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INTRODUCTION

The naturally occuring radiocactive gas Radon-222 is formed
by the decay of Radium~-226, which is present at low activities in
most soils (about 20-30 Bg/Kg), with the exception of uraniferous
denosits, where the concentration is much higher (UNSCEAR 1984).
Radon usually enters the atmosphere by diffusion out of the soil,
but its inhalation may have a transport component attributed to
falling atmosphere pressure, which might occur either outdoors or
indoors. Indoors concentrations are higher than outdoors. The main
source of radon in houses appears to be the soil. Quantitavely,
radon is the most significant source of collective dose to the
earth's population (UNSCEAR 1982). At the same time it is a con-
trollable natural source, unlike other natural sources, as e.g.
potassium-40 which is under homeostatic control in the human body
and its isotopic composition is constant.

For the above reasons, extensive surveys of radon concentra-
tion in spas, mines, caves and most important, in dwellings, have
been carried out in many countries (Wrixon et al 1984, Swedjemark
and Mjokes 1984, Letourneau et al 1984, Schmier and Wicke 1985,
Green et al 1985, McAuley and McLaughlin 1985). A possible asso-
ciation between lung cancer and geological outcrop has been postu-
lated (Fleischer 1986). In almost all the studies, a small percen-
tage of dwellings were found to have a very high radon concentra-
tion.

Studies of radon concentration in greek spas (Danali et al
1986), in a cave (Papastefanou et al 1986), in constituents of the
greek cement (Maraziotis 1985), in building materials in Greece
(Siotis and Wrixon 1984, Papastefanou et al 1984) and in greek
mines (Georgiou et al 1986) have been published. Some preliminary
studies of radon concentration in greek dwellings have been pub-
lished (Papastefanou er al 1984, Proukakis et al 1987).

MATERIALS AND METHODS

In order to get an idea of the problem in Greece we decided
to carry out a national survey. Two different sites were selected:
Athens, where domicile about 40% of the greek population and Doma-
tia, a small village in northern Greece 600 Km from Athens, located
in an area known to have soil with increased uranium concentration.
Also, another series of measurements were carried out in ancient
(5th century B.C.) and contemporary silver mines in Laurium, a
town 50 Km south of Athens. It is from these mines that the ancient
town of Athens was exploiting the silver. About 1000 ancient mi-
ning shafts and tunnels have been preserved until now. Some of
them were extended last century and used until 1963.

Passive detectors measuring intergrated alpha sxposure from
radon (Track etch, Terradex Co.) were used for our measurements.
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In Laurium mines, 30 spots were selected, comparable in terms of
deoth and geological setting, divided in 3 groups (ancient,
contemporary sites and modern tunnels pathed along ancient ones).
Ventilation data for these spots were available. In Athens, modern
apartments of the same economical and social level have been
chosen. The detectors were installed in first floor apartments of
building blocks most of which have been built in the seventies. We
have chosen first floor apartments because the propability to find
increased radon concentration was greater there than in higher
levels of the same building, provided that the ventilation remains
the same. S0, the values that we measured ought to be the maximum
for the given building under identical ventilation conditions. In
Domatia, the houses are built in a traditional way, that is from
local stones. In all houses, the detectors were installed in
bedrooms, where people spend aproximately one third of their
lifetime, for a period of six months (Spring - Summer - Autumn).
During this hot period of the year, house's ventilation is high
since people leave windows open.

RESULTS

Twelve of the dosimeters installed in Laurium have been lost
(16% missing). The results of the measurements in the remaining
are shown in Tables 1,2 and 3 for Laurium, Athens and Domatia res-
pectively. Mean values (fSE) expressed in Bg/m3 were: for Laurium
.2828.4 * 799, for Athens 24.0 t 3.5 and for Domatia 135.7 % 26.2
with ranges 8 ~ 10095.2 Bg/m3, 3 - 136.2 Bgq/m3 and 7.4 - 492.1
Ba/m3 respectively.

Table 1

Radon Concentration in Ancient and Contempbrary
Greek Silver Mines (Laurium, Attiki)

Snot Ba/m3 Spot Bq/m3
1 780.6 10 7186.7
2 222.6 11 8508.7
3 6922.2 12 4342.2
4 96.9 13 4927 .1
5 10095.2 14 305.1
6 406.4 15 110.2
7 342.9 16 238.1
8 717.1 17 28.6
9 5672.3 18 8.0

DISCUSSION

The large differences of radon concentration found among the
different shafts in Laurium are probably due to differences in
ventilation, as there is a strong negative correlation (r= -0.98)
between air flow and radiation exposure of the dosimeters. It is
concluded that in ancient tunnels, due to their ventilation net-
work still owerating after 2500 years. radiation exposure is main-
tained in comparable levels with that of contemporary mines.
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Table 2

Radon Concentration in Athenian Dwellings
Bq/m3

Svot Bq/m3

1 33.3
2 14.8
3 1.1
4 18.5
5 88.8
6 25.9
7 55.5
8 62.9
9 70.3
10 33.3
1 44 .4
12 7.4
13 18.5
14 14.8
15 22.2
16 7.4
17 7.4
18 48 .1
19 14.8
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Spot Bq/m3

39 9.3
40 12.2
41 9.6
42 12.6
43 15.9
44 16.7
45 69.9
46 136.2
47 82.6
48 9.3
49 30.0
50 35.5
51 7.4
52 6.6
53 10.4
54 9.3
55 17.4

Radon Concentration in Dwellings in
the village Domatia (Macedonia)

Spot

COOJOU W=

Bq/m3

88.8
492 .1
111.0

37.0
318.2
144.3

85.1
162.8

48.1

Spot Bq/m3
10 7.4
11 162.8
12 122.1
13 122.1
14 129.5
15 22.2
16 66.6
17 136.9
18 185.0

In all but one (No.46) cases from measurements held in
Athens, radon levels were lower than those reported in other
countries (Gessel 1983, Schmier and Wicke 1985), a finding par-
tially explained from the high ventilation during the time of
measurements. Our values were 3 fold higher than the annual ave-
rage of the nopulation -~ weighted radon concentration in outdoor
air (UNSCEAR 1984). Our results are in agreement with those of
Proukakis et al (1987). Papastefanou et al
measurements performed by solid-state nuclear track detectors in
15 dwellings made of bricks and concrete located in northern

Greece and a mean concentration of 148 Ba/m

104-381 Bg/m3 was reported.
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(1984), reported radon

with a range between



As far as Domatia measurements are concerned, our results
clearly indicate that there is a large difference between Athens
and Domatia and that in Domatia there are some dwellings exceeding
the action level for remedial action of EPA (Hanson 1987) and of
the Nordic countries (Nordic countries 1986).

Our future plans include survevs of other areas in Greece
and studies correlating the indoor radon concentration with the
uranium concentration of the soil around the house.
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