard posed 
by radon. Since alpha particles travel short distances and are slow compared to beta and gamma particles, 
their efficiency in transferring energy and affecting genomic change is very high. Once deposited, this 
energy causes DNA alterations, cell cycle stress, and occasional cell death /12/. 

The aim of work was genotoxic risk assessment of the Slovak show cave workers employed by 
the Slovak Caves Administration in Liptovsky Mikulas. They are guides or administrators of the four 
Slovak show caves: Vazecka, Demanovska, Bystrianska, and Harmanecka. 

Material and methods 
We evaluated the aberrant cells (Ab.c) occurrence by means of cytogenetic analysis of peripheral blood 
lymphocytes in four groups of workers and also a control group for assessment of genotoxic risk. This 
method is established on short time cultivation (48-52 hours) and cytogenetic analysis of cells. The cells 
with chromatid or chromosome break as well as chromatid or chromosome exchange are aberrant cells 
(Ab.c). The number of Ab.c. from 2.0 % to 4.0 % create increased exposition and more than 4.0 % form 
high exposition to genotoxic agents /13/. The data concerning the numbers of Ab.c. were evaluated by 
Student's t-test. 

Results 
We examined 51 workers exposed to radon, with average age 35.64 years ± 6.63 (SD) and average 

exposition time 9.78 years ± 6.27 (SD). They are 43 men (i.e. 84.31 %) and 9 women (i.e. 15.69 %). The 
control group consisted of 32 healthy workers from Faculty Hospital in Martin. The workers were not 
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exposed to any genotoxic agents. The average age is 31.84 years ± 5.84(SD). From every subject we 
evaluated 100 mitosis, i.e. 5100 mitosis from exposed workers and 3200 mitosis from control subjects. In 
exposed group we found in 111 cells chromosomal aberrations, this present 2.18 % Ab.c. ± 0.19 (SEM), 
and in control group 1.53 % ± 0.16(SEM). There are 106 breaks (95.50%), and 5 exchanges (4.50%) on 
chromosomes. The highest number of Ab.c. we detected in workers of Vazecka (2.63 % Ab.c) and 
Bystrianska (2.00 % Ab.c.) caves. There is a significant increase (P < 0.05) in the mean number of Ab.c. 
in workers of cave Vazecka as compared to control. In 15 cases ( i.e. 28.30 %) we found increase or high 
exposure to genotoxic agents, we found any difference between sex, and any dependence of the number of 
Ab.c. on age and time of exposure. 

The Vazecka cave workers showed three times higher mean effective doses all the year round 
(milliSievert) than workers additional caves. 

Discussion 
Radon is one of the heaviest gases, it can cumulate in underground areas, if they are not 

sufficiently ventilated, i.e. mining shafts, tunnels, but also caves. Radon availability is related mainly to 
the concentration in the spaces in rock fractures and soil pores and to the permeability of the ground to 
gases 16,11. The measured values of radiation in the caves and mines exceeded the permissible limits and 
Regional Hygienist of the Central Slovakia declared in 1981 the risk zones and, at the same time, the 
monitoring of working atmosphere was iniciated. Our evaluations referred to certain exposition of this 
carcinogen in cave workers too. The essence of prevention is based in the lowering of ionizing radiation 
and improvement of the sanitary-technical component of prevention. The guides, or administrators in 
Slovak caves need due medical care. 
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