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Abstract 

In the past, only a few investigations have been performed in Slovenia concerning trace elements, 
toxic elements, heavy metals and radionuclides in the atmosphere. During recent years, several projects 
were initiated, involving health-related studies connected to air pollution in highly exposed areas, mapping 
the status of air pollution in the whole country using biomonitors, as well as some specific research, i.e. 
involving studies of mercury speciation in the atmosphere around a mercury mine or concentration levels 
of radionuclides in biomonitors around a uranium mine. Since all these projects were or are of a preliminary 
nature, in this report, the emphasis is mainly on the methodology and analytical development (neutron 
activation analysis and X-ray spectrometry), and to a lesser extent on the results obtained up to now. 
Efforts are being put into co-ordination of all the presently running projects in order to complement the 
results and to make an unified database for their later evaluation and statistical interpretation. 

1 . SCIENTIFIC BACKGROUND A N D SCOPE OF THE PROJECT 

In various countries in the world much effort is devoted to the air pollution studies 
connected with environmental impact and human health-related studies. In this respect, 
an important part of such research is devoted to the application of natural materials 
(mosses, lichens, grasses, ferns, tree rings, feathers, hair, etc.) as indicators/monitors of 
trace-element air pollution. Many studies are concerned with changes in species 
abundance, morphology and/or the physiology of the relevant organisms, all, however, 
without the ability to apportion these changes to any particular atmospheric pollution 
component. 

In other studies the elemental content of the organism/material are measured, 
mostly aimed at the determination of relative changes observed with respect to variations 
in distances to a priori known pollution sources (highways, industrial complexes, etc.), 
without obtaining any quantitative information about the actual levels of the pollutants in 
the atmosphere. Much attention is paid to interspecies and intersubstratum calibrations, 
all resulting from problems arising from gaps in the abundance of the organisms/materials, 
due to their degree of sensitivity to total air pollution and/or other effects. 

So far insight into the uptake mechanisms of atmospheric pollution components in 
natural materials is still lacking, and consequently little is known of the quantitative 
relationships between element concentrations in the monitor and those in the atmosphere. 
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Air pollution problems which have arisen during the last twenty years led to an 
increased interest in epiphytic lichens, which are regarded as suitable tools for monitoring 
levels of atmospheric pollution. Unlike higher plants, they have neither roots, a waxy 
cuticle nor stomata; hence for mineral nutrition they are largely dependent on wet and dry 
deposition from the atmosphere. Moreover, lichens are perennial and can accumulate 
elements originating from both natural and anthropogenic sources over long periods of 
time. As lichens accumulate air pollutants over long time scales, their use in these zones 
seems a valuable adjunct to direct methods, which usually furnish data for relatively short 
peiious of time and Tor ralner small volumes of air. 

Between 1975 and 1979 the Panslovenian Youth Research Programme mapped the 
whole area of Slovenia, considering the distribution of different epiphytic lichen growth 
forms. A simple lichen map was constructed. Interest in lichens as air quality indicators 
again increased in connection with forest decline studies. Methods using air quality by 
bioindicators were applied to forest damage inventory plots. Systematic monitoring of 
forest decline based on a 16 km x 16 km bioindication grid has been followed since 1985 
by the Institute for Forestry and Wood Economy. But until now, only a few investigations 
concerning trace elements in lichens were performed on some local areas. There have been 
some pilot investigations [1-11] using transplanted or in situ growing lichens in order to 
observe injuries of thalii, destruction of chlorophyll and accumulation of certain air 
pollutants (S02, fluorine, radionuclides, and selected heavy metals). 

The general scope of the project is the gathering of information about actual air 
pollution levels in Slovenia and about the general applicability of biomonitors. Particular 
research objectives are: 

1. The application of epiphytic lichens as indicators of toxic heavy metal air 
pollution in Slovenia in order to get information about the geographical 
gradients for particular pollutants. 

2. To improve and further develop analytical techniques for multielement 
characterization of these materials, including speciation of some particular 
pollutants (e.g. Hg). 

3. To gain more information about the general applicability of biomonitors by 
comparing quantitative relationships between concentrations in the monitor 
and in the atmosphere. 

4. To study in more detail some highly polluted areas {e.g. surroundings of a 
coal-fired power plant) by applying a more dense monitoring network and 
possibly studying health effects, caused by the plant on the population living 
nearby. 

Close collaboration has been established with the Biotechnical Faculty (Department 
of Agronomy) of the University of Ljubljana, and the Institute of Forestry and Wood 
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Economy in Ljubljana concerning identification of lichen species and sampling. Cooperation 
is also established with the Hydrometeorlogical Institute for provision of meteorological 
data. Staff from ERICo is giving us assistance in collecting and analysing aerosols around 
a coal-fired power plant. Collaboration is also established with the Interfacuity Reactor 
Institute of Delft University of Technology, The Netherlands, (sampling, sample 
preparation, data interpretation), the Institute for Nuclear Sciences of the State University 
of Gent, Belgium (quality of analytical data) and with the Forschungscentrum Julich, 
Germany (sampling, quality of analytical data). 

2. METHODS 

Aerosols are collected by means of an in-house constructed single jet facility, with 
a cut-off point of ~ 2.5 yt/m. The fraction ~ 2.5 to 10 //m is collected on a Nuclepore 
polycarbonate membrane filter (pore size 0.45 pm). with free air flow reduced to a 
diameter of 13 mm in order to achieve a higher concentration of coarse particles in the 
central part of the filter. The particulate fraction finer than ~ 2.5 pn\ is collected on a 
Nuclepore polycarbonate membrane filter (pore size 0.45 //m). Both filters are held in the 
original Nuclepore holders. The air flow rate through the separator and both filters is 
regulated by a critical orifice between the filters and a GAST oil-less diaphragm vacuum 
pump (type DOA). The flow rate is not constant and it decreases by up to 50% from the 
beginning to the end of the sampling period. The arithmetic median value of the flow rate 
is about 300 L-h'1, representing approximately one third of the rate of human breathing. 
The flow rate is measured by a rotameter at the beginning of sampling, checked every 
second day and finally at the end of the sampling period. Sampling times vary, depending 
on the minimal flow rate necessary for successful operation of the separator and 
determination of the content of air particulates, being from 2 to 7 days. 

The collection system for bulk precipitation consists of a polyethylene funnel 
(diameter 20 cm and vertical board 10 cm) and a polyethylene bottle (5 L). The funnel-
bottle system is mounted inside a stainless steel cylinder placed on a concrete plate, 
keeping the upper edge of the funnel 1.5 m above ground level. The opening of the funnel 
is protected by a coarse filter mash made of polyethylene (with hole diameter 2 mm) and 
a nylon net (pore size 250//m) in order to prevent inlet of coarse particles (e.g. leaves) and 
insects- Before each sampling period (1 month), 10 ml cone. HN03 (suprapure) is added 
to the bottle to preserve the precipitation collected. Afterwards the samples are filtered 
through Nuclepore polycarbonate 0.45 fjm membrane filters, leading to the separate 
analysis of water and filtrate. 

The lichen species Hypogymnia physodes (LJ Nyl. with adhering substratum is 
collected about 1.5-2 m above ground in order to minimize soil contamination. In the 
laboratory, the lichens are carefully removed from the substrate, dried at room temperature 
to constant weight, ground and homogenised with addition of liquid nitrogen. 
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For analysis of collected materials, mainly multielement techniques such as 
instrumental neutron activation analysis (INAA) and Energy dispersive X-ray spectrometry 
(EDXRF) are used. 

INAA (using the k0 standardization method) is used for analysis of air particulate 
matter (APM), precipitation samples and lichens. A detailed description of the methodology 
and procedures are given elsewhere [12-17]. 

Tiie EDXRF mei-Wod is used for the analysis of APM [13] and lichen samples. 55Fc, 
109Cd and 241Am radioactive excitation sources are used. For light elements a 55Fe source 
and a Ge detector are applied. Elements from S to Mo are measured with 109Cd and a Si(Li) 
detector, while heavy elements are determined with 241Am and a Ge detector. The X-ray 
spectrometry system consist of two separate units, consisting of two multichannel 
analyzers connected to a Si(Li) detector and the other to a Ge detector, and both equipped 
with automatic sample changers. Spectra obtained on both systems are processed by AXIL 
and QAES (Quantitative analysis of Environmental Samples) software. The analytical 
system was calibrated by National Institute of Standards and Technology (NIST) Standard 
Reference Materials (SRMs) 1832 and 1833 Thin Glass Films on Polycarbonate for X-Ray 
Fluorescence Spectrometry. 

In addition, electrothermal atomic absorption spectrometry (ETAAS) is used for 
analysis of Cd, Cu and Pb in precipitation samples. Total gaseous mercury in air is 
determined by double amalgamation cold vapour atomic absorption spectrometry (CVAAS), 
after sampling on a gold trap [11]. Total mercury in lichen samples is determined by gold 
amalgamation CVAAS after acid decomposition under pressure [19, 20]. For the 
determination of methylmercury, ion-exchange separation followed by CVAAS is used [21 , 
22]. 

Quality assurance of the results obtained by above methods was obtained by 
analysis of NIST SRMs. Besides, we are also participating in the intercomparison of trace 
and minor elements in IAEA lichen research material (336), organised by the LNETI, 
Portugal. The following SRMs were analysed: NIST SRM 1643c Trace Elements in Water 
(INAA, ETAAS), NIST SRM 1571 Orchard Leaves, NIST SRM 1572 Citrus Leaves, NIST 
SRM 1573 Tomato Leaves, NIST SRM 1515 Apple Leaves, NIST SRM 1547 Peach Leaves, 
NIST SRM 1633a Coal Fly Ash (all by INAA), NIST SRM 3087 Metals on Filter Media (ED 
XRF) and BCR (Community Bureau of Reference) CRM (Certified Reference Material) 38 
Minor and Trace Elements in Fly Ash from Pulverised Coal (ED XRF). 

3. RESULTS 

In Fig. 1 and Table I some indicative results of our previous work relating to this 
CRP are presented. In Fig. 1, the uranium content in lichens at 5 sampling points around 
Zirovski vrh, where a uranium mine, mill and processing plant are located, are presented 
18]. These facilities are situated in a narrow valley formed by two streams with few open 
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places in the vicinity, but surrounded by a mixed forest which acts as a filter for pollutants. 
The valley of the BrebovScica stream is open in the north-south direction, which is also the 
dominant wind direction. Uranium levels presented for in-situ growing epiphytic lichens are 
average values of different lichen species (Hypogymnia physodes (LJ Nyl., Parmelia 
caperata (L.) Ach., Parmelia sulcata Th. Tayl.). As is evident from the figure, the uranium 
concentrations in lichens are in good agreement with uranium levels in air particulates. The 
highest values were found in in-situ and transplanted lichen samples in the immediate 
vicinity of the processing plant (sampling point 4) and in the valley of the BrebovSCica 
stream \sampling point 5). Since transplanted H. physodes was exposed only for 3 
months, the values are lower in comparison with values of in-situ growing lichens, but the 
distribution pattern closely follows the shape of the in-situ ones. 

3J_ plO 

^jiNsrruucHBE nfnuNspuNTH) ^AtRp/umcuuras 

Figure 1. Correlation between uranium content in in-situ lichens, transplanted lichens 
(dry mass) and in air particulate matter. 

In Table I, results for mercury and methylmercury in lichens, and mercury in air at 
the various sampling areas are presented [11 ]. The principal source of total mercury in air 
is the smelter of the Idrija mercury mine, situated near the river Idrijca close to the town 
centre. The valley of the Idrijca runs in a south-north direction, which is also the 
predominant wind direction, hence, fairly high mercury concentrations in lichens were 
found near the smelter (115-188 //g-g'1 of Hg), and lower concentrations in the centre of 
Idrija (17-48/yg-g'1 of Hg) and areas surrounding Idrija (2-7 //g-g'1). The lowest 
concentration of mercury was found at the control site in a mountain area (0.4//g-g'1). A 
good correlation between total mercury in air and in lichens was found. Mercury and 
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methylmercury levels in lichens are in good statistical correlation (r = 0.88), although it 
is clear that the fraction of mercury present as methylmercury falls at sites with heavy 
inorganic contamination. Methylmercury levels varied from 23 to 106 ng-g'1 in the mercury 
mining area and from 5 to 13 ng-g"1 in other unpolluted areas. It is difficult to compare and 
interpret these results as, to the best of our knowledge, no other studies on methylmercury 
in lichens have been published. 

TABLE I. TOTAL MERCURY AND METHYLMERCURY IN LICHENS (DRY MASS) AND 
TOTAL MERCURY IN AiR 

Sampling point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total Hg 

//g-g"1 

188.2 

139.0 

115.2 

47.9 

46.2 

25.1 

17.5 

7.6 

2.3 

0.40 

Lichens 

Me-Hg 
ng-g-1 

106 

90 

79 

88 

56 

47 

38 

23 

13 

5 

Me-Hg 

(%) 

0.06 

0.07 

0.07 

0.18 

0.12 

0.19 

0.21 

0.30 

0.21 

3.7 

Air 

Total Hg 
ng-m"3 

550 

135 

-

-

53 

1 ' 

-

11 

-

4 

4. PLANS FOR FUTURE WORK 

During first year, a sampling campaign will be organised, where epiphytic lichens 
(species Hypogymnia physodes (Li Nyl.) from approximately 90 sampling sites, evenly 
distributed all over the Slovenia, will be collected. The samples will be carefully prepared 
for the analysis of minor and toxic heavy metals, using INAA and EDXRF. It is also 
expected that first analyses will be performed. 

In addition, CVAAS will be applied for the analysis of mercury. We shall try to make 
some preliminary experiments on speciation of various volatile Hg compounds in air using 
selective adsorption. Mercury compounds will be thermically desorbed or wet digested and 
concentrated on a gold trap, and determined by a cold vapour atomic fluorescence 
detector, which is much more sensitive than AAS. For higher Hg concentrations in air, also 
iodated charcoal traps followed by NAA could be used. 
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A t some typical sampling sites, collectors for airborne particulates and total 

deposition wil l be mounted in order to study quantitative relationships between elemental 

concentrations in the monitor and in the atmosphere. 
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