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The aim of the work described here was to investigate the existence of evaporable 137Cs- 
containing compound(s) in lichen and to suggest a possible way of dealing with a 
phenomenon during lichen exploitation. A sample of lichen, Cetraria zsfandicu, was 
submitted to aqueous extraction and the extract was monitored to be '37Cs-radioactive. 
It was heated according to the experimental schedule and the resulting vapour passed 
over a layer of activated charcoal. By measuring the decrease in the radioactivity content 
of the lichen extract after heating and the radioactivity of the adsorbent it was found that 
a significant amount of the extracted I3'Cs could be evaporated and bound to the 
charcoal adsorbent (40.6%). If not captured, this radiocaesium may lead to air pollution, 
especially of immediate breathing space. 

Keywords: '37Caesium; lichen; evaporation; adsorption; activated charcoal 

INTRODUCTION 

Lichens are known to be natural collectors of artificially produced 
pollutants (Grass et al., 1994; Coppins and van den Boom, 1995; Ford 
et al., 1995), and as such are recognized as reliable monitors of the 
extent of environmental pollution (Caniglia et al., 1994; Brakenhielm 
and Qinghong, 1995; Sloof, 1995). They are used as a source of natural 
products in nutritional and pharmaceutical industry and the presence 
of hazardous compounds could present human health concerns to 
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those processing or using the product. Cladonia, Usnea and Cetruriu 
lichens are recognized to have antibiotic and laxative features. Usnic 
acid (from Usnea barbatu) is incorporated into pharmaceutical 
products used for the treatment of external inflammatory processes 
and surface injuries. Aqueous extract of Cetraria islandica, due to its 
high content of mucous substances, established itself as an expectorant 
in treating cough, bronchitis and asthma. Aromatic compounds of 
Evernia prunustri and Pseudoeverniu furfuracea are incorporated in 
soaps, perfumes and after-shave lotions. C .  islundica is a source of 
special bread flour as well as initial material in alcohol fermentation. 
Umbilicariu muhlenbergii is used in soup and salad preparations 
(Tucakov, 1990; Richardson, 1991). The application of lichens in 
foods and medicines is very wide. According to their chemical nature, 
lichen substances are isolated in aqueous or organic solvents employ- 
ing various physicochemical procedures, some of which include 
heating (Gorshkova et al., 1997). Depending on the structure of 
compounds and technological process (type of solvent or method) 
certain pollutants could be avoided in specific preparations. 

Lichens have a very high efficiency for the retention of fallout 
'37caesium. Both 137Cs and 134Cs, gamma-emitting radionuclides 
originating from the Chernobyl accident in 1986, accumulated to a very 
high degree in lichens (Strandberg, 1994; Nifontonova, 1995). Due to its 
relatively short half-life of 2.1 years, 134Cs is no longer present in a 
significant quantity in contrast to 137Cs, which has a half-life of 30.2 
years (Commissariat a 1'Energie Atomique, 1988). 137Cs content in 
Cludonia-Cetraria lichens from Finland, the United States and the 
Soviet Union collected during 1960- 1970, ranged between 407 and 2368 
Bqkg-' dry weight (Tuominen and Jaakkola, 1973). In our laboratory, 
on the other hand, it was found that mean '37Cs-radioactivity value for 
twenty samples of the same lichen species collected in different parts of 
Yugoslavia in 1987 was 10392 Bqkg-' dry weight for C.  islandica and 
13610 Bqkg-' for E.prunastri (StankoviC et ul., 1991). 

Our previous work has demonstrated that lichen extracts prepared 
in organic solvents are much less '37Cs-contaminated than aqueous 
extracts (NediC et ul., 1995) and it is to be expected that lichen 
compounds that are isolated in organic solvents are, in general, weakly 
contaminated with 137Cs, if they are contaminated at all (to 
incorporate caesium specific functional groups are needed). Radio- 
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activities of aqueous extracts were considerable. It was noticed that 
'37Cs-radioactivity of aqueous solutions decreased upon heating; i.e., 
the initial activity of starting material was always greater than the total 
sum of all isolated products. The aim of this work was to investigate 
the extent to which the existence of evaporable 137Cs in the extract 
could explain this discrapency, and whether activated charcoal could 
be used as an adsorber to reduce the release of this contaminant to the 
local atmosphere. The lichen, C .  islundicu, served as a model system. 

MATERIALS AND METHODS 

Radioactivity measurements were carried out on a gamma-spectro- 
meter Canberra-Ortec (8192 channels). The resolution was 6.8% and 
the energy used for determining 137Cs was 661.6 keV. The window 
width was 0.05 cm and the efficiency of counting was 8.7%. Measuring 
period was one hour and the error of the method was at most 10%. 
Radioactivity changes were traced by 137Cs measurements on the 
lichen, extract (before and after each heating step), activated charcoal, 
filter paper and beaker. 

A sample of the lichen C. islundicu (50.0 g) was thoroughly ground 
and soaked in distilled water (1000 ml) in a glass beaker. The mixture 
was stirred with a magnet for 2 h at room temperature and then for 48 
h at 4°C. After the extraction phase, the lichen was separated from the 
solution; first by filtration and then by centrifugation. The remaining 
lichen material was allowed to dry in the air. 

In the first experiment the adsorptive capacity of activated charcoal 
was determined. The extract (850 ml) in a beaker was put in a water 
bath at 70°C and tightly covered with a specially constructed sponge 
made of activated charcoal (10.0 g; Sigma Chemical Company) in filter 
paper (adsorbent fitted on a beaker like a lid). The temperature of 
70°C was chosen as to avoid boiling and direct contact between liquid 
and adsorbent. The extract was allowed to evaporate for 2 h after 
which the activated charcoal was removed and air-dried. The same 
procedure was carried out with a new extract for the evaporation 
periods of 4 h and 6 h. 

In a second experiment the total amount of '37Cs-containing 
compound(s) that could evaporate was determined. While heating the 
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fresh extract (850 ml), several charcoal sponges (10.0 g each) were 
changed successively. Each adsorbent was allowed to collect 137Cs- 
substances until saturation. New adsorbent portions were used as 
many times as it was needed to exhaust evaporable 137Cs from the 
extract. 

RESULTS 

Measurements demonstrated that '37Cs-containing compound(s) 
originating from the C. islundiru extract were adsorbed by the 
activated charcoal. The radioactivities of the glass beaker and filter 
paper before and after the experiment were practically the same (at 
background level, the difference could not be estimated accurately). 

A heating period of 4 h was necessary and sufficient to saturate the 
adsorbent, under the described conditions (see Tab. I). The radio- 
activity gained by activated charcoal after 6 h heating was only 4.5% 
greater than after 4 h heating. For the second experiment time interval 
of 4 h was used to collect '37Cs-containing substances with each 
charcoal portion. The results monitoring changes in the radioactivity 
of the lichen C.  islundica after extraction as well as the changes 
exhibited by the extract and activated charcoal upon evaporation are 
presented in Table 11. 

The radioactivity of the lichen decreased by 26.3% upon extraction 
and the radioactivity of the extract decreased by 40.6% upon 
evaporation. The sum of the radioactivities of five charcoal portions 
was 106.3% of the radioactivity lost from the aqueous lichen extract 

TABLE I 
islandica on to activated charcoal upon evaporation 

Adsorption of '37Cs-containing compounds from the extract of lichen C. 

Initial radioactivity Final radioactivity Radioactivity change 
(B9)  (Ba) (Ba) 

Activated charcoal 1 88 111 23 
(2 h evaporation) 
Activated charcoal 2 88 154 66 
(4 h evaporation) 
Activated charcoal 3 88 157 69 
(6 h evaporation) 
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TABLE I1 
charcoal adsorbent upon evaporation 

Radioactivity changes in the lichen C. islandica, aqueous extract and 

Initial radioactivity Final radioactivity Radioactivity change 
UId ( E d  ( E d  

Lichen 2056 1515 54 1 
Extract 541 325 222 
Activated charcoal 1 88 155 67 
Activated charcoal 2 88 153 65 
Activated charcoal 3 88 154 66 
Activated charcoal 4 88 120 32 
Activated charcoal 5 88 94 6 

indicating that, within measurement error, the whole "evaporable" 
'37Cs-radioactivity was captured by the activated charcoal. 

The adsorption capacities of the first three sponges could be 
interpreted as 66 Bq on average (6.6 Bqg-' activated charcoal). The 
fourth sponge adsorbed less 137Cs, displaying only 32 Bq (3.2 Bqg-'). 
The adsorption on the last sponge was 6 Bq and as such within error 
limits (9.1 % of the maximum adsorption capacity). The evaporation 
of caesium seems to be a function of its concentration in the extract. 

DISCUSSION 

Caesium is usually determined in a soluble form in liquid systems 
employing ion exchangers that selectively bind caesium ions (Gaur, 
1996). Most of the caesium compounds that have been studied up-to- 
date evaporate at very high temperatures (above 400°C) due to their 
inorganic nature (Zilkina et QZ., 1973). The results obtained in this 
work showed that the lichen C .  islandica contains one or more 
compounds that incorporate caesium and are evaporable upon heating 
at 70°C. The conditions chosen for this experiment were such as to 
imitate the conditions usually employed in sample concentration 
(vacuum evaporation in a water bath). By measuring the radioactivity 
of the glassware and filter paper it was possible to exclude any other 
adsorption proceses during the experiment. 

The lichen C .  islandica was used as a demonstration example, but 
many of the lichen species that we have examined after the Chernobyl 
accident were and still are considerably radioactive: Cladonia jimbriata 
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(L.)  Fr., Usnea barbata, Evernia prunastri, Lobaria pulmonaria, 
Hypogimnia physodes (StankoviC and StankoviC, 1995). As they are 
continually used in food and pharmaceutical industry, it is important 
to determine a degree of '37Cs-contamination and to choose 
appropriate technological procedure for the exploitation. When an 
open system is used workers are directly exposed to contamination by 
inhalation and skin deposition. Closed systems like laboratory plants 
working under vacuum conditions shelter laboratory workers to a 
certain extent but overall contamination is not avoided. The results 
presented here suggest that if lichens are 137Cs-contaminated, aqueous 
extracts should not be consumed directly, and if they are used for 
isolation of specific compounds (some of which may not be 
radioactive) heating should be avoided or at least secured with an 
appropriate vapour adsorbent. 
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