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INTRODUCTION

A number of previous studies have demonstrated that lichens are suitable and inexpensive biological
detectors of the local fallout pattern (ECKL et al. 1984, HOFMANN et-al. 1993, BERG et al. 1992).
Lichens are usually highly contaminated and their contamination correlates well with the soil deposition
data. One of their major advantages is that samples can easily be collected from quite large areas, thereby
getting an average contamination of this area. Especially in mountain ecosystems, lichens could gain great
importance as biomonitors, because many lichens grow in this area and, moreover, the collection of soil
samples may be very difficult in these elevated regions. On the other hand, particularly in mountainous
regions, the deposited radionuclide activities may vary considerably from site to site due to specific local
meteorological conditions, which may also affect the growth of lichens and their uptake of radionuclides.
Thus the goal of this study was to find out, whether lichens are still suitable biological detectors of the local
radioactive contamination pattern several years after the initial deposition event.

MATERIAL AND METHODS

In this study, soil and lichen samples were collected from the Stubnerkogel in the Gastein valley, in the
south of the province of Salzburg, Austria. The samples were taken in the summer of 1993 from 10
locations situated between the peak (2240m above sea level) and the timberline (about 1800m above sea
level) of the Stubnerkogel.

While at most of the locations three soil samples were taken, the number of lichen samples per location
depended on the amount of lichens available and varied between 1 and 4. Since Cetraria islandica,
Cetraria cucullata, Cladonia arbuscula, Cladonia rangiferina and Alectoria ochroleuca were the most
common species in the examined area, mainly samples of these species were collected.
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Fig. 1: Mean values with standard deviation and some single values, respectively, of the specific 137Cs activity
in Cetraria islandica at different sampling locations.
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Each liehen sample had a dry weight of about 2-10 g. The soil samples had the shape of a zylinder with a
diameter of 8 cm and a hight of 10 cm. Basically the whole l37Cs activity was found in the top 10 cm soil
layer; hence the taken samples allowed us to determine the area contamination of the 10 locations.

All samples were dried at a temperature of 105° C for 24 h and then homogenized. They were measured
with a high purity germanium detector from EG&G Ortec (relative efficiency: 20 %). The measuring time
was at least 20.000sec, resulting in an overall statistical uncertainty of the I37Cs activity (1 standard
deviation) of about 10 % for most of the soil and lichen samples.
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Fíg. 2: Mean values with standard deviation and some single values, respectively, of the I37Cs area
contamination at different sampling locations.
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Fig. 3: Specific I37Cs activities (Bq per kg dry weight) of 5 different lichen species at 3 small sampling areas.

PORTOROŽ 95 221



SESSION III PROCEEDINGS

RESULTS

The measured lichen samples had 137Cs activities between 400 and 5000 Bq per kg dry weight. Figure 1
shows the 137Cs contamination of Cetraria islandica, which is the most common species in this area. In
comparison to the lichen samples, the I37Cs contamination of the soil was much more homogeneous (see
Figure 2). For all locations the calculated 137Cs concentration per unit surface area was between 20 and 40
kBq/m2.

One sampling location allowed the collection of different lichen species from 3 very restricted areas. Each
area had the size of about 0.5 m2 and samples from 5 lichen species were collected from each of these areas.
As Figure 3 shows, quite significant differences exist in the 137Cs contamination between the various
species. All three samples of Cetraria islandica were significantly higher contaminated than the
corresponding Cetraria cucullata samples. Cetraria cucullata on the other hand contained about two times
more 137Cs per kg dry weight than Alectoria ochroleuca. The two Cladonia species are closely related to
each other; consequently they show very similar contamination levels.

DISCUSSION

The results of this survey show that because of their long life expectancy lichens can be used as
biomonitors for a radioactive contamination which happened a few years ago. Cetraria islandica, Cladonia
arbuscula and Cladonia rangiferina had the highest contamination levels. These three species are very
common in alpine regions and thus seem to be especially suitable as biomonitors of the radioactive fallout.

In this study, the soil contamination, i. e. the t37Cs activity per unit surface area, did not show significant
differences between the various sampling locations. On the other hand the activities per unit lichen dry
weight differed significantly between some of the locations. This discrepancy can partly be caused by
different growth rates of the lichens, which may lead to different dilutions of the specific activities. GAARE
(1987) concluded that differences in the radiocesium content of lichens can also be due to a different
moisture content at the time when the fallout occurred: "A dry sponge may absorb more water and
contamination than a wet one. And lichens work very much like sponges in this respect." It also has to be
considered that lichens were not only contaminated directly by the Chernobyl fallout, but they may also
have absorbed radionuclides from the soil after the initial exposure. Depending on the amount of contact
they had with the soil, this may also alter the initial lichen contamination to some extent.

The results of our study suggest that lichens can be used as retrospective biomonitors of the radioactive
contamination even a few years after the fallout event. However, the initial contamination pattern of lichens
may be modified by several factors in the years following the radioactive fallout. Hence, only lichens from
sites with similar growth conditions should be considered.
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