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ABSTRACT

In 1992 a national biomonitoring programme was initiated covering the whole territory of Slovenia to measure
the levels of some natural (2WPb, 40K, U, Th) and artificial (l37Cs, 134Cs) radionuclides in the epiphytic lichen
Hypogymnia physodes L. (Nyl.) in order to obtain information on their levels in the environment.
210Pb, ^K, m-'37Cs were determined by direct counting of dry samples using gamma spectrometry, while U and
Th were determined by the k0-standardisation method of instrumental neutron activation analysis (INAA).

The results are presented as geographical isocontours of radionuclide activity on a national scale.

INTRODUCTION

Lichens were early demonstrated to retain appreciable amounts of various radionuclides which are
deposited from the air. Their remarkable accumulative capacity for pollutants is based on their intrinsic
biology as they lack roots and protective organs, such as stomata and cuticle, against the substances derived
from the atmosphere. The uptake of fallout by lichen is rapid and non-selective, also allowing the
immediate determination of short-lived isotopes(1). Investigations using lichens to obtain information about
the levels of the long-lived natural (210Pb) and anthropogenic ( l 3 7Cs, w Sr,2 3 9 Pu) radionuclides in the
environment were very extensive in subarctic ecosystems since the 1960s when atmospheric nuclear bomb
testing was common, and where fallout contributed significantly to the radiation burden of people living
on reindeer meet as a result of the lichen-reindeer-man food chain(2). Studies using lichens as biomonitors
for radionuclide contamination were expanded again in many countries in Europe and also in Canada after
the Chernobyl accident in 1986(3"7).

The objectives of the present paper are to present the results of our biomonitoring programme using the
epiphytic lichen Hypogymnia physodes, and to demonstrate the applicability of lichens for monitoring the
deposition of natural and anthropogenic radionuclides to obtain information about natural radioactivity in
Slovenia and also about the degree of radioactive pollution occurring after the Chernobyl accident.

MATERIALS AND METHODS

Sampling
Hypogymnia physodes L.(Nyl.), an epiphytic lichen, was collected in the period from September to
November 1992 at a regular 16 x 16 km bioindication grid covering the whole territory of Slovenia. The
sampling sites were located on open habitats or in forest glades, at least 300 m away from main roads and
at least 100-200 m away from any road or dwelling. Each individual sample was composed of several
healthy lichen thalii of different sizes which were taken from the same tree and likewise from 3-5 nearby
trees. The sampling positions were 1.5 - 2 m above ground, and where possible the lichen material was
taken from all around the tree to reduce the influence of relative source position.

Sample preparation
In the laboratory lichens were not washed, but only moistened with distilled water to allow the adhering
bark particles to be easily removed from the lichen. The lichens were dried at 30° C to constant weight. Dry
samples were embrittled by immersion in liquid nitrogen and then crushed and ground in a zirconia mortar
with a ZrO2 ball in a Fritch vibration micro-pulverizer.
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Sample analysis
For direct gamma spectrometry of natural (2l0Pb, 40K) and artificial (134>137Cs) radionuclides 2 - 5 grams of
dry, powdered lichen material were weighed into 10 ml plastic containers. A Ge well-type detector with
the active volume of 230 cm3 and the resolution 2.5 keV at the 1332 y line of ^Co, connected to a Canberra
80 series multichannel analyser was used for analysis. The counting time of each sample varied between
1 2 - 3 0 hours in order to achieve a statistical counting error of below 10 - 15 % for the lowest
accumulated photopeak. The 210Pb activity was measured at 46.5 kev, the 40K activity at 1460.8 keV.
137Cs was determined from the peak area at 661 keV, but the activity of 134Cs was measured at 604.4 and
795.8 keV and calculated as a weighted mean of both peaks. The activity of both caesium isotopes was
corrected for physical decay (T1/2(

134Cs) = 2.1 y; T1/2(
137Cs) = 30 y) and expressed as activity in Bq g"1 on

2ndMay, 1986.

For efficiency calibration of the Ge well-type detector for the gamma rays associated with each of the
radionuclides, different calibration standards were used as follows: a) IAEA -152 Milk powder for ""K, and
134' 137Cs, b) a 210Pb standard prepared from a normal grade Whatman cellulose powder as matrix and spiked
as a slurry with a known solution of 5.8 Bq 210Pb g"1. The density of all standards and their geometry was
equivalent to that for lichens.

The U and Th content was determined using kg-INAA(8'9). Pressed lichen tablets were irradiated together
with an Al- 0.1 % Au alloy wire and a Zr foil, serving as comparator and fluence monitor, respectively, for
20 hours in the TRIGA Mark II reactor of the J. Stefan Institute, at a thermal neutron fluence rate of 1.1
x 1016 m2 š' . Gamma spectrometric measurements were carried out with calibrated HPGe detectors
connected to a Canberra 90 multichannel analyser(9ll0).

RESULTS AND DISCUSSION

Table 1 summarises the results for 210Pb, 40K, U, Th and 134J37Cs in Hypogymnia physodes expressed as
maximum, minimum and average levels and their standard deviation as obtained from analysis of 85
samples from the 16 x 16 km bioindication grid of Slovenia. In the last column of the table the coefficient
of variation is presented.

Radionuclide

210pb

4 0 K

I34Cs
137Cs

U

Th

N

85

85

85

85

86

86

min

57

65

107

225

0.04

0.11

max

1898

292

5700

10554

0.31

0.82

mean

594

145

865

1746

0.12

0.29

std

413

44

837

1599

0.06

0.15

CV (%)

69.5

30.3

96.8

91.6

47.4

52.1

CV coefficient of variance (%).

Table 1: Levels of 210Pb, 40K, 134Cs, 137Cs (mBq g 1 dry weight) and U, Th (ug g1) in H. physodes, collected
in 1992 from regular grid of Slovenia.

Each of the radionuclides analysed has its own geographical distribution pattern as a consequence of its
origin (Fig. 1). 210Pb is a long lived radionuclide produced in the atmosphere by radioactive decay of its
gaseous parent 222Rn. 40K, U and Th are natural radionuclides contained in the lithosphere, butl37+134 Cs
were released to the atmosphere during the Chernobyl accident and in earlier atmospheric nuclear tests.

As can be seen from Table 1, the activity level of 40K, expressed in m B q g is the lowest among
radionuclides analysed (the range between 65 - 290 mBq g"1), and in agreement with literature values for
different lichen species collected in Austria(ll>. Its low coefficient of variance suggest that there is no great
difference in "^K levels in lichens collected at different locations; however, somewhat elevated levels were
found in NW and W parts and at some locations in the east of Slovenia.

PORTOROŽ 95 260



SESSION III PROCEEDINGS

a)

Pb-210

Fig.l: The geographical activity patterens of a) 210Pb and b) 137Cs, obtained from lichen data, divided into 7
classes according to percentile values (10, 30, 50, 70, 90, 95 %) and mapped using the Surfer
programme.

The mean value of 2 1 0Pb was about 600 mBq g"1 and comparable with some literature valueá1 '1 2 1 5 ). The
highest activity levels up to 1900 mBq g'! (Fig. la) were found in lichens collected in the southern, Dinaric
region and in the NW parts of Slovenia. Elevated levels in the Dinaric region coincides with naturally
elevated levels of uranium (precursor of 2 l 0Pb) in soil(16) and with the structure of the terrain (caves and
other karst formations). The high concentration of 210Pb in lichens in the NW part coincides with the regions
of Slovenia receiving the highest amounts of precipitation. Therefore the explanation for elevated levels
of 2 l 0Pb in NW parts could be that its patterns in this region reflect the movement of global air masses and
increased washout or rainout of this radionuclide from the atmosphere.

The U and Th levels in lichens were low, as expected, with a mean value of 0.12 and 0.29 ug g"1,
respectively. Both radionuclides are soil or crust derived and are distributed in the atmosphere by
resuspension of soil particles. They are than delivered to the lichens as wet or dry deposition. This is
confirmed by the geographical distributions of these two radionuclides in lichens, which are very similar
to the distribution of these radionuclides in soil(16).

The highest activity of both Cs-isotopes were found in samples from the north and north-west parts of
Slovenia (Fig.lž»), which are known to have received the highest amounts of precipitation during the period
following the Chernobyl accident. The lichen 137Cs map is also in agreement with the results of the model
prediction of ground contamination by 137>134Cs which was constructed using precipitation data in the period
between April, 30 and May, 9 for 300 locations all over Slovenia, and the results of radioactivity in
precipitation at the sampling point in Ljubljana(17).
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