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INTRODUCTION

Element contents in terrestrial mosses, passive biological absorbers of dissolved elements, correlate significantly
with the current atmospheric deposition loads of elements. For this reason, moss analyses are widely used for
determining the relative deposition rates in individual national bio-monitoring campaigns. Since 2000, these moss
bio-monitoring campaigns have been included in the European co-operative programme UN/ECE ICP-Vegetation
(subprogramme Heavy Metals in Mosses), which runs in the framework of the Convention on Long Range
Transport of Air Pollution (CLRTAP). However, only bio-monitoring of the current deposition levels of 10-13 most
common toxic and hazardous elements is required by the co-operative centre of the ICP-Vegetation programme.

Bio-monitoring of the current atmospheric deposition loads of 14 selected elements using moss bio-indicators
was carried out in the Czech Republic (abbreviated CZ) in 1991/1992, 1995 and 2000. In the CZ bio-monitoring
campaign in 2000, the Laboratory of Trace Elements at the research institute at Prithonice determined the contents
of 36 elements in moss samples collected at 250 sampling plots in CZ. The first part of the CZ bio-monitoring
survey in 2000 (Sucharovd and Suchara 2004a) presented and evaluated the contents of 14 elements in moss. The list
of elements included in the survey comprised the elements obligatorily investigated in the international programme
(As, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, V, and Zn) and three more elements (Al, Mo, S), which had also been
determined in the previous CZ moss monitoring programme in 1995.

This second part of the CZ moss monitoring survey in 2000 presents the distribution of the content of 22 more
elements (Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, N, Pr, Rb, Sb, Se, Sn, Sr, Th, T1, U and Y) in moss samples in
CZ. The contents of these elements are determined here for the first time in the CZ moss monitoring programmes.
Since environmentalists have recently begun to require the nitrogen deposition rate, determining the total N content
in the moss samples was included in this campaign. Not many figures concerning the optionally determined elements
have been published in other countries. Lack of sufficient knowledge about the pollution sources of these elements,
their deposition variability, cycling, and health and other effects may explain why little concern has been raised about
them.

This publication aims to provide a compact report on the course of the bio-monitoring campaign in 2000 and
the results obtained for the 22 elements dealt with here. However, we will not repeat the detailed description of some
aspects of the bio-monitoring campaign, e.g., moss monitoring principles, distribution of sampling plots in the
administrative regions, collection and processing of samples, etc. Readers are referred for additional details to the first
part of the CZ moss survey in 2000 (Sucharovéd and Suchara 2004a). Nevertheless, this report includes all basic data
about the CZ moss survey in 2000, so that readers will not need to read Part I of this survey in order to understand
Part I1.

Difficulties in funding the publication of the second part of the CZ moss survey since 2003 meant that the CZ
moss data has not been presented until 2007 (Suchara et al. 2007) in a report evaluating the moss monitoring results
2000 in the context of the Visegrad countries (Poland, Hungary, the Slovak Republic and the Czech Republic). The
CZ moss results are now for the first time presented in full on a fine scale for the whole territory of the country.
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1 GENERAL PART

1. 1 CZECH REPUBLIC AND POLLUTION SOURCES OF THE INVESTIGATED ELEMENTS

The natural conditions, the history of industrialization and the current industrial potential of the Czech Republic
(CZ), a small (78 864 km?) central European country, were introduced in the first part of this moss survey in 2000
(Sucharovd and Suchara 2004a). For the purposes of this report, the western half of CZ will be referred to as
Bohemia and the eastern half as Moravia, apart from a small area in northeastern Moravia (Czech Silesia), which for
historical reasons is referred to as (Upper) Silesia.

Recently, the territory of the country has been divided into 14 administrative regions. Their position in CZ is
depicted in Figure 1. The average content of elements in moss from each administrative region is compared using bar
diagrams. Table 1 provides the names of the districts and the abbreviations used in the bar diagrams.

Name of region Area Abbreviation Name of region Area Abbreviation
(Executive city) (km?) used (Executive city) (km?) used
Stfedocesky Olomoucky
110 143 SC 139 OL
(Prague) (Olomouc) >
Ji%lOéCSk},’ o 10 056 CB Kralovéhradecky 4758 HK
(Ceské Budgjovice) (Hradec Krilové)
Plzenisky Pardubicky
7561 PL 4518 PU
(Plzen) > (Pardubice) >
Jihomoravsky Zlinsky
066 BN 6 ZL
(Brno) / (Zlin) 3965
Vysoc¢ina Karlovarsky
692 I 3314 KV
(Jihlava) > J (Karlovy Vary)
Moravskoslezsky Liberecky
ov 16 LI
(Ostrava) 55% (Liberec) 3163
Ustecky Capital Prague
b 335 UL 496 PR
(Usti nad Labem) > (Prague)

Table 1 Current higher administrative regions of the Czech Republic and the relevant abbreviations introduced in this survey

At the end of the 1980s, CZ was intensively industrialized and extensive industrial centres of metallurgical,
engineering, chemical, power-producing, textile, glass and other industries operated mainly in the local coal basins in
northwestern Bohemia (CZ part of the former so-called Black Triangle I area), in northeastern Moravia and Silesia
(sometimes referred to as the CZ part of the Black Triangle II area, see Markert et al. (1996), in the western part of
Central Bohemia (Mélnik, Slany, Kladno, Beroun districts), in southwestern Bohemia (engineering and metallurgical
centre in the Plzen, Rokycany and Ptibram districts) and in northeastern Bohemia, mainly in the Pardubice region.
Many smaller industrial works were scattered elsewhere all over the country. National registers of emission sources
contaminating the atmosphere and amounts of emitted air pollutants (REZZO 1-4) listed only major pollutants,
such as SO,, NO,, solid particles, hydrocarbons and later a few toxic elements, e.g., Cd, Hg, Pb, Zn.

After the political and economic changes in CZ in 1989, most of the industrial works were privatized or perished,
and the remaining works were restructured. The production of energy in coal power plants decreased substantially,
and in the CZ coal power plants new desulphurizing technologies were introduced between 1994 and 1998. In
1997-1998, the old furnaces and technology in the secondary lead smelter at Piibram, a major source of polymetallic
pollution that had caused enormous contamination of the environment by toxic metals, were replaced by more
sophisticated equipment. The production and consumption of leaded petrol decreased from 1995 onwards, and since
2000 leaded petrol has no longer been distributed in CZ. Coal extraction has been limited and coal burning in
industrial furnaces has been substantially reduced. Uranium ore pits were gradually closed down, and the last pit
stopped production in 2005. However, road transport density and large terrain works associated with the
construction of new buildings have increased dramatically since 1990. Increasing emissions of nitrogen compounds,
platinum metals from catalytic converters, lithophile elements associated with soil dustiness, etc. can also be
anticipated.

Since 1990, industrial production has been greatly reduced, mainly in the Black Triangle I area in northwestern
Bohemia. Metallurgical and other industrial activities have been markedly reduced in the Kladno and Slany districts
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in the western part of central Bohemia. A similar phenomenon can be observed in the Plzen and Rokycany districts
in southwestern Bohemia. A dramatic but not total decline of industrial production has also taken place in
northeastern Moravia, in the CZ part of the so-called Black Triangle II area. These changes have attenuated the
former bio-indicated hot spots of high deposition loads of obligatory investigated elements in the Kladno and Plzeti
districts, and have substantially reduced the deposition loads in the brown coal basin in northwestern Bohemia. The
smallest decrease in deposition rates, at least of some elements (e.g., Cd, Fe, Pb), has been bio-indicated in
northeastern Moravia.

On the other hand, some new industrial production is being introduced in the country. The increased demand
for energy is being satisfied by raising the output of coal power plants. The utilization of alternative power sources,
mainly biomass, remains low.

In recent years, the total emissions of greenhouse gases on the CZ territory have been under international control
(EU emission trading scheme, Directive 2004/101/EC scheme for greenhouse gas emission allowance with respect to
the Kyoto Protocol 1997)

(http://ec.europa.eu/environment/climat/emission/linking_en.htm).

Generally, air pollution sources in CZ are divided according to the amounts of registered pollutants emitted
(suspended particles, SO, NO,, CO, PAH, and others) into four categories, and the pollution sources are listed in
registers REZZO1-4. Current pollution sources in the CZ administrative regions and the basic characteristics of the
individual sources are available on the CHMI pages:

http://www.chmi.cz/uoco/data/emise/gnavemise.html.

Since 1996, yearly balances of emissions (SPM - Suspended Particulate Matter, SO, NO,, VOC, NHj3)
according to the data in registers REZZO1-4 are available for the CZ administrative territories on:

heep://www.chmi.cz/uoco/emise/embil/emise.html.

More information on air pollution in CZ is provided by the information system of the Czech
Hydrometeorological Institute, on www.chmi.cz/uoco/isko/schisko/schiskoe.html (in English).

Five owners run about 230 stations measuring the ambient air quality in CZ. The manually-operated stations
make measurements of concentrations of SO,, NO,, fine particles PM;o and Os and at about 60 spots measurements
of heavy metals (Al, As, Cd, Pb, Cr, Ni, Be, Hg, Mn, Fe, Cu, Zn, Sb, V) in the atmosphere. At 15-20 stations,
concentrations of special volatile and persistent organic pollutants (VOCs, POPs) are also determined.

Automated determination of PM,s, NHs, Hg and some meteorological readings are registered at about 95
stations in the automated air pollution monitoring network (AIM).

About 75 urban stations are in operation. The National Institute of Public Health maintains 44 stations, and the
Czech Hydrometeorological Institute has 32 stations. The concentrations of SO,, NO,, PMjo and As, Cr, Cd, Mn,
Ni, Pb in particulate matter are monitored in 27 towns.

Atmospheric wet-only, bulk or throughfall deposition of major ions, such as SO4*, NOs, H*, F, Cl;, H*, NH4,
K*, Na*, Mg*, Ca*, Zn*, Pb*, Cd*, Ni*, Fe**, Al**, As** is determined at approximately 20 spots.

The analytical results have been gathered in the Air Quality Information System ISKO, (IIS) operating since
1992.

The position and distribution of the measuring stations in a map of CZ is available on the following addresses:
hetp://www.chmi.cz/uoco/isko/tab_roc/2005_enh/cze/pdf/map.pdf (in Czech) and
hetp://www.chmi.cz/uoco/isko/sitsta/sitstac.html (in English).

Selected stations are included in special long-term European research projects, for example, EUSAAR (European
Supersites of Atmospheric Aerosol Research) and ACCENT (Atmospheric Composition Change — the European
Network of Excellence).

Primary and evaluated analytical data is available in the information system, and some mainly up-to-date air
quality data is presented on-line on www.chmi.cz. For example, figures on current levels of atmospheric pollution are
available on: http://www.chmi.cz/uoco/act/aim/aregion/aim_region.html.

Effective limit values for the protection of health, ecosystems and vegetation accepted in CZ can be found on:
hetp://www.chmi.cz/uoco/isko/projekt/creu-ang.html (in English).

Tabular yearbooks of analytical results for individual stations and for a given year have been available since 1997.
Details can be found on the following addresses:

heep://www.chmi.cz/uoco/isko/tab_roc/tab_roc.html (in Czech) and

http://www.chmi.cz/uoco/isko/tab_roc/tab_roce.html (in English).

An annual evaluation of measured air pollution data in CZ and a comparison with the previous period is available
on the following pages: http://www.chmi.cz/uoco/isko/projekt/hodn02/kval02.pdf (in Czech).
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Annual measurements are also presented in the form of maps, for example, of emission densities, concentration
fields of investigated pollutants in the air, and distribution of wet and dry atmospheric deposition in CZ. For further
information, see the following addresses:

heep://www.chmi.cz/uoco/isko/groc/gr05¢cz/sezobr.html (in Czech) and

heep://www.chmi.cz/uoco/isko/groce/gr05e/asezobr.html (in English).

Although there are many stations measuring concentrations of air pollutants and atmospheric deposition rates,
with the exception of reactive nitrogen compounds there is no data about concentrations of the elements dealt with
in this report in the atmosphere and atmospheric deposition in CZ.

If we can assume that there are similar passive adsorption mechanisms for all elements investigated here, apart
from N, from atmospheric pollution on moss pectines, then the distribution of elements in moss that have not been
determined in other air quality monitoring programmes will for the first time provide information on the current
relative deposition rates of these elements in CZ. Maps of element distribution in moss can help to determine the
position of potential sources of these elements in CZ. Unfortunately, the optional elements were not determined in
the moss monitoring programmes in CZ before 2000, when a general and considerable decrease in atmospheric

deposition loads in CZ was in progress, at least as far as the obligatory elements are concerned (Sucharovd and
Suchara 1998, 2004a).
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1.2 BIO-MONITORING THE RELATIVE ELEMENT DEPOSITION RATES

Terrestrial moss plants cannot or can only partially take up water and soluble elements from soil covers, due to
their lack of real roots. Nutrients for mosses are obtained through uptake by the above-ground parts of mosses of
dissolved ions from direct atmospheric deposition, throughfall deposition, decayed vegetation or soil and humus
particles spread by wind, water or snow. Atmospheric deposition may contain local or remote geogenic dust particles
or natural and especially air pollutants emitted from anthropogenic pollution sources.

Since the 1970s the relative deposition loads of elements has been determined through moss analyses. Moss
campaigns for heavy metals, co-ordinated by a group of moss experts, were carried out in the Scandinavian countries
between 1971 and 1987, and the first Pan-European moss survey was organised in 1990/1991. However, only
a small number of toxic elements in moss were determined in those campaigns, probably due to poor knowledge of
the harmful effects of other hazardous elements and restricted analytical techniques for determining many trace
elements. Even the more recent European moss monitoring campaigns in 1995 and 2000, carried out in the
framework of the UN ECE ICP programme on the Effects of Air Pollution on Natural Vegetation and Crops
(www.unece.org/env/wge/vegetation.htm) set out to determine only 10-13 obligatory elements in moss (Buse et al.
2003). Neglected elements such as Be, Tl, U, lanthanides, etc., can be harmful in the same way, or even to a greater
extent, than some of the heavy metals that are ordinarily bio-monitored. Delay in introducing bio-monitoring of the
deposition loads of optional elements delays the discovery of potential relationships between the deposition loads of
these elements and their impact on health or on the environment. At the same time, we forfeit information on the
development of historical exposition loads of biologically active elements the effects of which are not yet known.
Environmentalists will certainly welcome any current and past data about the deposition rates of the optionally
determined elements.

Bio-monitoring experts in other countries included in the UN/ECE ICP-Vegetation programme have
nevertheless sometimes determined other elements in moss than the obligatory elements.

For example, Steinnes et al. (1992, 2001) and Berg and Steinnes (1997a) presented data about the content of
optionally determined trace elements and rare earth elements, mainly in moss Hylocomium splendens, in Norway.

Halleraker et al. (1998) determined the contents of 36 elements in the Barents region in mosses Hylocomium
splendens and Pleurosium schreberi, bioindicators widely used in biomonitoring atmospheric deposition loads. These
two moss bioindicators are commonly considered to accumulate almost the same concentrations of elements in the
same environment. However, this paper stated that the content of 17 investigated elements differed significantly in
these moss species growing on the same plots. Interspecies calibration has been recommended when the analytical
results of more than one moss bio-indicator are utilised. Reimann et al. (1997) demonstrated the distribution of eight
trace element deposition rates in the European Arctic area through moss analyses.

Using the neutron activation technique, Frontasyeva et al. (2000) determined the element contents of about 40
elements in moss growing in the main deposition zone around a steel works near Lake Bannoe, situated about 30 km
to the northwest of Magnitogorsk. Using the same technique, 13 obligatory and approximately 30 optional elements
were determined in moss samples from Bulgaria (Stamenov et al. 2002), in Romania (Stan et al. 2001), in Serbia
(Frontasyeva et al. 2004) and in Slovakia (Marikovskd et al. 2003, Florek et al. 2007).

Chiarenzelli et al. (2001) observed the contents of about 45 elements in vascular plants, lichens and six moss
species, including Hylocomium splendens, growing at a remote site near the Otter Lake in northern Canada. In this
habitat, the multi-element composition of mosses correlated with the composition of the upper continental crust
mainly for minimally mobile elements (Be, Sc, Y, U, Th, rare earth elements). Rare earth elements were not
substantially retained by moss species.

Aceto et al. (2003) used a typical ground moss Bryum argenteum as a potential indicator of atmospheric
deposition rates along a deposition gradient between an urban environment and a mountain environment in
Piedmont, Italy. Twenty elements were determined, including elements of low concern in moss biomonitoring
programmes (e.g., Ba, Li, Mn, Sr and Ti).

Grodziriska et al. (2003) published the contents of some trace elements in moss Pleurozium schreberi in two
industrial regions, Legnica-Glogéw and Silesia-Karéw, in southern Poland and in a control area in northeastern Poland.

The effects of bedrock types and atmospheric deposition on water contamination have been investigated through
the accumulation of several trace elements in Fontinalis antipyretica and other aquatic moss species in brooks on the
Polish and Czech sides of the mountain ranges in the border area, by Samecka-Cymerman and Kempers (1994),
Samecka-Cymerman et al. (2005).

Further figures on the element content in moss in selected European countries are also available in Chapter 2.3.5
of this report.

10
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2 EXPERIMENTAL PART

2.1 GOALS OF THE BRYOMONITORING PROGRAMME

The prime concern of the CZ bio-monitoring programme in 2000 was to determine the content of the obligatory
elements in moss in order to assess the distribution of the atmospheric deposition rates of these elements in the CZ
territory. In parallel, the concentrations of 22 optional elements were determined in the moss samples. The results
that were obtained offer the first information about deposition loads of elements that had never previously been
monitored in CZ. These new findings can in future be utilized in the UN ECE ICP-Vegetation programme. Details
about the ICP-Vegetation programme 2000 and the themes that it dealt with were presented in the first part of this
report (Sucharovd and Suchara 2004a).

However, while generally known toxic elements, such as Al, As, Cd, Cr, Hg, Ni, Pb, were included in the
programme, bio-monitoring of other elements (e.g., Be, Se, Sn, Th, Tl, U), which may pose a threat to health or the
environment, were ignored by the ICP-Vegetation programmes. Stations measuring atmospheric deposition loads,
mainly those maintained by the Czech Hydrometeological Institute, have monitored only the 5-10 toxic elements
included in the air act surveys. New awareness of the ecological and health effects of other elements, and also
knowledge of the deposition loads of these elements are desirable. It is not efficient or effective to analyse only a few
elements when moss samples are collected, prepared and digested for multi-element analyses. The 22 optional
elements in moss bio-indicators have never before been determined in the CZ moss surveys.

The principal objectives of the CZ monitoring campaign in 2000 concerning the optional elements were as
follows:

e o introduce 22 additional optional elements into the CZ moss monitoring campaign in 2000,
and to provide information about their occurrence in the environment,

e  to determine the content of the optional elements in the collected moss samples,

e to present basic statistics for the analytical data that was obtained,

e to process the analytical results in the form of classed post and isoline maps depicting the
distribution of the optional element contents in moss in CZ,

e to find the position of the current crucial hot spots where the optional elements are accumulated
in moss in CZ, and to try to identify the emission sources and the main explanatory
environmental factors,

e to search for explanatory factors operating in the landscape that can have a significant influence on
the distribution of the investigated elements in moss in CZ,

e  to compare the results with available data from abroad,

e to publish the findings for the optional elements in an extra volume of the CZ national moss
monitoring survey.

2.2 MATERIAL AND METHODS

The moss bio-indicators that were collected, the methods used for processing, analysing and evaluating them, and
the presentation of the results are the same as for the obligatory elements. The same instructions (Riihling 1994) for
the European moss bio-monitoring campaign in 2000 were valid as for the previous bio-monitoring campaign in
1995. As the relevant information was provided in detail in the first part of the CZ moss survey in 2000 (Sucharovd
and Suchara 2004a), the following chapters give only essential information to elucidate the basic principles of the
bio-monitoring methods that were used.

2.2.1 COLLECTING SAMPLES

Moss samples were collected in a grid of sampling points of approximately 15 x 15 km from the late summer to
the late autumn in 2000. The representative moss samples were collected in forests under tree canopy gaps and in
glades to avoid the effects of throughfall, stemflow and litterfall on moss plants. Sampling of mosses growing in grass
was also avoided. At each locality seven subsamples with a total quantity of about 7-8 litres of collected material were
taken.

11
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Moss samples were collected at 250 sampling plots in CZ in 2000, and 196 sampling plots that had been used in
the bio-monitoring campaign in 1995 were preferentially used in 2000. However, moss samples were collected at
only 155 plots that were identical to those utilised in 1995 and, due to changes in the remaining plots that
discouraged the collection of representative moss samples, 41 plots sampled in 2000 were situated close to the
remaining plots that had been utilised in 1995. In order to determine the distribution of element deposition more
correctly, 54 additional new sampling plots were introduced in areas where the deposition gradients were bio-
indicated to be steep and the sampling net had been sparse in 1995. The repeatedly sampled plots or surrogate plots
located closer than 1 000 m from the plots established in 1995 were coded by the same numbers, from 1 to 192, as
in 1995. In 2000, surrogate plots situated further than 1 000 m from the plots sampled in 1995 and new additional
sampling plots were coded by the number of the closest sampling plot from 1995, with the appendix -01, -02, etc.

The sampling area was most frequently about 50 x 50 m. In each locality, a special field record of the collection
of bryophyte samples was kept, as in the bio-monitoring survey in 1995 (see Sucharovd and Suchara 1998).
Geomorphological, climatic, vegetational and other mesoscale characteristics of the sampling plots were recorded in
the field, and fine-scale maps were used. Additional information about bedrock types and interpolated annual
precipitation sums for 1999-2000 for the sampling plots was found in the geological and hydrological maps of CZ.

Four additional plots, which have been included in the total of 250 samples, were sampled in 2001. The
positions of all 250 plots on which moss samples were collected in 2000 (2001) are shown in Figure 2. More
information about the localities, their coding, geographical coordinates and other details facilitating their location
can be found in the list of localities given in Appendix - Table 1 of this survey.

Table 2 provides information about the moss samples collected from each CZ administrative region and then
analysed (for the names of the regions, see Table 1).

Sampled plots Relative % Region Region Sampled plots Relative %
31 12.4 HK SC 21 8.4
25 10.0 PU CB 13 5.2
21 8.4 ZL PL 11 4.4
15 6.0 KV BN 13 5.2
15 6.0 0 7 19 7.6
22 8.8 PR ov 1 0.4
30 12.0 UL
3 5o Total oL 250 100.0

Table 2 Number of sampled plots in the individual CZ regions and the proportion of these plots in the total number of plots
sampled in CZ

12
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Figure 2 Distribution of sampling plots and sampled moss species in the CZ moss monitoring campaign in 2000
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2.2.2 COLLECTED MOSS SPECIES

Pleurocarpous (feather) mosses Hylocomium splendens, Pleurozium schreberi, Scleropodium purum, Hypnum
cupressiforme and a few other species were introduced as reliable bio-indicators of current atmospheric deposition
loads of obligatory bio-monitored elements. Especially Pleurozium schreneri and Scleropodium purum take in elements
with very similar efficiencies and give comparable bio-monitoring results. Therefore, in accordance with knowledge
about the occurrence of these two species in CZ from the previous bio-monitoring campaigns, Pleurozium schreberi
and Scleropodium purum were sought preferentially on the sampling plots. However, in deteriorated and deforested
areas either these moss species could not be found at all, or not at the required number of spots. In order to avoid
leaving large gaps in the CZ net of sampling points, other moss species (Eurbynchium angustirete, Brachythecium
rutabulum or Brachythecium salebrosum) with a similar physiognomy to the preferred mosses were collected at nine
plots. The moss species that were collected at the individual sampling plots are stated in Appendix — Table 1. In the
CZ moss survey in 1995, the more dense moss species Hypnum cupressiforme was collected in disturbed landscapes.
Since this moss bio-indicator gave about 30 % higher contents of obligatory elements in CZ than Pleurozium
schreberi, collection of Hypnum cupressiforme was avoided altogether in the CZ moss programme in 2000.

The moss bio-indicators collected in 2000 are introduced in detail in the first part of this report (Sucharovd and
Suchara 2004a). Table 3 provides information about the proportions of the individual moss species in the total moss
specimens in 2000.

Moss species Number of Proportion (%) of
localities (N) total

1 Pleurozium schreberi 225 90

2 Scleropodium purum 15 6

3 Eurhynchium angustirete 4 1.6
4 Brchythecium rutabulum 4 1.6
5 Brachythecium salebrosum 2 0.8
Total 250 100.0

Table 3 Proportion of each moss species in the CZ moss monitoring programme in 2000

The element contents of the collected moss species were not calibrated, due to time limitations and their small
share in the analysed samples. In the CZ moss bio-monitoring programme in 1995, Pleurozium schreberi and
Scleropodium purum gave almost identical analytical results on the same plots, at least for the obligatory investigated
elements. Due to the similar physiognomy of the moss bio-indicators that were used, we can assume very similar
efficiency of element uptake from atmospheric deposition by these two bio-indicators.

2.2.3 PROCESSING OF SAMPLES

The samples were processed in a laboratory room the day after sampling, if possible. In exceptional cases, when
the samples could not be taken to the laboratory in time, they were stored in a cold place for up to two days (at
weekends). In accordance with the monitoring programme instructions, all necessary safeguards were taken to avoid
contamination of the samples during processing. All samples were handled by the same skilled staff, in order to avoid
any discrepancies due to different people processing the samples.

When processing the moss samples in order to analyse the apical parts, there was a high potential risk that the
upper parts could be contaminated with humus. A small amount of humus debris sometimes appeared on most basal
parts of Pleurozium schreberi plants. When the basal parts of the moss plants were pressed on to a sheet of filter paper
and drawn a few centimetres, a soiled trace appeared on the paper in some cases. It should be pointed out that the
concentration of the investigated elements in humus may be 5-20 times higher than in bryophytes, and even a small
content of humus may bias the bio-monitoring results. Therefore the green to yellowish sections of upper segments,
2-2.5-year-old parts of Pleurozium schreberi, were processed for the analyses. Moss samples of the other moss species
were processed in the same way. The samples were not touched by bare hands. The purity of the polyethylene gloves
and pads was checked frequently. Gloves were replaced when a dirty track appeared after dragging fingers on a white
pad of filter paper, and the pad was always replaced always after completion of the sample processing.

The moss fraction prepared for analysis was not washed. The processed samples were air-dried between two sheets
of filter paper in a dustless environment. Special care was taken to homogenize the samples before analysis. About
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1.5-2 litres of dry moss samples were powdered in a FRITSCH mill with a titanium rotor and a titanium mesh. The
mill was dismantled and all parts were cleaned with a brush, rinsed carefully with de-ionised water, dried and put
together again, always between samples. The homogenised sunk particles were equal or less than 0.2 mm in diameter.
Repeated test analyses showed that the homogeneity of the samples was acceptable for all determined elements. Until
analysed, the ground samples were stored sealed in polyethylene sachets.

2.2.4 CHEMICAL ANALYSES

Approximately 0.5 g of the dry (40°C) homogeneous samples was differentially weighed into Teflon PFA
pressure-relief type digestion vessels. A two-stage digestion procedure was used. The digestion of the samples in nitric
acid and hydrogen peroxide was performed in a CEM (MARS 5) assembly. Nitric acid (Merck, suprapure) and
hydrogen peroxide (Merck, suprapure) were used. After digestion, the samples were diluted to the defined volume
with de-ionised water. Three weights of each sample were digested in parallel. Each digested sample was measured
three times.

The Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, Pr, Rb, Sb, Se, Sn, Sr, Th, TI, U and Y contents in the samples
were determined by means of ICP-MS, PE Elan 6000. The concentrations of all measured elements in all samples
were above the detection limits of the method that was used.

In order to determine the total nitrogen, three weights of each moss sample were weighed in teflon vessels in
parallel. The powdered samples were digested in sulphuric acid and hydrogen peroxide (Merck suprapure) in the
CEM STAR System 2 microwave digestion device. The digestates were transferred into distillation vessels of the
Biichi B-324 distillation unit. Ammonium from the samples was released by addition of sodium hydroxide and
distilled in borite acid (Kjeldahl distillation method). Ammoborite complex was determined through titration,
using sulphuric acid.

The detection limits for the method were assessed as 3 x S.D. of the digestion blanks for dilution factor f= 100
and n = 10 (Table 4).

Element Detection limit Element Detection limit Element Detection limit

(pgg (pggh (pggh

Ag 0.0005 La 0.0005 Sn 0.004

Ba 0.03 Li 0.002 Sr 0.09

Be 0.0003 Mn 0.09 Th 0.0003

Bi 0.002 N 200 Tl 0.0001

Ce 0.001 Pr 0.0001 U 0.0004

Cs 0.0003 Rb 0.014 Y 0.0001

Ga 0.003 Sb 0.0004

In 0.0002 Se 0.03

Table 4 Detection limits of the analytical methods used (v/m = 100) for the moss analyses in 2000/2001

2.2.5 QUALITY ASSURANCE

The Laboratory of Trace Elements of the Research Institute for Landscape and Ornamental Gardening kept to all
elementary internal and external quality assurance rules.

Each series of 12 digested and analysed samples included the measurement of one blank and two reference
materials, or of a moss standard laboratory material.

The changes and trends in the course of the analyses were checked via regulation diagrams (Montgomery 1985).
During the analysis, if a blank or if the standards exceeded the regulation limits for any element, then all steps of the
digestion process and the specimen measurements were immediately rechecked until the reasons for the biased
analysis were found and then removed. When the whole process was again functioning properly, the previous series
was measured again before continuing with the others.

The following reference materials were used for checking the ICP-MS determinations of the optional element
contents in 2000/2001 in CZ:
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e TAEA Lichen 336, reference concentration for the following elements: Ba, Cs, La, Mn, Rb, Sb, Se

and Sr.
e [AEA Hay — V10, reference concentration for the following elements: Ba, Ce, Cs, La, Mn, Rb, Sb,
Se, Sr and Th.

e Moss reference material M1, M2 and M3: recommended values for the following elements: Ba,
Cs, La, Mn, Rb, Sb, Se, Sr and Th, and
indicated values for the following elements: Ag, Be, Ce, Ga, In, T1, U and Y (Steinnes et al. 1997).

The results of long-term determination of the certified elements in the most frequently used standard materials
for the optional elements are presented in Appendix—Table 4. However, for some elements (Li, Pr, Y) no suitable
plant reference material for checking the determination of these elements was available. Archived moss samples
M64/95 P.s. and M68/95 P.s. of Pleurozium schreberi from the Czech moss monitoring campaign in 1995 were used
as home laboratory moss standards in parallel.

Determinations of the total nitrogen content were checked by analyses of the reference materials NIST Spinach
Leaves 1570 and laboratory moss standards (Pleurozium schreberi) and WEPAL 100 Grass (GR94).

Cross checking of the determination of the investigated elements was carried out through the International Plant-
Analytical Exchange Programme by WEPAL (Wageningen Evaluating Programmes for Analytical Laboratories,
Wageningen University).

2.2.6 MEASUREMENTS OF BRYOPHYTE BIOMASS

In order to calculate absolute values of metal atmospheric deposition it is necessary to know the amount of
bryophyte biomass produced on a unit area in the given territory per year.

The biomass of bryophytes per square metre was measured under different microclimatic locations in CB, HK,
UL and SC at the beginning of December 2000 to assess the variability of moss production in CZ. A 15-cm wide
plate belt was bound and welded to form a square frame measuring 20 x 20 cm. Only Pleurozium schreberi
production was measured. Very poor and conspicuously mixed bryophyte populations were avoided, just as they were
during sampling for the monitoring programme. The area uncovered by the moss in the frame was assessed using a 5
x 5 cm wire net, and moss specimens were quantitatively collected from the area of 20 x 20 cm delimited by the
square frame.

The bryophyte specimens were processed in the lab as soon as possible. All moss plants were quantitatively
collected. Triennial segments were dried at 40°C in a thermostat at a constant weight and counted for the whole area
of 1 m% The mean moss production was calculated in grams of dry weight per 1 m? and year. The results of the
biomass production are utilised in Chapter 2.3.3.

2.2.7 DATA PROCESSING

To process the data properly, the following PC programmes were used:

. Microsoft Office — storage and elementary treatment of data.
. StatSoft Statistica — computation of all statistics, including basic statistics, correlation analysis,
cluster analysis and principal component analysis.

. Golden Software Surfer — graphical outputs (isoline maps, classed post maps, area computations).

A graphical programme with kriging and a linear variogram model was utilised (Jongman et al., 1996; Keckler,
1997) for depicting all sets of analytical data that were obtained. The classed post maps and contour maps were
constructed solely in accordance with the analytical results of the moss analyses for the individual sampling points in
CZ. Data along the state borders was interpolated solely between the CZ sampling plots, because the optional
elements have not been determined for moss samples from the plots monitored on the far side of the border.

The distribution of element contents in moss is depicted in maps using eleven concentration categories defined in
the map legends. The concentration ranges, defined by the published highest and lowest content of elements in moss
in Europe (Chapters 2.3.2.1 and 2.3.5), were divided into four intervals (Table 19). These concentration intervals
define concentration levels 1-4 for the elements in moss and the mean concentration levels for 22 elements
(Appendix—Table 2). The range of mean concentration levels was divided into four intervals I-IV (Table 20) defining
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low, moderate, high and very high general deposition rates of the investigated elements in CZ. Green, yellow, orange
and red shades correspond to a relatively low, moderate, high and very high content of a given element in moss, and
to low, moderate, high and very high expected deposition loads of elements, respectively. The element accumulation
levels in moss correlate highly with the element content in atmospheric deposition at the given sampling plots.
Hence, the relative or even absolute deposition loads of elements can be calculated from the moss element content.

The procedure for assessing the absolute element deposition loads (ug.m?.year") for a given locality through the
element content in moss (pg.g"') is discussed in Chapter 2.3.3.

2.3  RESULTS AND DISCUSSION

2.3.1 CONTENT OF ELEMENTS IN MOSS

The primary analytical results are available from the Laboratory of Trace Elements at Prithonice, and they have
been presented in the project report (Sucharovd et al. 2001). In this survey, the element contents in moss are stated
in Appendix—Table 2, in the form of content levels 1-4 (defined in Table 19) for the individual localities and
elements. Basic statistics for all analysed moss samples and for samples from the individual administrative regions can
be found in Tables 5-18.

This section presents and makes brief comments on the analytical and graphic results of the deposition patterns
of the individual elements (Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, N, Pr, Rb, Sb, Se, Sn, St, Th, T1, U and Y)
optionally investigated in the European moss monitoring programme. These elements are analysed here for the first
time in the Czech national campaigns. The analytical results of CZ bio-monitoring are presented in alphabetical
order of the chemical symbols of each element investigated here. At the beginning of the section dealing with each
element, basic geochemical information on the element is introduced in a brief, tabular form. The properties,
occurrences, contents in rock types, soil covers, water, plants, their toxic effects, etc., are briefly described for each
element. Additional information can be found in the special literature, e.g., Benes and Pabianové (1987), Fergusson
(1991), Fiedler and Résler (1993), Bene$ (1993-1994), Farago (1994), Bencko et al. (1995).

There follow some comments on the distribution of element contents in moss, as depicted in the inserted classed
post maps and isopleth maps. Hot spots and places of increased accumulation of the elements are listed. Differences
from the average CZ national means and medians of the average contents of the elements in moss collected in
individual administrative regions are depicted in bar diagrams.

The sources of high and increased element accumulations in moss in the listed sites of CZ are described in the
next part of the comments. The relevant real or potential sources of air pollution are listed.

In the final paragraph of the comments, the determined current content of the element in moss in CZ is
compared with published data from other countries.

The contents of all elements in moss, correlation analyses of the element contents, the factors influencing the
element content in moss, an estimation of the absolute deposition rates using element content in moss, and
a comparison of the element content in moss in CZ and in some other countries are evaluated and commented on in
independent chapters.
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Element | Min. Max. Mean S.D. Standard | Median Lower Upper Skewness | Kurtois
Error Quart. Quart.
Ag 0.014 0.128 0.034 0.016 0.001 0.030 0.023 0.040 2.015 6.254
Ba 6.02 69.8 21.4 10.7 0.676 18.9 14.744 24.739 1.944 5.099
Be 0.008 0.162 0.031 0.016 0.001 0.028 0.022 0.035 3.096 17.140
Bi 0.009 0.252 0.029 0.020 0.001 0.025 0.021 0.031 7.558 76.482
Ce 0.220 4.65 0.784 0.527 0.033 0.661 0.524 0.851 4.313 24.710
Cs 0.075 4.73 0.476 0.634 0.040 0.272 0.171 0.497 3.770 17.254
Ga 0.077 0.682 0.221 0.092 0.006 0.198 0.164 0.247 2.242 7.200
In 0.001 0.005 0.0016 0.001 0.000 0.0015 0.001 0.002 1.814 5.421
La 0.110 2.34 0.398 0.263 0.017 0.338 0.262 0.434 4.268 24.510
Li 0.111 1.89 0.348 0.215 0.014 0.301 0.232 0.391 3.279 15.287
Mn 34.9 1850 520 286 18.1 470 317 682 1.296 3.104
N 4 859 26 869 12 404 3282 208.0 11 881 9 864 14 309 0.829 1.078
Pr 0.026 0.541 0.090 0.061 0.004 0.076 0.059 0.099 4.338 25.053
Rb 3.02 109 25.9 20.4 1.029 20.8 10.7 32.6 1.649 3.062
Sb 0.018 0.903 0.118 0.064 0.004 0.111 0.090 0.133 7.625 90.589
Se 0.104 1.04 0.266 0.115 0.007 0.241 0.176 0.322 1.827 7.457
Sn 0.080 1.03 0.207 0.093 0.006 0.188 0.155 0.224 4.148 27.781
Sr 3.95 52.2 9.69 5.67 0.359 8.40 6.50 11.1 3.660 19.546
Th 0.027 0.808 0.108 0.085 0.005 0.090 0.069 0.119 5.319 37.265
Tl 0.009 0.479 0.049 0.045 0.003 0.037 0.024 0.057 4.728 36.367
U 0.009 0.162 0.036 0.020 0.001 0.031 0.025 0.040 2.841 11.443
Y 0.067 1.16 0.210 0.128 0.008 0.177 0.139 0.235 3.897 21.758
Table 5 Basic statistics for element contents (pg.g") in the CZ moss set (n = 250, for nitrogen n = 249) in 2000
Element Min. Max. Mean S.D. Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.016 0.062 0.028 0.009 0.002 0.026 0.023 0.031 2.187 6.343
Ba 7.39 36.6 17.1 6.39 1.15 15.6 12.5 21.7 0.950 1.454
Be 0.014 0.080 0.031 0.014 0.002 0.030 0.022 0.033 2.071 5.342
Bi 0.009 0.042 0.023 0.006 0.001 0.024 0.021 0.026 0.189 2.755
Ce 0.378 1.41 0.723 0.245 0.044 0.677 0.534 0.818 1.039 1.108
Cs 0.094 1.92 0.299 0.343 0.062 0.179 0.145 0.305 3916 17.418
Ga 0.130 0.454 0.212 0.073 0.013 0.198 0.152 0.236 1.759 3.907
In 0.001 0.003 0.0015 0.001 0.000 0.0014 0.001 0.002 0.862 0.287
La 0.193 0.704 0.368 0.124 0.022 0.348 0.273 0.419 0.985 0.899
Li 0.142 0.808 0.335 0.153 0.027 0.325 0.239 0.401 1.376 2.406
Mn 34.9 1303 560 281 50.5 539 378 698 0.717 0.828
N 7 540 19 484 12 629 3029 544.0 12 314 10 264 15092 0.369 -0.599
Pr 0.043 0.160 0.083 0.028 0.005 0.077 0.060 0.096 0.978 0.819
Rb 4.65 105 19.0 19.6 3.52 15.2 7.38 23.9 3.208 12.433
Sb 0.062 0.903 0.155 0.144 0.026 0.122 0.105 0.167 4.936 26.188
Se 0.140 0.508 0.266 0.083 0.015 0.262 0.208 0.306 0.948 1.126
Sn 0.108 1.03 0.226 0.156 0.028 0.192 0.170 0.243 4.829 25.415
Sr 3.95 16.6 8.45 2.99 0.537 7.85 6.16 9.83 0.815 0.278
Th 0.044 0.191 0.098 0.035 0.006 0.089 0.069 0.121 0.768 0.399
Tl 0.009 0.080 0.036 0.017 0.003 0.033 0.023 0.046 1.023 1.008
U 0.016 0.067 0.034 0.012 0.002 0.033 0.025 0.038 1.242 2.130
Y 0.105 0.363 0.199 0.068 0.012 0.181 0.145 0.252 0.779 0.055

Table 6 Basic statistics for element content in moss (pg.g") from the SC region (n = 31) in 2000
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Element Min. Max. Mean S.D. Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.014 0.035 0.023 0.005 0.001 0.022 0.020 0.026 0.817 1.279
Ba 10.2 37.2 20.4 7.22 1.444 20.3 15.2 23.6 0.640 -0.064
Be 0.012 0.052 0.024 0.010 0.002 0.022 0.017 0.029 1.091 1.346
Bi 0.014 0.028 0.021 0.004 0.001 0.021 0.019 0.025 | -0.229 -1.205
Ce 0.315 1.10 0.581 0.171 0.034 0.568 0.487 0.661 1.016 2.125
Cs 0.108 2.04 0.368 0.405 0.081 0.259 0.142 0.353 3.291 12.465
Ga 0.102 0.235 0.168 0.033 0.007 0.172 0.150 0.188 | -0.013 -0.214
In 0.001 0.002 0.0012 0.000 0.000 0.0012 0.001 0.001 0.237 0.092
La 0.160 0.544 0.293 0.084 0.017 0.290 0.245 0.330 0.960 1.971
Li 0.144 0.393 0.271 0.066 0.013 0.257 0.221 0.308 0.233 -0.432
Mn 96.6 1050 644 205 41.1 682 549 735 -0.401 1.099
N 4 859 14 084 9582 2030 406.1 9531 8335 10919 0.155 0.699
Pr 0.036 0.126 0.067 0.020 0.004 0.065 0.056 0.080 0.939 1.701
Rb 5.74 94.4 33.0 21.7 4.336 25.7 16.6 46.7 1.050 1.034
Sb 0.073 0.141 0.106 0.016 0.003 0.110 0.098 0.116 | -0.386 0.378
Se 0.116 0.233 0.158 0.027 0.005 0.156 0.139 0.172 0.821 1.425
Sn 0.118 0.198 0.168 0.023 0.005 0.173 0.154 0.184 | -0.675 -0.365
Sr 4.31 13.3 8.89 2.69 0.538 9.56 6.61 11.4 -0.178 -1.324
Th 0.041 0.152 0.087 0.028 0.006 0.085 0.065 0.104 0.364 -0.392
Tl 0.019 0.158 0.044 0.040 0.008 0.029 0.023 0.037 2.327 4.408
U 0.015 0.044 0.028 0.009 0.002 0.028 0.020 0.034 0.194 -1.044
Y 0.087 0.261 0.151 0.041 0.008 0.154 0.121 0.182 0.592 0.643
Table 7 Basic statistics for element content in moss (pg.g™") from the CB region (n = 25) in 2000
Element Min. Max. Mean S.D. | Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.015 0.076 0.027 0.013 0.003 0.023 0.019 0.032 2.621 8.854
Ba 6.02 29.5 16.3 6.13 1.34 16.2 12.5 20.4 0.218 -0.386
Be 0.008 0.072 0.021 0.013 0.003 0.020 0.014 0.024 3.012 11.514
Bi 0.011 0.163 0.028 0.033 0.007 0.019 0.018 0.023 3.862 15.848
Ce 0.220 0.806 0.467 0.147 0.032 0.488 0.370 0.534 0.354 0.090
Cs 0.084 3.48 0.412 0.749 0.163 0.151 0.104 0.328 3.810 15.677
Ga 0.077 0.242 0.147 0.042 0.009 0.140 0.118 0.168 0.326 0.003
In 0.001 0.005 0.0012 0.001 0.000 0.0011 0.001 0.001 4.123 18.097
La 0.110 0.404 0.239 0.074 0.016 0.246 0.186 0.272 0.314 -0.050
Li 0.111 0.340 0.199 0.058 0.013 0.197 0.159 0.218 0.740 0.463
Mn 237 1372 553 277 60.5 435 350 767 1.427 2.316
N 7221 16222 10 496 2 443 533.2 9774 9085 12019 1.021 0.515
Pr 0.026 0.093 0.054 0.017 0.004 0.056 0.044 0.061 0.388 0.113
Rb 3.03 61.2 19.4 16.8 3.66 13.4 6.02 24.7 1.361 1.252
Sb 0.074 0.239 0.113 0.035 0.008 0.106 0.097 0.119 2.513 8.361
Se 0.110 0.246 0.168 0.035 0.008 0.163 0.145 0.188 0.717 0.409
Sn 0.093 0.648 0.187 0.111 0.024 0.166 0.146 0.189 3.876 16.611
Sr 4.09 14.1 7.88 3.00 0.655 7.60 5.65 8.44 0.876 -0.281
Th 0.027 0.103 0.061 0.021 0.004 0.060 0.048 0.074 0.240 -0.232
Tl 0.010 0.130 0.032 0.027 0.006 0.024 0.019 0.032 2.803 8.572
U 0.009 0.081 0.024 0.015 0.003 0.022 0.018 0.026 3.073 11.952
Y 0.067 0.216 0.129 0.036 0.008 0.128 0.106 0.144 0.407 0.413

Table 8 Basic statistics for element content in moss (pg.g™) from the PL region (n = 21) in 2000
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Element | Min. Max. Mean S.D. | Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.015 0.040 0.023 0.006 0.002 0.022 0.019 0.028 1.238 2.466
Ba 12.1 57.7 25.4 13.1 3.39 19.6 16.9 32.1 1.466 1.732
Be 0.016 0.088 0.040 0.022 0.006 0.033 0.024 0.044 1.401 1.228
Bi 0.014 0.055 0.025 0.010 0.003 0.022 0.020 0.026 2.343 6.556
Ce 0.579 4.65 1.46 1.32 0.340 0.908 0.740 1.35 2.108 3.351
Cs 0.075 0.400 0.179 0.098 0.025 0.144 0.106 0.203 1.371 1.255
Ga 0.145 0.665 0.309 0.165 0.043 0.261 0.197 0.328 1.479 1.209
In 0.001 0.004 0.0017 0.001 0.000 0.0015 0.001 0.002 1.540 1.890
La 0.286 2.34 0.735 0.662 0.171 0.454 0.374 0.674 2.115 3.361
Li 0.263 1.29 0.624 0.340 0.088 0.500 0.375 0.869 1.100 -0.007
Mn 45.3 1342 569 377 97.5 661 255 872 0.253 -0.596
N 9126 20713 13 945 4086 1055.0 13790 10 164 18 066 0.354 -1.478
Pr 0.067 0.541 0.171 0.153 0.039 0.107 0.089 0.159 2.065 3.187
Rb 4.56 49.3 14.9 11.8 3.0 10.8 7.80 15.4 2.140 4.872
Sb 0.035 0.131 0.076 0.026 0.008 0.079 0.057 0.091 0.361 -0.010
Se 0.104 0.322 0.178 0.053 0.014 0.164 0.151 0.190 1.610 3.202
Sn 0.116 0.190 0.159 0.019 0.005 0.164 0.145 0.175 -0.551 0.278
Sr 5.38 29.0 12.6 7.20 1.86 10.6 6.65 18.4 1.053 0.254
Th 0.069 0.808 0.225 0.241 0.062 0.134 0.100 0.229 2.187 3.645
Tl 0.013 0.062 0.033 0.015 0.004 0.026 0.022 0.044 0.947 -0.281
U 0.023 0.162 0.055 0.046 0.012 0.031 0.029 0.052 1.641 1.195
Y 0.178 1.16 0.416 0.313 0.081 0.299 0.230 0.400 1.792 2.151
Table 9 Basic statistics for element content in moss (pg.g"') from the BN region (n = 15) in 2000
Element Min. Max. Mean S.D. Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.020 0.051 0.032 0.008 0.002 0.031 0.027 0.036 0.749 1.080
Ba 12.5 24.7 18.8 3.83 0.989 19.0 16.3 21.6 -0.071 -0.897
Be 0.020 0.057 0.031 0.009 0.002 0.030 0.025 0.032 1.877 4.750
Bi 0.018 0.033 0.026 0.004 0.001 0.026 0.022 0.029 -0.218 -0.375
Ce 0.500 1.26 0.791 0.176 0.046 0.795 0.667 0.892 1.089 2.854
Cs 0.142 1.12 0.345 0.255 0.066 0.277 0.187 0.396 2.306 6.078
Ga 0.172 0.276 0.230 0.032 0.008 0.227 0.203 0.261 -0.153 -1.147
In 0.001 0.002 0.0017 0.000 0.000 0.0016 0.002 0.002 0.388 -0.643
La 0.253 0.600 0.403 0.085 0.022 0.406 0.336 0.451 0.549 0.953
Li 0.249 0.515 0.366 0.073 0.019 0.346 0.328 0.396 0.632 0.089
Mn 261 903 558 203 52.3 547 365 717 0.251 -0.692
N 9624 16 583 11 857 2075 535.8 11 568 10 184 12710 1.199 1.000
Pr 0.058 0.160 0.094 0.023 0.006 0.091 0.078 0.102 1.446 3.825
Rb 9.19 78.0 28.0 18.3 4.73 26.9 11.5 39.0 1.473 2.890
Sb 0.093 0.159 0.124 0.016 0.004 0.122 0.113 0.135 0.310 0.467
Se 0.164 0.283 0.218 0.034 0.009 0.221 0.194 0.241 0.135 -0.280
Sn 0.151 0.296 0.211 0.038 0.010 0.207 0.191 0.221 0.971 1.415
Sr 5.98 12.5 8.87 2.30 0.595 8.26 7.14 11.9 0.416 -1.406
Th 0.073 0.349 0.122 0.065 0.017 0.108 0.095 0.119 3.549 13.271
Tl 0.023 0.079 0.045 0.016 0.004 0.041 0.034 0.061 0.733 -0.319
U 0.025 0.080 0.039 0.014 0.004 0.035 0.032 0.039 2.201 5.661
Y 0.139 0.303 0.219 0.053 0.014 0.213 0.170 0.255 0.338 -1.003

Table 10 Basic statistics for element content in moss (pg.g"') from the JI region (n = 15) in 2000
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Element | Min. Max. Mean S.D. Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.027 0.128 0.053 0.026 0.006 0.045 0.034 0.066 1.463 2.145
Ba 12.5 67.1 31.8 14.3 3.05 32.5 20.9 37.7 1.065 1.231
Be 0.012 0.069 0.033 0.012 0.003 0.032 0.026 0.041 0.881 2.186
Bi 0.018 0.094 0.037 0.019 0.004 0.030 0.025 0.040 1.759 3.457
Ce 0.358 2.32 0.794 0.412 0.088 0.713 0.544 0.858 2.641 8.912
Cs 0.157 1.35 0.387 0.264 0.056 0.318 0.231 0.391 2.630 8.169
Ga 0.118 0.451 0.256 0.086 0.018 0.242 0.216 0.290 0.855 0.642
In 0.001 0.005 0.0023 0.001 0.000 0.0022 0.001 0.003 1.018 0.923
La 0.183 1.17 0.400 0.207 0.044 0.361 0.277 0.431 2.659 8.983
Li 0.151 0.940 0.356 0.162 0.035 0.338 0.257 0.405 2.272 7.606
Mn 191 989 425 195 41.6 392 262 579 1.203 1.857
N 9529 17 745 12730 2000 436.5 12 364 12 046 13 460 0.829 1.437
Pr 0.042 0.270 0.092 0.048 0.010 0.083 0.062 0.099 2.693 9.242
Rb 5.48 31.5 17.7 7.90 1.68 17.7 10.2 24.4 0.245 -0.964
Sb 0.018 0.221 0.121 0.045 0.009 0.118 0.095 0.142 0.132 0.751
Se 0.162 0.431 0.265 0.083 0.017 0.273 0.196 0.314 0.624 -0.529
Sn 0.080 0.550 0.266 0.125 0.027 0.227 0.185 0.344 0.923 0.370
Sr 5.96 18.2 9.89 3.00 0.640 9.44 8.23 11.0 1.312 1.925
Th 0.045 0.300 0.105 0.053 0.011 0.094 0.071 0.115 2.626 8.933
Tl 0.024 0.132 0.062 0.033 0.007 0.045 0.037 0.077 0.889 -0.546
U 0.014 0.074 0.036 0.014 0.003 0.034 0.026 0.043 0.929 1.373
Y 0.102 0.574 0.232 0.100 0.021 0.216 0.161 0.260 2.030 6.034
Table 11 Basic statistics for element content in moss (pug.g"') from the OV region (n = 22, for nitrogen n = 21) in 2000
Element Min. Max. Mean S.D. Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.018 0.064 0.032 0.013 0.002 0.029 0.022 0.042 0.698 -0.413
Ba 8.09 34.2 19.0 7.25 1.32 17.2 13.3 24.9 0.376 -0.883
Be 0.016 0.162 0.039 0.029 0.005 0.028 0.024 0.052 3.010 11.131
Bi 0.016 0.252 0.037 0.042 0.008 0.027 0.022 0.038 5.028 26.588
Ce 0.434 2.38 0.891 0.499 0.091 0.668 0.564 1.09 1.799 3.098
Cs 0.084 2.71 0.585 0.625 0.114 0.337 0.206 0.537 1.992 3.725
Ga 0.123 0.617 0.246 0.111 0.020 0.204 0.173 0.300 1.705 3.154
In 0.001 0.003 0.0018 0.001 0.000 0.0016 0.001 0.002 0.904 0.009
La 0.227 1.30 0.462 0.265 0.048 0.344 0.286 0.534 1.821 3.234
Li 0.159 1.31 0.432 0.257 0.047 0.337 0.268 0.523 1.980 4.199
Mn 39.6 1849 570 435 79.4 436 262 795 1.218 1.225
N 8339 13 142 13 445 3927 717.0 12 826 10 143 14 644 0.800 -0.087
Pr 0.050 0.264 0.101 0.056 0.010 0.076 0.063 0.122 1.717 2.759
Rb 4.46 110 29.4 23.4 4.28 22.6 16.8 31.7 2.145 4.999
Sb 0.037 0.207 0.100 0.042 0.008 0.100 0.074 0.128 0.625 0.395
Se 0.163 1.04 0.378 0.170 0.031 0.344 0.257 0.473 2.065 6.927
Sn 0.113 0.658 0.208 0.107 0.020 0.182 0.149 0.213 2.841 10.416
Sr 4.23 52.2 14.3 11.4 2.07 9.70 7.29 17.2 2.034 4.242
Th 0.053 0.281 0.108 0.050 0.009 0.095 0.070 0.133 1.663 3.703
Tl 0.010 0.479 0.065 0.095 0.017 0.038 0.021 0.054 3.496 13.251
U 0.019 0.088 0.038 0.017 0.003 0.033 0.024 0.051 1.251 1.247
Y 0.105 0.525 0.221 0.112 0.020 0.175 0.138 0.263 1.384 1.032

Table 12 Basic statistics for element content in moss from the UL region (n = 30) in 2000
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Element Min. Max. Mean S.D. | Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.018 0.072 0.041 0.015 0.004 0.036 0.032 0.047 0.680 0.309
Ba 13.9 40.0 24.5 7.35 2.04 24.7 18.5 27.2 0.655 0.300
Be 0.015 0.066 0.034 0.015 0.004 0.033 0.025 0.038 0.947 0.470
Bi 0.019 0.035 0.029 0.005 0.001 0.031 0.026 0.033 -0.873 0.075
Ce 0.419 2.62 0.860 0.561 0.156 0.673 0.576 0.932 2.901 9.387
Cs 0.101 1.12 0.393 0.339 0.094 0.222 0.188 0.497 1.393 0.655
Ga 0.177 0.340 0.230 0.047 0.013 0.225 0.193 0.255 1.018 1.113
In 0.001 0.002 0.0017 0.000 0.000 0.0018 0.002 0.002 -0.679 -0.594
La 0.210 1.32 0.432 0.282 0.078 0.343 0.286 0.463 2.935 9.576
Li 0.150 0.587 0.360 0.134 0.037 0.330 0.255 0.479 0.297 -1.068
Mn 258 1009 493 196 54.3 484 401 517 1.574 3.577
N 9 434 17 482 12916 2852 791.1 11902 10716 15 648 0.651 -1.152
Pr 0.048 0.300 0.097 0.064 0.018 0.077 0.064 0.106 2.977 9.791
Rb 5.26 60.4 26.7 19.1 5.30 25.5 8.81 40.4 0.528 -1.114
Sb 0.063 0.154 0.119 0.028 0.008 0.118 0.103 0.143 -0.472 -0.578
Se 0.174 0.342 0.251 0.058 0.016 0.227 0.198 0.305 0.146 -1.693
Sn 0.129 0.294 0.216 0.051 0.014 0.216 0.191 0.253 -0.187 -0.835
Sr 5.57 15.5 10.7 2.89 0.801 11.2 8.98 12.1 -0.055 -0.446
Th 0.064 0.461 0.124 0.105 0.029 0.100 0.071 0.121 3.226 11.022
Tl 0.024 0.179 0.060 0.043 0.012 0.053 0.032 0.062 2.051 4.733
U 0.023 0.082 0.035 0.015 0.004 0.032 0.028 0.036 2.795 8.878
Y 0.121 0.601 0.229 0.121 0.034 0.201 0.167 0.226 2.716 8.419
Table 13 Basic statistics for element content in moss (pg.g"') from the OL region (n = 13) in 2000
Element Min. Max. Mean S.D. Standard | Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.024 0.066 0.041 0.012 0.003 0.039 0.033 0.050 0.465 -0.505
Ba 9.68 69.8 19.6 12.6 2.741 16.2 14.4 19.9 3.488 13.870
Be 0.016 0.040 0.026 0.006 0.001 0.026 0.022 0.031 0.325 0.065
Bi 0.018 0.048 0.030 0.007 0.002 0.030 0.026 0.033 0.778 0.745
Ce 0.386 0.923 0.603 0.145 0.032 0.562 0.498 0.677 0.578 -0.461
Cs 0.137 1.38 0.466 0.358 0.078 0.347 0.217 0.553 1.493 1.628
Ga 0.154 0.286 0.203 0.040 0.009 0.197 0.170 0.223 0.731 -0.373
In 0.001 0.002 0.0016 0.000 0.000 0.0016 0.001 0.002 0.475 -0.103
La 0.197 0.464 0.307 0.073 0.016 0.286 0.254 0.346 0.523 -0.517
Li 0.159 0.382 0.264 0.062 0.014 0.246 0.225 0.306 0.410 -0.674
Mn 126 1 801 552 372 81.3 511 354 698 1.982 5.629
N 8513 18 633 14 107 2692 587.3 14 224 12 034 16 475 -0.064 -0.496
Pr 0.044 0.105 0.069 0.016 0.004 0.066 0.057 0.077 0.574 -0.419
Rb 7.09 70.8 28.2 17.4 3.79 25.9 15.5 30.7 1.163 1.084
Sb 0.054 0.181 0.117 0.027 0.006 0.114 0.099 0.137 0.087 0.951
Se 0.227 0.546 0.333 0.076 0.017 0.322 0.279 0.348 1.296 2.013
Sn 0.129 0.310 0.201 0.050 0.011 0.191 0.177 0.229 0.587 -0.102
Sr 4.46 15.0 6.58 2.22 0.484 5.84 5.67 7.21 2.957 10.835
Th 0.051 0.166 0.083 0.025 0.006 0.084 0.066 0.089 1.711 4.817
Tl 0.020 0.134 0.057 0.029 0.006 0.050 0.036 0.062 1.290 1.572
U 0.021 0.051 0.031 0.008 0.002 0.029 0.026 0.035 1.129 1.050
Y 0.126 0.247 0.173 0.036 0.008 0.164 0.143 0.190 0.646 -0.421

Table 14 Basic statistics for element content in moss (pg.g"') from the HK region (n = 21) in 2000
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Element Min. Max. Mean S.D. | Standard | Median Lower | Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.020 0.086 0.040 0.018 0.005 0.035 0.027 0.045 1.488 2.334
Ba 8.42 66.6 21.7 14.3 3.98 18.4 14.0 23.4 2.873 9.398
Be 0.021 0.046 0.031 0.008 0.002 0.029 0.024 0.037 0.533 -0.407
Bi 0.020 0.047 0.032 0.009 0.003 0.028 0.024 0.040 0.388 -1.589
Ce 0.513 1.14 0.846 0.209 0.058 0.846 0.661 1.01 0.031 -1.426
Cs 0.135 0.663 0.328 0.184 0.051 0.298 0.171 0.468 0.639 -1.036
Ga 0.160 0.348 0.247 0.062 0.017 0.225 0.207 0.299 0.350 -1.218
In 0.001 0.003 0.0019 0.001 0.000 0.0019 0.002 0.002 0.117 -0.974
La 0.256 0.573 0.431 0.105 0.029 0.448 0.338 0.518 | -0.114 -1.407
Li 0.202 0.507 0.367 0.103 0.029 0.327 0.305 0.447 0.041 -1.391
Mn 146 727 419 195 54.3 397 302 579 0.068 -1.053
N 8209 26 869 14 854 4679 1297.6 14 636 11775 15 825 1.345 2.899
Pr 0.059 0.130 0.098 0.024 0.007 0.099 0.077 0.116 | -0.056 -1.539
Rb 8.55 52.4 25.1 15.2 4.22 21.0 10.3 32.6 0.588 -0.974
Sb 0.071 0.191 0.128 0.044 0.012 0.133 0.088 0.164 0.191 -1.362
Se 0.199 0.443 0.339 0.076 0.021 0.327 0.283 0.413 | -0.063 -0.844
Sn 0.120 0.384 0.231 0.093 0.026 0.205 0.153 0.317 0.534 -1.184
Sr 4.77 20.5 8.15 3.94 1.09 7.89 6.11 8.18 2.863 9.338
Th 0.073 0.192 0.117 0.035 0.010 0.114 0.086 0.137 0.625 -0.225
Tl 0.024 0.169 0.066 0.037 0.010 0.070 0.042 0.076 1.704 4.635
U 0.026 0.059 0.039 0.011 0.003 0.038 0.028 0.048 0.394 -1.221
Y 0.148 0.318 0.241 0.057 0.016 0.222 0.199 0.298 | -0.037 -1.405
Table 15 Basic statistics for element content in moss (ug.g"') from the PU region (n = 13) in 2000
Element Min. Max. Mean S.D. | Standard | Median Lower | Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.020 0.038 0.031 0.006 0.002 0.032 0.025 0.038 | -0.284 -1.164
Ba 19.8 55.6 32.6 12.5 3.76 30.1 21.3 44.6 0.890 -0.455
Be 0.019 0.083 0.042 0.021 0.006 0.036 0.024 0.063 0.986 -0.038
Bi 0.018 0.042 0.027 0.009 0.003 0.024 0.021 0.034 1.046 -0.204
Ce 0.463 3.42 1.35 0.938 0.283 0.968 0.850 1.36 1.600 1.694
Cs 0.094 0.321 0.194 0.077 0.023 0.189 0.116 0.254 0.170 -1.163
Ga 0.172 0.682 0.295 0.157 0.047 0.231 0.199 0.361 1.858 3.110
In 0.001 0.003 0.0017 0.001 0.000 0.0015 0.001 0.002 1.537 2.260
La 0.232 1.56 0.655 0.436 0.131 0.476 0.410 0.698 1.477 1.168
Li 0.210 1.89 0.614 0.504 0.152 0.420 0.305 0.630 2.025 3.949
Mn 262 720 480 142 42.7 474 351 599 0.085 -0.775
N 8983 18 247 13210 13 848 | 2905 13 848 10 647 | 14945 0.085 -0.689
Pr 0.052 0.382 0.154 0.107 0.032 0.112 0.093 0.156 1.562 1.432
Rb 4.72 23.6 9.73 5.57 1.68 8.43 6.28 10.7 1.833 3.415
Sb 0.018 0.092 0.068 0.022 0.007 0.071 0.060 0.086 | -1.291 1.999
Se 0.160 0.287 0.237 0.043 0.013 0.239 0.213 0.276 | -0.671 -0.509
Sn 0.084 0.239 0.171 0.049 0.015 0.185 0.118 0.206 | -0.482 -0.838
Sr 7.56 36.3 14.2 8.18 2.47 11.9 9.49 15.8 2.316 5.956
Th 0.056 0.478 0.180 0.127 0.038 0.128 0.100 0.209 1.591 2.185
Tl 0.018 0.044 0.028 0.009 0.003 0.024 0.021 0.032 1.062 0.080
U 0.018 0.085 0.039 0.020 0.006 0.031 0.024 0.039 1.398 1.539
Y 0.139 0.707 0.318 0.201 0.061 0.227 0.204 0.343 1.533 1.147

Table 16 Basic statistics for element content in moss (pg.g"') from the ZL region (n = 11) in 2000
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Element Min. Max. Mean S.D. Standard | Median | Lower | Upper | Skewness | Kurtosis
Error Quart. | Quart.
Ag 0.017 0.054 0.032 0.011 0.003 0.026 0.024 0.041 0.778 -0.570
Ba 7.74 21.7 15.4 4.57 1.27 15.6 12.4 20.0 -0.222 -0.840
Be 0.014 0.038 0.023 0.007 0.002 0.023 0.017 0.026 0.733 0.343
Bi 0.017 0.040 0.024 0.007 0.002 0.020 0.019 0.028 1.153 0.615
Ce 0.316 0.674 0.475 0.118 0.033 0.453 0.391 0.563 0.407 -0.982
Cs 0.133 4.73 1.32 1.70 0.471 0.412 0.213 1.91 1.312 0.055
Ga 0.105 0.231 0.150 0.038 0.011 0.142 0.122 0.171 0.839 -0.041
In 0.001 0.002 0.0012 0.000 0.000 0.0010 0.001 0.001 0.323 -1.924
La 0.166 0.345 0.245 0.060 0.017 0.234 0.203 0.296 0.389 -0.976
Li 0.175 0.355 0.251 0.054 0.015 0.255 0.192 0.279 0.289 -0.419
Mn 192 835 419 167 46.4 401 314 504 1.150 2.227
N 7126 11 679 9161 1230 341.0 9275 8955 9621 0.017 0.549
Pr 0.037 0.078 0.054 0.013 0.004 0.052 0.044 0.064 0.526 -0.659
Rb 7.67 105 48.6 32.4 8.99 39.4 20.0 66.1 0.382 -1.100
Sb 0.063 0.166 0.107 0.031 0.008 0.103 0.084 0.126 0.603 -0.239
Se 0.148 0.247 0.198 0.037 0.010 0.187 0.162 0.231 0.126 -1.659
Sn 0.119 0.271 0.192 0.046 0.013 0.180 0.158 0.210 0.456 -0.554
Sr 5.17 13.6 8.80 2.58 0.715 8.54 7.18 10.7 0.380 -0.582
Th 0.037 0.078 0.057 0.014 0.004 0.052 0.047 0.069 0.412 -1.138
Tl 0.014 0.087 0.031 0.018 0.005 0.026 0.022 0.030 2.788 8.802
U 0.014 0.036 0.023 0.006 0.002 0.023 0.019 0.027 0.545 -0.139
Y 0.084 0.183 0.115 0.031 0.009 0.103 0.093 0.128 1.207 0.626
Table 17 Basic statistics for element content in moss (pg.g"') from the KV region (n = 13) in 2000
Element Min. Max. Mean S.D. Standard Median Lower Upper | Skewness | Kurtosis
Error Quart. Quart.
Ag 0.022 0.087 0.043 0.017 0.004 0.039 0.031 0.049 1.122 1.184
Ba 10.6 51.8 23.1 11.9 2.73 19.3 13.5 29.9 1.295 1.173
Be 0.021 0.061 0.033 0.012 0.003 0.030 0.024 0.043 1.241 0.846
Bi 0.020 0.061 0.034 0.011 0.002 0.036 0.025 0.039 0.843 0.586
Ce 0.424 1.26 0.763 0.239 0.055 0.681 0.611 0.915 0.737 0.110
Cs 0.174 3.00 0.953 0.730 0.167 0.585 0.498 1.48 1.531 2.163
Ga 0.136 0.433 0.224 0.086 0.020 0.193 0.163 0.251 1.455 1.329
In 0.001 0.003 0.0018 0.001 0.000 0.0016 0.001 0.002 0.290 -0.635
La 0.218 0.657 0.392 0.123 0.028 0.357 0.321 0.454 0.805 0.370
Li 0.132 0.561 0.240 0.114 0.026 0.200 0.161 0.275 1.966 3.635
Mn 124 736 382 202 46.3 296 230 620 0.778 -0.865
N 9290 16 447 13173 2 054 471.1 14110 11 085 14 622 -0.325 -1.002
Pr 0.047 0.144 0.084 0.027 0.006 0.074 0.067 0.097 0.974 0.518
Rb 10.5 77.6 38.0 16.8 3.86 36.0 23.5 49.6 0.711 0.355
Sb 0.098 0.322 0.152 0.054 0.012 0.140 0.110 0.174 1.925 4.683
Se 0.270 0.593 0.405 0.089 0.020 0.401 0.341 0.471 0.063 -0.476
Sn 0.143 0.341 0.225 0.059 0.013 0.225 0.169 0.264 0.213 -0.821
Sr 4.20 11.2 7.70 1.92 0.439 7.78 6.54 8.70 0.081 -0.371
Th 0.058 0.209 0.109 0.044 0.010 0.093 0.080 0.130 1.147 0.544
Tl 0.016 0.149 0.068 0.043 0.010 0.052 0.032 0.101 0.571 -0.973
U 0.021 0.104 0.052 0.027 0.006 0.042 0.032 0.064 0.980 -0.426
Y 0.115 0.362 0.185 0.064 0.015 0.162 0.149 0.204 1.451 2.106

Table 18 Basic statistics for element content in moss (pg.g") from the LI region (n = 19) in 2000
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2.3.1.1 SILVER
Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
47 11 (IB) I 107.868 1.42
Ag Density Melting point Boiling point Earth crust Human body
(g.cm?) (°C) (°C) (mg.kg™) (mg.kg™")
10.490 961.78 2162 0.08 No data

a) Properties, occurrence and use — general

Selected chemical and physical properties of silver (Ag), an element in the group of Transition Metals, are
presented in the introductory table above. Two naturally occurring isotopes, 'Ag and '"Ag (natural abundance
51.8% and 48.2%) and about 35 radioisotopes of Ag are known. Ag is a relatively scarce element appearing either in
the pure form or bound in several minerals, e.g., argentite (Ag,S), argent pyrite (AgFe,Ss), argyrodite (AgsGeSg),
proustite (AgzAsS3), pyrargyrite (AgsSbS;), smithite (AgAsS,), stephanite (AgsSbSs), sylvanite [(Au,Ag);Tes],
xanthoconite (AgsAsS;), and others. Many silver (polymetallic) mines operated in CZ in the past (Pfibram,
Jachymov, Jihlava, Ceské Bud&jovice, Jindtichtiv Hradec, Kry$tofovo tdoli, Spindlertiv Mlyn, etc.). Basic igneous
rock and acid granitoids contain dispersed Ag in amounts of about 0.10 and 0.037 mg.kg™, respectively. Carbonates
and psamites contain very little Ag, only about 0.01 mgkg’ (Bene§ 1994). Typical concentrations of Ag in soil
covers and in fresh surface water is about 0.02-0.09 mg.kg'l and 0.3 pg "', respectively.

Ag is not an essential element either for plants or for animals. However, Ag is a biologically effective element.
Both elemental Ag and soluble Ag salts have disinfection effects (toxic effect) for bacteria, phytoplankton and algae.
Uptake of Ag by plants is usually low, even if the Ag concentration is high (gold mines, sewage sludge). Ag
concentrations in plants are within 0.06-0.3 mg.kg". Ag is accumulated mainly in roots (Hirsch 1998, Ratte 1999).
However, fungi can bio-accumulate high amounts of Ag in their bodies. For example, species of the order Agaricales
and Lycoperdales accumulate in their fruiting bodies 10-133 mg of Ag per kg (Byrne et al. 1979) and some vessel
plants, e.g. Eriogonum ovalifolium can accumulate similar amouts. Ag concentrations have been determined in some
compounds of an unpolluted beech (Fagus sylvatica) forest ecosystem on sandy gneiss moraine in Sweden. In leaves,
leaf litter, forest floor humus and mushroom fruiting bodies the Ag contents were 0.005-0.010, 0.024, 0.92 and
0.015-0.780 mg.kg™', respectively (Tyler 2005).

Beside the jewellery industry, Ag metal is utilised for the production of alloys intended for dental use,
electrotechnical compounds, galvanization, production of mirrors, etc. Some Ag is used for the production of special
Ag-Zn and Ag-Cd accumulators. Ag and its salts are utilised in the glass industry (painting of glass), the photographic
industry (production of films), the pharmaceutical industry (disinfection agents), and in other fields.

The uptake of Ag concentration that is toxic for man is reported to be about 60 mg.day'. Chronic intake of Ag
salts can induce malignant growths. In humans, ingestion of elemental Ag in a colloidal form can lead to a side effect
known as argyria. This causes a bluish-grey discoloration of the skin, other organs, deep tissues, nails, and gums.
Argyria is permanent, and cannot be treated or reversed. Other side effects due to the use of colloidal silver products
may include neurological problems (such as sudden nervous attacks), kidney damage, stomach distress, headaches,
fatigue, and skin irritation.

b) Distribution of Ag content in moss in 2000

The variability of current Ag content in moss in CZ is described by the basic statistics for moss analytical results
in Tables 5-18. The current content of Ag in the CZ moss samples ranged from 0,014-0,128 pg.g”'. The mean and
median values or the Ag contents in moss were 0.034 pg.g"' and 0.030 pg.g”, respectively.

The distribution of current Ag content in moss in CZ is depicted in the inserted classed post map and in the
interpolated isopleth map. The following areas of high Ag accumulation in moss are documented in these maps:

1. Ostrava district and the adjacent northern part of the Moravskoslezské Beskydy Mts, in
northeastern Moravia.
2. The surroundings of Pfibram, in the southwestern part of central Bohemia.

bt

The projections of the CZ border territory near Frydlant and Rumburk in northern Bohemia.
4. Mountain areas along the CZ borders in the northern part of CZ.
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5. Local spots in the Kru$né Mts and in the Sokolov district in western Bohemia, and between
Poli¢ka and Moravskd Ttebovd in northeastern Bohemia.

The remaining parts of the CZ territory show a low content of Ag in moss, even in many cases in considerably
industrialised and urbanised areas. Regional deviations of Ag content in moss in the individual regions in comparison
with the average Ag content in moss in CZ are depicted in Figure 3.

¢) Identification of potential pollution sources

Non-ferrous metallurgical plants, works producing and processing films and batteries, and some chemical plants
are considered as crucial Ag sources. The hot spots listed above can be explained by the operation of the following
pollution sources:

1. The operation of metallurgical and engineering plants producing and processing non-ferrous
metals.

2. A secondary lead smelter recycling electronic compounds and producing special non-ferrous-based
alloys.

3. Burning of enormous amounts of brown coal containing traces of Ag in the nearby Turéw power
plant, in Bogatynia, Poland.

4. A tendency toward increased Ag deposition in mountain areas due to greater wet deposition of
airborne aerosols carrying Ag. The bio-indicated high deposition loads in the Cervenovodské
saddle near the Czech-Polish border may be caused by a local geomorphological routing
movement of the air from the pollution sources of a former industrial centre in northeastern
Bohemia into this mountain saddle.

5. The very local influence of small engineering and chemical plants, factories producing electro-
technical compounds, etc.

The inserted colour picture documents the effect of the operation of the secondary lead smelter in Pfibram on the
distribution of Ag content in moss in the surroundings of this plant as determined in a special bio-monitoring
campaign in 1999 (Sucharovd and Suchara 2004c). Earlier deposition loads of Ag in this area are assumed to have
been markedly higher, because the lead smelter introduced new and more sophisticated technology in 1998.

d) Comparison with other countries

The mean Ag content in moss Pleurozium schreberi in southern Sweden was 0.103 pg.g” in 1975, while in 2000
the mean Ag content had decreased fivefold to 0.020 pg.g' (Riihling and Tyler 2004). The Ag content in Plerozium
schreberi from the Barents region was reported to be 0.025 pg.g” (Halleraker et al. 1998). The mean and median Ag
contents for Hylocomium splendens in Norway were published as 0.037 pg.g' and 0.030 pg.g”, respectively (Berg and
Steinnes 1997a). For the neighbouring Legnica—Glogéw and Silesia—Krakéw industrial centres in southern Poland,
the mean Ag contents in Pleurozium schreberi were found to be 0.09 pg.g' and 0.08 pg.g’, respectively. In the
control region, the Ag content in the moss was 0.03 pg.g”' (Grodziriska et al. 2003). In the Slovak Republic, the
mean and median Ag contents in moss in 2000 reached relatively high amounts of 0.140 and 0.120 pg.g”,
respectively (Marikovska et al. 2003, Florek et al. 2007). The substitute moss bio-indicators Pleurozium schreberi and
Hypnum cupressiforme accumulated Ag in Romania in the range 0.013-4.5 pg.g"' (Lucaciu et al. 2004).

Moss in the CZ territory contains on an average 1.4 times more Ag than moss in Scandinavia, amounts of Ag
comparable with those in Poland and four times lower than those in Slovakia. For further details, see Chapter 2.3.5.
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Figure 3 Relative deviations (%) of regional mean and median Ag contents in moss from the respective average
values for CZ as a whole

27



Acta Pruhoniciana 87, 2007

2.3.1.2 BARIUM

Symbol Proton Group IUPAC Oxidative Relative Electronegativity
number (European) states atomic weight (Allred-Rochow)
56 2 (ITA) 11 137.330 0.97
Ba Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
3.51 727.0 1870 340-380 0.30

a) Properties, occurrence and use — generally

Basic informative physical and chemical features of Ba are present in the introductory table. Ba occurs in eight
natural isotopes (the most abundant are **Ba, '¥/Ba, '**Ba, **Ba) and about forty radioisotopes have been recognized.
Ba is a typical lithophile element. Barite (BaSOj) and poisonous witherite (BaCO3) are the most frequent Ba-based
minerals in nature. However, Ba as an isomorphic element can be found also in other minerals and in higher
amounts in sediment rock types. Average Ba content in igneous rock is about 425 pg.g'. Ba is present in the CZ
granites in the range of 1 150-1 900 pg.g" and typical contents of Ba in metamorphic rock types of the Bohemian
Massif are 400-750 pg.g’ (Cadkovd and Mrizek 1987). Home coals contain on average 212 mg of Ba per
kilogramme, while Ba content in power plant ashes is stated to be about 890 mg.kg™ (Trebichavsky et al. 1997). The
average Ba content in the CZ soil covers is 600 mg.kg"' (Bene$ and Pabianovéd 1987).

For example, typical Ba concentrations in surface fresh water are 25-50 pg.I", the maximum allowed content of
Ba in drinking water in CZ is 1 000 pg.I"'. Very high concentrations of Ba have been measured in mine waters from
Silesian coal basin (Pluta 2001).

Biological function of Ba, mainly in plant bodies, is not sufficiently known. Ba is not considered to be an
essential element for any group of organisms. Natural Ba content in plants is ranging within 10-100 mg.kg™. Tyler
(2005) determined the respective Ba concentrations in beech leaves, litter, forest floor and mushrooms of an
unpolluted beech forest in southern Sweden 32-42, 64, 40 and 10-83 pg.g"'. High concentrations of free Ba in soil
solution (500 mg.1") are toxic for plants causing retardation of leaves and roots growth, leaf withering, reduction of
K and Ca leaf concentration, etc. (Chaudhry et al. 1977, Llugany et al. 2000). However, some organisms are known
to accumulate Ba, for example, the plant Bertholletia excelsa, protozoa Xenophyophora and plankton Chaetoceros
curvisetus and Rhizosolenia calcar-avis. As in the case of many other elements, the Ba concentration in the basal parts
of moss bodies is higher than in the apical parts. For example Leblond et al. (2004) found that the basal parts of
Scleropodium purum moss from France contained twice more Ba than the apical part of the moss (8:4 pg.g™").

Ba and its salts are commonly used as effective X-ray absorbers, in the production of flares (green light), white
pigment, special non-ferrous alloys (Ba-Al, Ba-Ni, Ba-Ti), Ba-based ,baths for heating and for enriching steels by
carbon, and also as a medium for magnetic records. It is used in the glass industry (production of screens), in
medicine (X-ray diagnostics), in pharmacology (depilatory preparations), and in other fields.

Dissolved barium (Ba*) is poisonous for plants and animals. Deaths have been reported after accidental or
intentional ingestion. LDs, for BaCl, and rats ranges between 132-277 mg.kg™. A hazardous Ba intake for humans is
about 200 mg.day'. Lower Ba concentrations accelerate evacuation of the digestive tract and stimulate the activity of
muscles, including the heart. Increased Ba in drinking water increases the cardiovascular mortality rate.

b) Distribution of Ba content in moss in 2000

Basic statistics for Ba moss analytical results are given in Tables 5-18. The current Ba content in moss in CZ was
found in the range of one order of magnitude (6.0-69.8 pg.g"'), and the mean value was 22 pg.g"'.

The distribution of Ba in moss in the CZ territory is depicted in the inserted colour classed post map and in an
isopleth map. The following areas of high accumulation of Ba in moss can be recognised:

Southern Moravia in the Bfeclav, Kyjov and Stdznice districts.

A larger area in the Ostrava district in northern Moravia.

Oirlické Mts in northeastern Bohemia.

The boundary area near Jablonec nad Nisou in northern Bohemia.

M S

Locally near the western edge of Brno, in southern Moravia.

28



Acta Pruhoniciana 87, 2007

A slightly increased content of Ba in moss was revealed in the Krusné Mts and in the district near Most in
western Bohemia and also, surprisingly, in the Sumava Mts and near Slavonice.

Moss accumulated more Ba in the area of Carpathian flysch bedrock types in the eastern part of Moravia, while
in Bohemia and western Moravia the Ba content in moss was usually low. Deviations of Ba content in moss in
individual districts from the average Ba content in moss in CZ are depicted in Figure 4.

¢) Identification of potential pollution sources
Ba pollution sources in CZ are not generally known. The distribution of spots of high Ba accumulation in moss
may be explained by the following potential pollution sources:

1.  Wind erosion and deposition of particles from local soil covers on sediments of west Carpathian
flysch containing Ba.

2. Soil and dust particles eroded from refuse heaps and waste dumps in the industrial and coal
maining area and metallurgical plants using Ba-based agents for production and processing of
noble steels and special alloys and industrial combustion of coal.

3. Local anomalies of the Ba cycling at denuded spots of high Ba content in Proterozoic metamorphic
rock types and erosion of derivated soil and humus floor covers.

4. The effect of the operation of the close Polish brown coal power plant at Bogatynia (soil dustiness
and flying coal dust particles).

5. High accumulation of Ba in moss in the Brno suburb can be associated with wind erosion of
carnonateous soil covers and increased industrial and urban dustiness caused by operation of local
engineering and chemical industries in the city.

The increased content of Ba in the brown coal basin in western Bohemia (Kru$né Mts and the Most region) is
associated with increased soil and ash dustiness caused by coal mining and the operation of local coal power plants.
Increased accumulation of Ba in moss in the Sumava Mts and in the Slavonice district may be explained by local
effects of increased cycling of Ba at spots with Moldanubian rock types that have an increased Ba content.

d) Comparison with other countries

The Ba contents in Pleurozium schreberi in south Sweden in 1975 and 2000 were 21.9 pg.g” and 15.2 pg.g™,
respectively, and the recent decrease in Ba content was significant (Riihling and Tyler 2004). Values of Ba content in
moss 21.8 pg.g” and 18.5 pg.g™ are stated for Hylocomium splendens from the Barrenland Nunavut (Chiarenzelli et
al. 2001) and for Pleurozium schreberi from the Barents region (Halleraker et al. 1998), and are comparable with the
Ba content in the CZ moss samples. Similar mean values of Ba content in Pleurozium schreberi were reportet from
the Silesia—Krakdéw (19 pg.g”') and Legnica—Glogéw (10 pg.g') industrial regions and from the control region (14
pg.g!) in Poland (Grodzirska et al. 2003). Surprisingly, higher Ba mean and median contents in Hylocomium
splendens 31 pg.g’ and 24 pg.g’ are reported from Norway (Berg and Steinnes 1997a). In Slovakia, the mean and
median amounts of Ba in moss have been reported to be as high as 61.1 and 51.4 pg.g”, respectively (Mankovskd et
al. 2003, Florek et al. 2007), which is three times more than in CZ. For the territory of France, the range and
median values of Ba content in mosses (5 species, most frequently Scleropodium purum) were published as 7.7-340.5
pg.g' and 30.8 pg.g' (Gombert et al. 2004). In a partial area of 90 x 90 km to the south of Paris, the Ba content
range and median in mosses (Scleropodium purum, Pleurozium schreberi and Eurbynchium praelongum) were 6.6—
106.7 pg.g' and 26.0 pg.g' (Amblard—Gross 2004). The range of Ba content in Hylocomium splendens and Hypnum
cupressiforme mosses in five sets of moss samples from Romania was 12-658 pg.g" (Lucaciu et al. 2004).

Chapter 2.3.5 provides further comparisons of the element content in moss in other countries.
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2.3.1.3 BERYLLIUM

Symbol Proton Group IUPAC Oxidative Relative Electronegativity
number (European) states atomic weight (Allred-Rochow)
4 2 (I1A) 11 9.012 1.47
Be Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg™) (mg.kg")
1.848 1287 2 469 1.900-2.000 0.0004-0.01

a) Properties, occurrence and use — generally

Some physical and chemical characteristics of Be, an alkaline earth metal, are stated in the introductory table.
Naturally occurring Be consists of one stable isotope *Be and about twelve radioisotopes, usually with an extremely
short half-life (except for °Be).

Be is a relatively rare lithophilous element usually spread in traces in rock matter. Be is present in higher amounts
in minerals such as beryl (Be3A;pSicOis), chrysoberyl (BeAl,Os), bromellite (BeO), and accompanies many other
minerals in traces. Meteorites usually show a significant Be content.

The average content of Be in igneous types of rock in CZ is about 0.5-5 mg.kg, in psamites and carbonates only
0.1 mg.kg" (Bene§ 1994). CZ coal and power plant ash typically contains 0.3-0.5 mg.kg™ and 10-30 mg.kg" of Be
respectively, while the highest Be content has been measured in coal from Sokolov. The CZ soil cover contains on an
average 0.4 mg of Be per kilogramme. Uncontaminated surface soils contain on an average about 1.42 mg.kg"
(Asami and Kubota 1995). Be is bound mainly to clay particles. However, soil covers near power plants can contain
up to 50 mg.kg™" of Be (Trebichavsky et al. 1998). Atmospheric deposition loads of Be are about 40-50 pg.m™.year™
in western Bohemia, while stream water contains about 1.5 pg.l", because acid rain can leach Be from rock and soil
covers (Krdm et al. 1998). Even higher concentrations of Be in small CZ streams were found in the Jdchymov and
Cheb districts in western Bohemia, in southeastern Bohemia in the Jindfichtv Hradec and Nov4 Bystfice districts, in
the Krusné Mts, the Jizerské Mts and the Orlické Mts in northern Bohemia (Majer and Vesely 1996). The release of
lithogenic Be from porphyritic granite in stream waters due to the operation of acid atmospheric derposition has
been determined in central Bohemina (Skfivan et al. 1994). The content of Be in well water in CZ is low, at about
0.0001 pg.I". Only water sources near Be geological anomalies, in former mining areas and near waste dumps may
have substantially higher amounts (0.04-0.4 pg.I").

Be is not known to be an essential element for any group of living organisms. The natural Be content in plants is
0.001-0.4 mgkg', and it is higher than the Be content in the respective plant soil substrate. Be concentrations
exceeding 8 mg.l" can totally inhibit seed germination (Kaplan et al. 1990a). About 95% of the Be taken up by
plants is retained in the roots. However, some plants, such as Betula pendula, Fraxinus excelsior, Larix decidua,
Vaccinium myrtillus and Vicia sylvatica, can accumulate higher amounts of Be. In a beech forest in a clean region of
Sweden, Tyler (2005) found Be concentrations for beech leaves, leaf litter, forest floor humus and mushroom fruiting
bodies in the amount of 0.006-0.010, 0.021, 0.055 and 0.0002-0.0039 mg.kg™, respectively.

Be is used for producing special alloys (Be-Al, Be-Ce), for special components of military and aeronautic devices,
for housings of pressure bombs, for nuclear reactors, computer compounds, mantles of propane-butane lamps, special
glasses and ceramics, etc. Atmospheric deposition of Be is anthropogenically intensified due to the release of Be from
the warm protective shields of satellites.

Be is dissolved in soil solutions and is toxic for plants in a concentration of 0.5-1 pg.I". Nearly all Be compounds
are toxic for animals and man, as they cause acute or chronic intoxication. Be may initiate inflammation of the lungs,
and may irritate the mucosa and skin, cause kidney and heart disorders, and block healing of wounds. Be has
carcinogenic effects, and inhalation of Be compounds can initiate berylliosis and lung cancer (Taylor et al. 2003).

b) Distribution of Be content in moss in 2000

The variability of the current Be content in moss in CZ is described by the basic statistics for moss analytical
results in Tables 5-18. The current Be content in moss in CZ was found to be 0.008-0.162 pg.g', while the average
Be content was about 0.031 pg.g”'.

The distribution of the Be content in moss in CZ is depicted in the inserted classed post map and isoline map.

The following areas of high or increased Be content in moss can be recognised:
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1. The brown coal basin, mainly in the Most district and in the adjacent part of the Krusné Mts in western
Bohemia.

2. Southern Moravia, between Uherské Hradist¢ and Valtice.

3. The western part of central Bohemia, bounded by Roudnice nad Labem, Rakovnik, Beroun and Kralupy
nad Vltavou, with a local hot spot near Kladno.

4. The boundary area near Frydlant, in northern Bohemia.

Local spots of increased accumulation of Be in moss were found near Bochov in western Bohemia, near Ttebi¢ in
southwestern Moravia, near Krdliky and Krnov in northwestern Moravia, and near Zlin in eastern Moravia. Small
contents of Be in moss were found in southwestern, northeastern and eastern Bohemia.

On about 60% of the CZ territory the Be content in mosses did not exceed 0.03 pg.g”. Figure 5 shows the
differences in average Be content in moss in the individual adnministrative districts.

¢) Identification of potential pollution sources

The cause of increased accumulation of Be in moss in CZ should be sought in the operation of coal power plants,
metallurgical and engineering works, and local geochemical anomalies.

The areas of bio-indicated increased Be deposition can be explained by the following factors:

1. The operation of brown coal power plants concentrated in the Most region in western Bohemia.

2. The large hot spot in southern Moravia is associated with wind erosion of soil covers on Carpathian flysch
sedimentary rock. However, the correct position of outcrops of probable clay sediments with a higher Be
content is not properly known.

3. Several potential sources of Be operate in this area: a coal power plant near Mélnik, the remaining
metallurgical and engineering plants in the former industrial centres in Kladno and Slany, lime and cement
works operating in the Beroun district, and erosion of the dust and slag deposits at the sites mentioned
above.

4. The border area near Frydlant is affected by the operation of the nearby Turéw brown coal power plant in
Bogytynia, Poland.

The remaining spots of increased accumulation of Be in moss may be explained by the effects of lithogenic Be
released from potassium-rich granites, syenites and sediments of Carpathian flysch (near Zlin). The latter site may
also be influenced by the operation of local industries in Zlin.

d) Comparison with other countries

The Be content in Pleurozium schreberi from the Barents region was determined to be below 0.03 pg.g'
(Halleraker et al. 1998), while in distinct Canadian moss species Be was accumulated in surprisingly high amounts of
0.33-0.35 pg.g" (Chiarenzelli et al. 2001). Berg and Steinnes (1997a) published mean and median Be contents in
Hylocomium splendens in Norway of 0.023 pg.g” and 0.019 pg.g”'. The mean amount of Be in moss in CZ is about
1.5 times higher than in moss from the cleanest parts of Europe in northern Scandinavia.
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2.3.1.4 BISMUTH

Symbol Proton Group IUPAC Oxidative Relative Electronegativity
number (European) states atomic weight (Allred-Rochow)
83 15 (VB) 111; V 208.980 1.67
Bi Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
9.780 271.3 1564 0.008-0.010 No data

a) Properties, occurrence and use — general

Bismuth (Bi) is a rather rare element in the Earth’s crust; it is a typical trace element. Although Bi is chalcophile
element, it tends to behave like a lithophile element. **Bi is the only naturally occurring isotope, while thirty-five
other radioisotopes of Bi have been recognised. Bismuthine [Bi,(CO3)O,], bismite (Bi,O3), bismuthinite (Bi,S;) and
wittichenite (Cu3BiS;) are the most important Bi minerals. Bi is present in many other minerals as an isomorphic
admixture. Substantial deposits of Bi have been found in polymetallic ores in CZ, e.g., in Jichymov and Pfibram.
Microorganisms can methylate Bi and create trimethyl Bi. This appears, for example, at landfills or in sewage gases
(Feldmann et al. 1999).

Bi is present in various rock types within the range 0.01-2.0 pg.g', and a higher content of Bi may appear in
some slates and conglomerates. On an average, the Bi content in igneous rock is about 0.17 pg.g”. CZ igneous rocks
contain Bi in amounts of about 0.07-0.01 pg.g” (Benes 1994). The average content of Bi in CZ coals is only 0.1 g.t"
and in coal ash 1.0 g.t' (Trebichavsky et al. 1998). The natural background of Bi contents for light and clay soils in
CZ are stated as < 0.30 and 0.6-1.0 mg.kg™, respectively (Bene§ and Pabianovd 1987). Soil organic matter tends to
adsorb and accumulate Bi. The content of Bi in drinking water in CZ is not known, and a very low Bi content is
assumed.

Bi has not been found to be an essential element for any group of organisms. The natural Bi content in vascular
plants is about 60 pgkg', despite the high toxicity of dissolved Bi in a soil solution (the Bi toxic limit is
approximately 27 mg.l"). In a beech forest in the clear area in Sweden the respective Bi concentrations in beech
leaves, litter, forest floor and mushrooms were found to be 0.004-0.007, 0.031, 0.092 and 0.0003-0.0009 pg.g"
(Tyler 2005). In comparison with other elements, the toxicity of Bi for animals is relatively low. For example, the
toxic intake limit for rats is 160 mg.day™. Bi uptake is very slow, and hence Bi intoxications are very rare. However,
high Bi input can cause kidney and brain disorders.

Bi and its compounds are used in the metallurgical industry for producing special alloys with low melting points
(e.g., Bi-Cd, Bi—Cu, Bi-In, Bi-Pb, Bi-Sn), ductile cast-iron and magnetic alloys (Mn-Bi), for producing catalysts,
thermocouples and carriers of nuclear fuel in nuclear reactors, for vulcanising rubber, and for producing glass and
ceramics. Bi is also frequently used in dental medicine, in the production of medications, cosmetics, pigments, etc.

Intoxications caused by Bi are rare. Nevertheless, Bi is a toxic element and can induce acute or chronic signs of
intoxication (encephalopathy, nausea, vomiting, abdominal pain, memory deterioration, renal failure, etc.) Bi is
concentrated in the kidneys, lungs, spleen, liver and brain. It is suspected to be toxic for the immune system. The
most toxic forms of Bi are chelates. Powder of Bi or Bi;O3 may cause irritation of the eyes, the respiratory system and
the skin. The LDso dose is 5g.kg™ for rats. The bacterium Helicobacter pylorus is known to be highly sensitive to Bi.

b) Distribution of Bi content in moss in 2000

The Bi content in the CZ moss samples ranged between 0.009 and 0.252 pg.g'. The mean and median values
were 0.029 and 0.025 pg.g”, respectively. Basic statistics for the Bi content in moss in CZ and in the individual
administrative regions is available in Tables 5-18.

The inserted colour classed post map and isoline map depict the distribution of Bi in moss all over CZ. The
positions of the following hot spots of increased Bi accumulation are shown in these maps:

1. The surroundings of Piibram, in the southwestern part of central Bohemia.
2. The surroundings of Dé¢in in northwestern Bohemia.

3. Near Frydek Mistek in northeastern Moravia.

High atmospheric deposition of Bi affected mainly the CZ part of the Black Triangle I and Black Triangle II
areas, and the surroundings of Pfibram. The introduction of sophisticated technology in the secondary smelter in
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Ptibram in 1998/1999 has substantially decreased the emissions of Bi and other elements (Ag, Cd, In, Pb, Sn, Zn,
etc.) Several local sites of increased Bi content in moss were found, e.g., in the brown coal basin and the adjacent part
of the Kru$né Mts in western Bohemia, in all mountains along the northern CZ/German and CZ/Poland border
areas (Luzické Mts, Jizerské Mts, Krkonose Mts, Orlické Mts, Jeseniky Mts., the northern part of the
Moravskoslezské Beskydy Mts), in the eastern part of the northeast Bohemian industrial region, and in southern
Moravia.

The remaining parts of the CZ territory show low Bi accumulation in moss, mainly in southern and southwestern
Bohemia, in the southeastern part of the Czech-Moravian highlands and, surprisingly, in the northern part of central
Bohemia. On about 80% of the CZ territory, the Bi content in mosses did not exceed a value of 0.035 pg.g"'. The
differences in average Bi content in moss in the individual administrative regions from the average Bi content in moss
in CZ are depicted in Figure 6.

¢) Identification of potential pollution sources

The cardinal sources of Bi are combustion of oils and coal, and production and processing of Bi-based alloys. The
positions of the main hot spots listed above can be explained by the operation of the following pollution sources:
1. The operation of a secondary lead smelter in Pfibram, where Bi is released when Bi is removed from lead,
and Bi is used as an additive in the production of special alloys with low a melting point.
2. Processing of metallic Bi and Bi-based scrap by the Aluminium company in Délin.
3. The operation of metallurgical and engineering plants processing non-ferrous metals.

Increased accumulation of Bi in moss in the Most district and in the Kru$né Mts is associated with the operation
of local brown coal power plants. The Luzické Mts, Jizerské Mts and Krkonose Mts are influenced by increased Bi
deposition from the nearby Turéw brown coal power plant at Bogatynia, Poland and by Bi leakage from the local
glassworks. All mountain areas may be under the influence of heightened wet deposition of Bi due to increased
precipitation. The Krkonose Mts, Orlické Mts, Jeseniky Mts and Moravskoslezské Beskydy Mts may be affected by
increased concentrations of airborne Bi from copper and non-ferrous smelters operating in southern Poland.
However, no further investigative measurements were performed. The northern part of the Moravskoslezské Beskydy
Mits is affected by metallurgical industries in the nearby Ostrava region. The bio-indicated increased Bi deposition in
southern Moravia can be explained by increased deposition loads of soil particles eroded from local arable soils.

d) Comparison with other countries

In southern Sweden the mean Bi content in Pleurozium schreberi in 1975 was 0.113 pg.g', while in 2000 the Bi
content had diminished sevenfold to 0.016 pg.g' (Rithling and Tyler 2004). The median of the Bi content in
Pleurozium schreberi from the Barents region is stated to be 0.014 pg.g”!, nearly half of the CZ median (Halleraker et
al. 1998). For Norway, the mean and median published Bi contents in Hylocomium splendens were 0.033 pg.g” and
0.019 pg.g*, respectively (Berg and Steinnes 1997a).
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2.3.1.5 CERIUM
Symbol Proton Group IUPAC Oxidative Relative Electronegativity
number (European) states atomic weight (Allred-Rochow)
58 Lanthanide 1L, IV 140.116 1.08
Ce Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg™) (mg.kg™)
6.689 795 3 360 60-65 No data

a) Properties, occurrence and use — general

Cerium (Ce) is a moderately abundant element on Earth. Four naturally occurring isotopes **Ce (0.2%), **Ce
(0.2%), '°Ce (88.5%), '*Ce (11.1%) and about twenty-five radioisotopes of Ce are known. It is the most abundant
element of the lanthanides, to which Ce is assigned. Ce can be found in greater amounts in the minerals allanite
(orthite) [(Ca,Cela,Y),(AlFe)3(SiO4)s(OH)], bastnesite [(La,Ce)FCO3], monazite [(Ce,La,Y,Th)PO4], and parisite
[Ca(Ce,La,Nd)>(CO3)3F,]. A lower content or traces of Ce are found in other minerals. Ce is accompanied by other
lanthanides, such as La, Th, and Y, because they can substitute each other in the crystalline structures of minerals and
compounds.

A low content of Ce has been found in ultrabasic igneous rock (0.1 mg.kg"). An increased content of Ce has been
observed in some types of granitic rock (95-160 mg.kg™") and sea sand sediments. In contrast, carbonates show a low
Ce content, only about 12 mg.kg" (Benes 1994). The typical Ce content in soil covers is about 50 mg.kg!, while in
sea and stream waters Ce is present in small amounts of about 6x10~ and 12x107 mg.| ', respectively.

Ce is not considered an essential element for any group of organisms on Earth. However, there is little knowledge
about the biological functions of this element. Ce is known to be able to initiate floral and reproductive growth in
some plants (He and Loh 2000). The common content of Ce in plants is within the range 0.25-0.55 mg.kg™". The
content increases with the age of the leave tissue. However, some plant species, e.g., trees of the genus Carya can
accumulate higher amounts of Ce in their bodies. In an unpolluted beech forest in Sweden the Ce concentrations in
beech leaves, litter, forest floor and mushrooms were determined to be 0.066-0.235, 0.700, 1.74 and 0.0028-0.020
pg.g', respectively (Tyler 2005).

Ce is used in the production of magnetic alloys (Ce-Co), pyroformous alloys (Ce-Fe, Ce-La-Nd-Fe, Ce-Al, Ce-
W) for lighters, absorbents of hydrogen (Ce-Ni), for brightening and polishing glass and mirrors, in the production
of catalysts, luminescence pigments, and also for the nuclear and pharmaceutical industries, and others.

Ce is sometimes classed as a mildly toxic element that promotes metabolic processes, while sometimes it is
considered as a toxic element. Contact with Ce can cause itching, skin lesions and sensitivity to heat. Salts of Ce may
contain traces of radioactive thorium. In any event, intoxication by Ce is very rare.

b) Distribution of Ce content in moss in 2000

The current Ce content in moss was found in a large range 0.22-4.65 pg.g”, and the average content was about
0.903 pg.g'. Basic statistics for analytical results of moss samples from the individual administrative regions is
avaliable in Tables 6-18. The distribution of Ce content in moss in CZ is shown in the inserted classed post map
and in the isopleth map.

The inserted maps show the following hot spots of increased Ce accumulation in moss in CZ:
1. Southern Moravia between Krométiz and Mikulov.
2. The brown coal basin in western Bohemia and the adjacent part of the Krusné Mts.
3. Very locally near Krnov in northeastern Moravia.

A moderately increased content of Ce in moss was revealed between Roudnice nad Labem and Beroun in the
western part of central Bohemia, in the border area near Frydlant in northern Bohemia, in northeastern Bohemia
between Pardubice and Lanskroun, around Novy Ji¢in in northeastern Moravia, and in southeastern Moravia in the
Zlin region.

In contrast, the lowest content of Ce in moss was found in southern and southwestern Bohemia and in northern
Bohemia and Moravia, mainly in the mountain areas (the Krkonose Mts, Orlické Mts, Jeseniky Mts, and the
Moravskoslezské Beskydy Mts). Figure 7 shows the difference in the average Ce content in moss in the individual
administrative regions from the average Ce content in moss in CZ.
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In order to find the distribution of elements in moss in southern Moravia (hot spot number 1) in greater detail,
special monitoring campaigns were carried out in 2002-2003 using Hypnum cupressiforme as a moss biomonitor
(Sucharovd et al. 2003). The inserted colour picture specimen shows the area distribution of the measured Ce
content (n = 63 sites) and the interpolated Ce content (content isopleths) in the moss in southeastern Moravia in
2003. This distribution of Ce content in the moss reflects mainly the current deposition rates of eroded soil particles
from the local soil covers.

¢) Identification of potential pollution sources
It is striking that the positions of the Ce hot spots correspond with sites with high dustiness. As Ce is a typical
Earth element, its sources may be identified easily according to soil dustiness.
1. Wind erosion and transport of particles from soil covers of sandy sediments of Carpathian flysch.
2. Dustiness associated with extraction of brown coal and the operation of brown coal power plants in the
brown coal basin and the adjacent area.
3. The effect of sedimenting soil and urban dust particles in the suburb around the sampling plot, which is
pootly covered by trees. The urban dust may be influenced by emissions from local plants producing
electro-technical compounds and screens.

The bio-indicated increased deposition of Ce in the western part of central Bohemia is associated with coal
extraction and with the operation of a coal power plant, a metallurgical plant and the extraction of calcareous
sediments, as well as lime and cement production. The Frydlant district is affected by extraction of brown coal and
the operation of the nearby brown coal power plant in Bogatynia, Poland. The industrial part of northeastern
Bohemia can be influenced by the operation of a brown coal power plant and the operation of chemical and
engineering plants. Metallurgical plants are in operation in the Novy Ji¢in district, and engineering plants in the Zlin
region.

d) Comparison with other countries

The mean Ce content in moss Pleurozium schreberi from southern Sweden decreased threefold from 1.00 to 0.36
pg.g”, in the period 1975-2000 (Riihling and Tyler 2004). The range of Ce content in Pleurozium schreberi in areas
affected by high and low traffic density in Finland was stated to be 1.69-27.4 and 2.54-7.23 pg.g’, respectively
(Niemeld et al. 2007). A wide range of Ce content 0.43-15.15 pg.g”" was also published for Canadian moss species,
while for Hylocomium splendens in the Central Barrelands the Ce content was found to be as low as 0.43 pg.g’
(Chiarenzelli et al. 2001). From Norway, the respective mean and median Ce values in Hylocomium splendens were
stated to be 1.1 pg.g' and 0.81 pg.g'. The respective median Ce content values in Pleurozium schreberi from the
Silesia—Krakdéw and Legnica—Glogéw industrial regions were 5.6 pg.g” and 1.1 pg.g'l, while in a control region in
Poland the values were only 1.0 pg.g' (Grodziriska et al. 2003). The Slovak Republic has stated mean and median
Ce contents in moss of 3.91 and 2.54 pg.g™, respectively (Maiikovskd et al. 2003, Florek et al. 2007). Mosses in CZ
accumulated on an average five times less Ce than mosses in Slovakia. In five sets of moss samples of Hylocomium
splendens and Hypnum cupressiforme from Romania the content of Ce was found to be 0.68-43 pg.g”' (Lucaciu et al.
2004). For additional details, see Chapter 2.3.5.
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2.3.1.6 CAESIUM

Symbol Proton Group IUPAC Oxidative Relative Electronegativity
number (European) states Atomic weight (Allred-Rochow)
55 1 (IA) 1 132.905 0.86
Cs Density Melting point Boiling point Earth crust Human body
(g.cm™) °C) °C) (mg.kg") (mg.kg")
1.879 28.44 671 1.90 0.020

a) Properties, occurrence and use — general

Selected physical and chemical properties of caesium (Cs) are presented in the introductory table. The alkaline
metal Cs appears naturally only in the form of one stable isotope '**Cs. About forty radioisotopes of Cs are known,
mainly '¥Cs, which is a product of thermonuclear explosions. It is frequently tracked in the environment, mainly
after the Chernobyl accident in 1986. Cs has chemical properties similar to those of potassium. Due to its high
reactivity, Cs does not occur in the pure form in nature. Cs can be found in higher amounts in the minerals pollucite
[(Cs,Nay)(AlLS1401,).2H,0] and lepidolite [KLi,Al(AlLSi)5010(F,OH).]. However, Cs is typically a dispersed element
rather scattered in rock matter. For example, near Piibram in central Bohemia the Cs content in the local rock types
is 1-7 mg.kg" (Kominek 1995a, 1995b). Benes (1994) stated a Cs content in ultrabasic igneous rock and carbonates
of about 0.1 pg.g”, in acid granitites of about 4.0 mg.kg”, and in pelites of 5.0 pg.g”. Cs has a strong tendency to
bind with soil clay minerals. In topsoils and subsoils, Cs contents correlate closely with Rb, Th, T1, U, Be. The usual
content of Cs in soil covers is 1-25 pg.g”. Surface fresh water contains about 0.05 pg of Cs per litre. Cs* is a weak
Lewis acid that exhibits a low tendency to form complexes with ligands, and it exists in solutions as monovalent Cs*.
The behaviour of Cs in the environment is very similar to that of Rb.

Hitherto Cs has not been known as essential element for any group of organisms on Earth. However, K*
competes for influx and utilisation of Cs" in bacteria and plants, because the uptake is mediated by the same
molecular mechanisms (White and Broadley 2000). Some soil bacteria can easily take up high amounts of Cs from
the soil, and they are resistant to accumulation of Cs in their bodies. Cs adsorbed on pectins of moss species can be
very effectively desorbed by a 5% solution of ammonium oxalate and phosphoric acid (Nedo¢ and Dragovi¢ 2006).
The typical content of Cs in plants is 0.2-1.0 pg.g”, and it usually decreases in plant leaves in the course of a season.
Accumulation of Cs in plants decreases in the order leaves > stems >roots. Tyler (2005) determined the respective
concentrations of Cs in beech leaves, litter, forest floor and mushrooms as 0.184-0.305, 0.498, 0.405 and 0.1-22.5
mg.kg! in an unpolluted beech forest.

Cs has not been much used industrially. It is helpful in optoelectronics (optical computers) and as a catalyst in
hydrogenation reactions in the chemical industry. In medicine, it can be used for treating malignant tumours. Cs is
also utilised for very exact time measurement, as its electrons make transitions between spin states very regularly.
137Cs measurements are used for quantification of erosion and for redistribution rates of soil covers.

An adult human (80 kg) contains only 1.6 mg of Cs. Excessive Cs may be toxic for plants and humans. Increased
accumulation of natural isotopes of Cs in mustard (Brassica juncea) affected the spectral reflectance of the leaves, due
to changes in the pigment concentrations and internal structure of the leaves (Su et al. 2007). Irritation of skin and
eyes are known. Serious intoxication is known only from experimental exposure of animals. The lethal dose of Cs
LDsy (rats) is relatively high at 1 780 mg.kg™. It is recognised as a moderately toxic element. Expelling potassium, Cs
toxicity causes irritation and cramps. Inhalation of 'Cs produces lung cancer. The toxicity of Cs to plants is
explained either by extracellular Cs* preventing K* uptake and thereby inducing potassium starvation, or by
intracellular Cs* interacting with vital K*-binding sites in proteins, either competitively or non-competitively, and
impairing their activities. The radioisotopes of **Cs and '¥’Cs are of environmental concern due to their emissions of
harmful B and y radiation, their relatively longhalf-lives and their rapid incorporation into biological systems and
food chains. The biological residence time of '¥Cs in lichen and moss species in Turkey was 59 months and 11
months, respectively (Topcuoglu et al. 1995).

b) Distribution of Cs content in moss in 2000

The CZ moss samples contained Cs in the range of 0.075-4.73 pg/g. The mean and median values were 0.476
pg.g' and 0.272 pg.g’, respectively. Tables 6-18 provide data on the basic statistics for moss samples from the
individual administrative regions.
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The distribution of total Cs content in moss in CZ is depicted in the inserted classed post map and in the
isopleth map of the interpolated Cs content in moss in the CZ territory. The following areas of highly accumulated
Cs content are shown in the inserted maps:

1. The Jachymov - Sokolov district in western Bohemia.

2. The Sumava Mts, mainly near Zelezn4 Ruda in southwestern Bohemia.
3. The Jizerské Mts and the western Krkonose Mts in northern Bohemia.
4. The Krusné Mts, mainly near Vejprty in western Bohemia.

A very locally increased accumulation of Cs in moss was revealed near Strdz pod Ralskem in northern Bohemia,
in Jevany in central Bohemia, and in Nov4 Bystfice in southeastern Bohemia.

A very low Cs content in moss was found in western and southeasterm Moravia, in southwestern, northeastern
and parts of southern Bohemia. In general, Cs accumulation in moss is lower in Moravia than in Bohemia. In about
80% of the CZ territory, the Cs content in moss did not exeed 0.6 pg.g". Differences in the average Ce content in
moss in the individual administrative regions and a comparison with the average Ce content in moss in CZ are
depicted in Figure 8.

¢) Identification of potential pollution sources
A combination of several factors that amplify the effect of the bedrock are probably operating in the bio-indicated
Cs hot spots.

1. Eroded soils on Cs-rich granitoids, former extraction of polymetallic ores and uranium ore, extraction and
combustion of local brown coal, operation of thermal springs (Karlovy Vary).

2. Wind erosion of soil covers on granitoids that are rich in Cs.

3. Erosion of Cs-rich bedrock types and soil particles, the operation of a local glassworks and the effect of
dustiness associated with the operation of the nearby power plant in Bogatynia, Poland.

4.  Weathering of Cs-rich bedrock, increased wet deposition, accumulated Cs in the litter of forest trees.

Increased accumulation of Cs in moss is evidently associated with bedrock types containing high amounts of Cs
at all listed sites. On the plot near Stréz pod Ralskem, leaching and extraction of uranium on mining plots may have
increased the release of associated Cs from the local rocks. The mechanism by which mosses become contaminated
by Cs from bedrocks is not clear. We assume that the natural circulation of matter in the forest ecosystem plays a
crucial role. Trees take up Cs through their roots, and litter distributes Cs in the forest floor. Wind erosion transports
litter and humus debris containing high amounts of Cs on to the moss carpets. The same mechanism may control
the content of other large-ion lithophile elements (LIL) in moss. The small effect of industrial emission sources on
atmospheric deposition loads of Cs supports the findings of long-term biomonitoring in Scandinavia. For example,
in the period when there was a general decrease in industrial pollution and long-range transport of pollutants in
Europe, between 1975 and 2000, the Cs content in moss Pleurozium schreberi in southern Sweden did not decrease

significantly, in contrast to most of the other elements. The average Cs contents in 1975 and 2000 were 0.69 pg.g"
and 0.51 pg.g”, (Rithling and Tyler 2004).

d) Comparison with other countries

In the period 1975-2000 the Cs content in moss Pleurozium schreberi in southern Sweden did not decrease
significantly, in contrast to the levels of most other elements. The respective Cs mean contents in 1975 and 2000
were 0.69 pg.g' and 0.51 pg.g' (Rithling and Tyler 2004). Hylocomium splendes in the Central Barrenlands
accumulated Cs in amounts of about 0.17 pg.g', while distinct Canadian moss species contained 0.04-0.79 pg.g"
(Chiarenzelli et al. 2001). Berg and Steinnes (1997a) published mean and median Cs values for Hylocomium
splendens of 0.26 pg.g” and 0.18 pg.g™, respectively. Median Cs contents in Pleurozium schreberi were reported from
the Silesia—Krakéw (0.79 pg.g') and Legnica-Glogéw (0.41 pg.g”') industrial regions and from the control region
(0.20 pg.g") in Poland (Grodzifska et al. 2003). The published figures for the range and mean Cs content in moss
Pleurozium schreberi from Ile—de—France were 0.1-0.9 pg.g” and 0.3 pg.g”, respectively (Galsomiés et al. 2003).
Near Paris the range and mean for Cs content in mosses (Scleropodium purum, Pleurozium schreberi and Eurbynchium
praelongum) were 0.05-1.73 pg.g' and 0.44 pg.g', respectively (Amblard-Gross et al. 2004). Hylocomium splendens
and Hypnum cupressiforme from five regions in Romania contained Cs in the range of 0.019-3.4 pg.g” (Lucaciu et al.
2004). The activity of radioisotope '”’Cs in moss and lichen samples from the Antarctic region covered a wide range
from 4.1+0.4 to 7423 Bq.kg' (Mietelski et al. 2000). See also Chapter 2.3.5.
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Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
31 13 (I1IB) 111 69.720 1.82
Ga Density Melting point Boiling point Earth crust Human body
(g.cm™) °C) °C) (mg.kg") (mg.kg")
5.904 29.76 2 204 19.000 No data

a) Properties, occurrence and use — generally

Basic information about selected physical and chemical properties of Ga is given in the introductory table.
Natural Ga comprises two stable isotopes “Ga and 7'Ga (60.1% and 39.9%). About twenty Ga radioisotopes are
recognized. In the Earth’s crust Ga is a moderately abundant element. However, Ga does not occur in the pure form
or as a major element in minerals. Admixed Ga can be found frequently in gallite, and it regularly occurs in small
quantities in sphalerite, pyrite, bauxite, germanite and some other minerals. Ga is obtained as a by-product of
processing these minerals. Pure Ga cannot be dissolved in nitric acid because Ga;Os provides a protective cover.

The Ga content in igneous types of rock is 1.5-30 mg.kg' and increases from ultrabasic to acid granitoinds
(syenites), psamites, while carbonates contain Ga only in amounts of about 0.12 mg.kg" (Bene§ 1994). Ga is an
element that is not accumulated in forest floor humus. For example, the Ga content (median) in soil horizons O, B,
C and rock types in southern Norway was 4.25, 5.9, 4.64 and 5.5 mg.kg™, respectively (Reimann et al. 2007a). Soil
covers show a Ga content in amounts of 0.1-10 mg.kg". Ga in fresh surface waters is stated to be in concentrations
of about 0.15 pg.I". (De Vos and Tarvainen 20006).

Ga has not been found to be a special element for any group of organisms on Earth. However, stimulation effects
of Ga traces on some organisms have been revealed. For this reason, Ga may be included among the biogenous
elements. The natural content of Ga in vessel plants is 0.01-0.23 mg.kg™, and the Ga concentrations in plant leaves,
like Si concentrations, tend to increase with the age of the leaves. Tyler (2005) determined Ga concentrations of
0.032-0.130, 0.211, 0.408 and 0.016-0.060 mg.kg™, respectively, in beech leaves, litter, forest floor humus and
mushrooms in an unpolluted beech forest in Sweden.

Ga and its alloys (Ga—As, Ga—P, Ga—Sb) are frequently used in optoelectronics (shine diodes and semiconductor
lasers) and in electrotechnology (electroluminescence, semiconductors). Glassworks use Ga compounds for
producing very bright mirrors. Huge quantities of Ga in underground basins serve as a medium for recording the
passing of neutrinos. More frequent utilisation of Ga may be anticipated in medicines for treating some types of
cancer, and in the nuclear energy sector as a sorbent of heat energy.

The toxic dose of Ga for rats is stated to be as high as 10 mg.day™. The radioisotope *Ga is accumulated in large
amounts in cancer cells of the bone tissue. Toxicity of Ga for plants and animals has not been reported. However,
gallium arsenide (GaAs), frequently used semiconductor material, can be highly toxic.

b) Distribution of Ga content in moss in 2000

The current Ga content in the CZ moss samples fluctuated in the range of 0.07-0.682 pg.g”'. The mean and
median values were 0.221 pg.g'and 0.198 pg.g’', respectively. Basic statistics for Ga content in moss in the
individual administrative regions of CZ are available in Tables 6-18.

The inserted classed post map and isopleth map depict the distribution of Ga content in moss in CZ. The
following two main areas of high accumulation of Ga in moss were found in CZ in 2000:

1. Southern Moravia between Uherské Hradisté and Mikulov.
2. The brown coal basin in the Most district and in adjacent parts of the Krusné Mts in the coal basin in
western Bohemia.

Sampling plots with increased Ga content in moss were revealed in the border area near Frydlant in northern
Bohemia, near Mélnik and Kladno in central Bohemia and in the proximity of Krnov, near Vitkov and near Frydek
Mistek in northern Moravia.

A low content of Ga in moss was found in southern and southwestern Bohemia, in some parts of northern and
northeastern Bohemia and in western Moravia. Figure 9 shows the differences in the average Ga content in moss in
the individual administrative regions in comparison with the average Ga content in moss in CZ.
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c) Identification of potential pollution sources
Bio-indicated increased atmospheric deposition of Ga is mainly due to the operation of geogenic pollution
sources (soil dustiness), in combination with combustion of brown coal (coal ash). The following reasons can explain
the positions of the Ga hot spots in CZ:
1. Wind erosion and spreading of solid particles of Carpathian flysch soil covers.
2. Extraction of brown coal, and the operation of power plants concentrated in the brown coal basin.

The increased content of Ga in moss near Frydlant is linked with the extraction of brown coal and the operation
of the nearby power plant in Bogatynia, Poland. The increased accumulation of Ga in moss near Mélnik is associated
with the operation of a brown coal power plant, while the Kladno district is affected by increased solid particle
deposition from the extraction of stone coal, by the operation of industrial furnaces and erosion of local ash, and also
by slag deposits. The sampling plot in the Krnov suburb is dusty and weakly covered by trees. In addition, plants
producing electrocompounds operate in Krnov. However, these industrial sources (dustiness) probably contribute
only a small portion to the increased Ga accumulation in moss in the southeastern suburb of Krnov. The area near
Frydek Mistek is affected by the deposition of particles from the industrial furnaces of the local metallurgical and
engineering industries, while the bio-indicated increased deposition of Ga near Vitkov is probably due to the erosion
of local soil covers and bare bedrock.

d) Comparison with other countries

The Ga content in Pleurozium schreberi in southern Sweden decreased significantly from 0.30 pg.g” to 0.09 pg.g"
between 1975 and 2000 (Riihling and Tyler 2004). The published Ga content in Canadian moss species from the
Central Barrenlands was 0.14-4.18 pg.g" and in Hylocomium splendens 0.14 pg.g” (Chiarenzelli et al. 2001). Berg
and Steinnes (1997a) published mean and median Ga contents in Hylocomium splendens in Norway 1.1 pg.g' and
0.82 pg.g'. Mean, median and maximum Ga content values in mosses (Scleropodium purum, Pleurozium schreberi
and Eurhynchium praelongum) from an area to the south of Paris were 1.29 pg.g', 1.14 pg.g' and 4.35 pg.g’,
respectively (Amblard-Gross et al. 2004).
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2.3.1.8 INDIUM

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
49 13 (I1IB) 111 114.818 1.49
In Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
7.310 156.6 2072 0.160-0.210 No data

a) Properties, occurrence and use — general

The introductory table provides basic data about the physical and chemical characteristics of In, a typical
chalcophile element. Natural In is a mixture of stable isotopes '"In and '®In (95.7% and 4.3%). About 35
radioisotopes of In are known. The abundance of In in the Earth's crust is roughly the same as that of silver. Minerals
with pure In or a preponderance of In are not known. However, In frequently occurs as a minor element in many
minerals, usually minerals of Zn and Pb. The igneous and sedimentary types of rock in CZ contain 0.01-0.24 and
0.01-0.1 mg of In per kilogram, respectively (Bene$ 1994). The soil content of In is frequently stated to be 0.02—
0.07 mg.kg', and correlates tightly with the soil content of Ga. The medians for In content in topsoils and in
subsoils in Europe are the same, 0.05 mg.kg”. A high content of In was found in the subsoils of the Krusné Mts in
CZ (De Vos and Tarvainen 2006). The concentration of In in stream water and seawater is very low, at about 0.001
and 0.0001 pg.l".

In has never been reported to be an essential element for any group of organisms. Plants can accumulate In
within the range 0.0005-0.002 mg.kg™". For example, in an unpolluted beech forest in Sweden the In concentrations
reached 0.0022-0.0005, 0.0023, 0.007 and < 0.0001 mg.kg"' in beech leaves, leaf litter, forest floor humus and
mushrooms, respectively (Tyler 2005).

In is used in metallurgical plants for producing bearing alloys, and in the electrotechnical industry for producing
semiconductors, rectifiers and photoconductors. In is useful in the glass industry in the production of mirrors.
Radioisotope '"'In is accumulated in carcinomas, and it is used for locating and treating them (e.g. prostate
carcinomas).

We have little knowledge about the biological effects of In. However, In is, in general, considered to be very toxic
for vertebrates, though exposure to the effects of higher concentrations of In is very rare. The toxicity of indium
arsenide (InAs) and indium phosphide (InP), common semicoductor componds, have been experimentally proved.
In has a toxic effect on the heart muscle, liver and kidneys, and is teratogenic. The toxic dose of In for rats is about
200 mg.day™.

b) Distribution of In content in moss in 2000

The current content of In in the CZ moss samples was 0.001-0.005 pg.g”. The same content of In in moss
0.002 pg.g"' was found for mean and median values in the CZ moss spamples set. Tables 6-18 provide basic statistics
for analytical results of moss samples from the individual regions of CZ.

The inserted classed post map shows the distribution of In content in moss at each sampling site in CZ. The
inserted isopleth map depicts the linearly interpolated In content in moss in the CZ territory. The inserted maps
show the following hot spots of increased In accumulation in moss in CZ:

The Frydek Mistek district in northeastern Moravia.
The surroundings of Rokycany and Pfibram in the southwestern part of central Bohemia.
Areas between Uherské Hradist¢ and Mikulov in southern Moravia.

=

A very locally increased accumulation of In in moss was found in the Most district and in the adjacent part
of the Krus$né Mts in western Bohemia, along the state border in northern Bohemia mainly near Frydlant,
and near Litomy$] in northeastern Bohemia.

Besides the individual hot spots around smelters, larger hot spots for In were found in the CZ part of the Black

Triangle I and II areas, and also in southern Moravia. In contrast, larger areas of low In content in moss (<0.0015
pg.g') were found in southern and southwestern Bohemia, in parts of northern and northeastern Bohemia and in the
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eastern part of the central Czech-Moravian highlands. Differences in the average indium content in moss in the
individual administrative regions in comparison with the average In content in moss in CZ are depicted in Figure 10.

¢) Identification of potential pollution sources

Increased atmospheric deposition of In is associated with the operation of non-ferrous metallurgical plants,
combustion of brown coal and geogenic effects. The following emission sources can be associated with the hot spots
listed above:

1. The operation of metallurgical and engineering plants processing non-ferrous alloys, producing lead
batteries, galvanizing, etc.

2. The operation of steelworks and a secondary lead smelter, production of non-ferrous alloys.

3. Wind erosion and spreading of soil particles from local soil covers in the agricultural region. However,
nothing is known about rhythmic sediments of Carpathian flysch in the area that may bear In.

4. The very locally increased accumulation of In in moss can be associated with the extraction of brown coal
and the operation of local power plants and metallurgical and chemical works in the Most region. The
cross-border area near Frydlant in northern Bohemia is affected by brown coal extraction and combustion
of brown coal in the Bogatynia coal power plant in Poland. The industrial area in northeastern Bohemia has
been under the influence of emission sources from local engineering plants and from a coal power plant.

d) Comparison with other countries

Due to the low accumulation of In in moss, there is a shortage of reliable figures in the literature on the In
content in moss species. However, the In content in moss Pleurozium schreberi in southern Sweden decreased
eightfold between 1975 and 2000. Mean In contents of 0.0110 pg.g"' and 0.0013 pg.g”, respectively, were published
for 1975 and 2000 (Riihling and Tyler 2004). For Slovakia the respective mean and median contents of In in moss
were reported to be as high as 0.16 and 0.11 pg.g” (Markovskd et al. 2003, Florek et al. 2007), which is roughly 80
times more than the levels in CZ.

47



Acta Pruhoniciana 87, 2007

Indium - regional medians
CZ median-0.0015 pg.g'

oy

FU

oL

UL

LI

FI<

EM

Regions of CZ

il

=40 =30 =20 =10 0 n 20 20 47 an

Relative deviation (%)

Indium - regional means
CZ mean- 0.0016 ug.g-!

(o1

PJ

UL

]

L

Regions of CZ
[
= — =

I
M

%)
¥

)
e

c3

K

-40 -30 -20 -10 2 10 20 32 40 50
Relative deviation (%)

Figure 10 Relative deviations (%) of regional mean and median In contents in moss from the respective
average values for CZ as a whole
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Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states Atomic weight (Allred-Rochow)
57 Lanthanide 111 138.906 1.08
La Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
6.146 920 3 470 34.000 No data

a) Properties, occurrence and use — general

The basic physical and chemical properties of lanthanum (La) are presented in the introductory table. Together
with several other elements with similar properties and common occurrence in nature, La is classed in the group of
14 elements called lanthanides. In nature, La consists of stable isotope '®La and radioisotope '**La (99.9% and
0.1%) with a very long half-life (105x10° years). Nine other radioisotopes of La are known. For example, '“’La is a
by-product of nuclear explosions. La is a rather rare element on Earth. It usually occurs together with other rare
Earth elements (e.g., Ce, Nd, Pd, Th, Y), primarily in the minerals monazite [(Ce, La)PO4] and bastnaesite
[(La,Ce)(F)CO3]. The content of La decreases in igneous rock, particularly in syenites and granites by 55-70 mg.kg™
and in basic and ultrabasic rock by 0.1-15 pg.g”, in sedimentary rocks, namely pelites by 90 pg.g” and carbonates by
0.1 mgkg' (Benes 1994). Soil covers typically contain about 15-40 mg of La per kilogram (Yoshida et al. 1998).
The content of La in forest floor humus in Europe is relatively low (median 1.70 mg.kg"), apart from in for Central
Europe including CZ (> 3.20 mg.kg"). Medians of La content in European topsoils and subsoils are 23.5 and 25.6
mg.kg", respectively (De Vos and Tarvainen 2006). The concentration of La in fresh surface waters is approximately
0.2 pg.l.

La has not been found to be an essential element for any group of organisms. The typical content of La in plants
is 0.15-0.25 mg.kg'. For example, washed leaves of Lombardy black poplar (Populus nigra ‘Italica’) in Bulgaria
contained on an average 0.22 mg of La per kilogramme (Djingova et al. 2001). However, Reimann et al. (2007b)
found La contents (medians) in Mountain birch (Betula pubescens) leaves, bark and wood in southern Norway of only
0.05, 0.03 and 0.01 mg.kg", respectively. In general, plants take up La intensively through their roots, and no
apparent selectivity in uptake has been observed among the lanthanides, which all have a tendency to accumulate in
leaves as the leaves grow older. In an unpolluted beech forest in Sweden, La contents in beech leaves, leaf litter, forest
floor humus and mushrooms were found to be 0.044-0.130, 0.370, 0.950 and 0.0016-0.0108 mg.kg, respectively
(Tyler 2005). However, some vessel plants, e.g., species of the genera Carya and some ferns can accumulate La in
high amounts.

The main use of La is in the production of glass with special properties and glass for optical instruments. La is
also utilised for the production of graphite electrodes for arc welding, for the production of alloys of Fe and metals of
rare Earth elements, for the production of lighting stones for lighters and products for optoelectronics.

For vertebrates and for man, La is a slightly to moderately toxic element (Das et al. 1988). The toxic dose for rats
is stated to be 720 mg of La per day. Increased concentration of La in a soil solution can inhibit, for example, plant
root elongation and production (Hu et al. 2002). However, all lanthanides are considered to be only slightly or
moderately toxic.

b) Distribution of La content in moss in 2000

Tables 5-18 provide basic statistics for the content of La in moss in CZ and in the individual administrative
regions.

The current La content in the CZ moss samples was determined to be 0.11-2.34 pg.g"'. The mean and median
values for La content in moss in CZ were 0.398 pg.g' and 0.338 pg.g”', respectively.

The inserted maps depict very high or high La contents in moss that were revealed in one large hot spot area
(approximately 20 x 80 km) in CZ:

1. The area between Kroméfiz and Mikulov in southern Moravia.
An increased accumulation of La in moss was found along the eastern foothills of the Krusné Mts between

Teplice and Kadan in western Bohemia, in the vicinity of Krnov in northern Moravia, between Mélnik and
Litoméfice in northwestern Bohemia, and in the cross-border area near Frydlant in northern Bohemia. A larger area
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of low content of La in moss was found in southern and southwestern Bohemia, and locally in northeastern Bohemia
as well as in the Jeseniky Mts in northwestern Moravia. Figure 11 depicts the differences in the average La content in
moss in the individual administrative regions in CZ.

¢) Identification of potential pollution sources
Increased La deposition in CZ may be associated rather with wind erosion and spreading of soil particles from
soil covers on La-rich bedrock, or on the sites of geochemical anomalies.

1. Wind erosion and spreading of soil particles from soil covers on Carpathian flysch sediments.

The increased La accumulation in moss in western Bohemia is caused by dustiness associated with the extraction
of brown coal and the operation of local power plants. The bio-indicated increased La deposition near Krnov may be
related to the soil dustiness in the suburb, and to a small extent with dustiness due to the operation of plants
producing electrocompounds for computers and TV sets. The area between Mélnik and Litoméfice has been under
the effect of a brown coal power plant and the deposition of eroded soil particles. The cross-border area near Frydlant
in northern Bohemia is affected by high dust deposition loads caused by the exploitation of brown coal and the
operation of the power plant in Bogatynia, Poland.

d) Comparison with other countries

The respective mean La contents in moss Pleurozium schreberi from southern Sweden were 0.51 pg.g”' and 0.19
pg.g’ in 1975 and 2000. The decrease in La content was significant (Riihling and Tyler 2004). The content of La in
Pleurozium schreberi collected in areas with low traffic density and with high traffic density in Finland was 1.30-3.81
and 0.84-13.6 pg.g”, respectively (Niemeld et al. 2007). Hylocomium splendens in the Central Barrentlands contained
La in an average amount of about 0.23 pg.g”', while other Canadian moss species accumulated La up to as high as
4.44 pg.g" (Chiarenzelli et al. 2001). A substantially lower La content below 0.07 pg.g"' is published for Pleurozium
schreberi from the Barents region (Halleraker et al. 1998). In Norway, the mean and median La content in
Hylocomium splendens were stated to be 0.57 pg.g' and 0.41 pg.g’, respectively (Berg and Steinnes 1997a). In
Slovakia, the respective average and median La content was 2.48 and 1.54 pg.g'1 (Marikovskd et al. 2003, Florek et
al. 2007). Median La contents in Pleurozium schreberi 2.1 pg.g”, 0.50 pg.g” and 0.41 pg.g" were reported from the
Silesia—Krakdéw region, the Legnica—Glogéw region and the control region in Poland (Grodzifiska et al. 2003). In
mosses (Scleropodium purum, Pleurozium schreberi and Eurbynchium praelongum) collected to the south of Paris, the
respective range and median of La contents were 0.39-11.83 pg.g' pg.g' and 1.10 pg.g’ (Amblard-Gross et al.
2004). In investigations in Romania, the range of the La content in substitute mosses Hylocomium splendens and
Hypnum cupressiforme from five sampling campaigns was 0.095-21 pg.g” (Lucaciu et al. 2004).
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Figure 11 Relative deviations (%) of regional mean and median La contents in moss from the respektive
average values for CZ as a whole
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2.3.1.10 LITHIUM

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
3 1 (IA) | 6.941 0.97
Li Density Melting point Boiling point Earth crust Human body
(g.cm?) (°C) (°C) (mg.kg") (mg.kg")
0.535 180.54 1342 17.000-18.000 0.030

a) Properties, occurrence and use — general

The basic physical and chemical properties of Lithium (Li), the lightest metal on Earth, are given in the
introductory table. Li occurring in nature consists of two stable isotopes, "Li and °Li (1: 0.082). About five unstable
radioisotopes of Li are known. Li is a rather abundant element on Earth, frequently present in pegmatite, for
example, in theform of amblygonite [(Li,Na)AIPO4F,OH)], lepidolite [K,Li»,Al(ALSi);O10(F,OH)], lithiophylite
[Li(Mn,Fe)PO4], and spodumene (LiAlSi,Og). Li can be found in traces in other minerals. The Li content in igneous
rock types is 17-40 mg.kg™, except for ultrabasic rocks (0.1 mg.kg"). The CZ sedimentary rocks contain Li within
the range 15-66 mg.kg™, and carbonate only 5 mg.kg" (Bene$ 1994). Granite pegmatites and igneous granites have
an increased Li content in CZ, e.g., in the Krusné Mts (western Bohemia). Major deposits of lepidolite in CZ are
located in Roznd (Bohemian-Moravian Highlands). In soils, the content of Li can be found within the range 1-100
mg.kg'. Bowen (1979) stated that the typical Li content for soil is 25mg.kg". Seawater contains only about 0.18 mg
of Li per litre, while the Li content in surface stream waters is about 3 mg.l". However, mineral waters contain
several times higher concentrations of Li. A Li content in stream waters in CZ above 25 mg.I" appears especially in
western Bohemia along the foothills of the Krusné Mts, in southern Moravia, in the western part of central Bohemia,
and in the lowlands along the river Labe (Majer and Vesely 1996). The FOREGS geochemical survey places the
Kru$né Mts among areas with high Li levels in floodplain sediments exceeding 37 mg.kg' (De Vos and Tarvainen
(20006).

It is not known whether Li is an essential element for any group of organisms. However, Li may have some
important functions for vertebrates. Plants contain Li in amounts of 0.01-3.1 mgkg", and the concentrations in
plant leaves increase with the age of the leaves. For example, Tyler (2005) determined the respective Li
concentrations in beech leaves, leaf litter, forest floor humus and mushrooms to be 0.042-0.076, 0.266, 0.519 and
0.0017-0.0114 mg.kg" in an unpolluted beech forest in southern Sweden. In Slovak forests, the leaves of tree species
contained the following average amounts of Li: beech (Fagus sylvatica) 0.16£0.14, oak (Quercus robur) 0.20+ 0.18,
spruce (Picea abies) 0.18+0.18, pine (Pinus sylvestris) 0.19£0.25 and fir (Abies alba) 0.17£0.25. Exogenous lithium
was not detected in the stomata of the analysed foliage of the tree species (Marikovskd 1996).

Some plants, mainly from the group of halophytes on salt soils and species of the family Solanaceae can
accumulate Li in higher amounts in arid areas. In moss Scleropodium purum collected 200 km to the south of Paris, a
higher accumulation of Li was observed in the basal parts of the moss in contrast to the apical parts, with an average
ratio 0.24 : 0.10 pg.g" (Leblond et al. 2004). Markert (1992) estimated the total Li content in world plant biomass
to be 3.682. 10°t.

Li is frequently used in metallurgy for producing special alloys (Li—Al, Li~Cu, Li-Mn, Li~Cd, Li-Pb, metallic Li
baths), in glass-making (firm glass and ceramics), in the production of special batteries (pacemakers) and
accumulators for adsorption of CO; as a cooling medium, in organic chemistry, pyrotechnics (red light), nuclear
research, production of antidepressive medicines, etc.

Li is classified as a slightly toxic element. The toxic concentrations for plants are stated to be 30 mg.I"in a soil
solution. A daily intake of Li of about 200 mg.day™ is toxic. High Li intake may damage the central nervous system.

b) Distribution of Li content in moss in 2000

The distribution of Li content in moss in the CZ sampling plots is depicted in the inserted classed post map and
isopleth map. The content of Li in the CZ moss samples collected in 2000 fluctuated within the range 0.111-1.89
pg.g”'. The mean and median Li contents were 0.348 pg.g' and 0.301 pg.g"', respectively (Table 5).

The maps show the following hot spots of increased Li accumulation in mosses in the CZ territory:

1. Agricultural land between Uherské Hradist¢ and Mikulov in southern Moravia.
2. The Most district, in the brown coal basin in western Bohemia.
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Increased Li deposition was bio-indicated in southern Moravia (geogenic effects) and locally (Chomutov) in the
CZ part of the Black Triangle I area (industrial effects). Slightly increased accumulations of Li in moss were revealed
between Mélnik and Beroun in the western part of central Bohemia, and near Krnov in northwestern Moravia. Very
low accumulations of Li in moss were found in southwestern Bohemia and in parts of northern and northeastern
Bohemia, as well as in the Jeseniky Mts in northwestern Moravia. Mosses have not accumulated a higher Li content
than 0.5 pg.g” in about 90% of the CZ territory. The differences in the average Li content in moss in the individual
administrative regions in comparison with the average Li content in moss in CZ are depicted in Figure 12.

¢) Identification of potential pollution sources

1. Wind erosion and spreading of soil particles from soil covers on sediments of Carpathian flysch.

2. Deposition of soil and industrial dust particles released by wind and anthropogenic activities associated with
the exploitation of brown coal, the operation of local power plants and the operation of local engineering
and chemical plants.

The increased Li content in moss in the western part of Bohemia may be due to the operation of a power plant
near Mélnik, wind erosion of soil covers in agricultural parts of the area, erosion of ash and slag heaps in the Kladno
district, and the extraction of limestone as well as the production of lime and cement near Beroun. The bio-indicated
increased deposition of Li near Krnov is caused by the high soil dustiness in the suburb, which is poor in trees at the
sampling plot. Industrial dust from plants producing electrocompounds may contribute to the higher Li deposition.

d) Comparison with other countries

Riihling and Tyler (2004) reported a significant decrease in most elements in moss Pleurozium schreberi in
southern Sweden during the last 25 years. Li contents of 0.34 pg.g' and 0.11 pg.g" were stated for 1975 and 2000.
The current Li content in Canadian moss species in the Central Barrenlands was 0.31-7.09 pg.g', and in
Hylocomium splendens it was 0.31 pg.g" (Chiarenzelli et al. 2001). Berg and Steinnes (1997a) published figures for
mean (0.22 pg.g") and median (0.18 pg.g') Li content in Hylocomium splendens in Norway. The French survey
presents the respective range and median values for Li content in mosses (5 species, most frequently Scleropodium
purum) < 0.005-17.8 pg.g”' and 0.79 pg.g”' (Gombert et al. 2004). For further details, see also Chapter 2.3.5.
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Figure 12 Relative deviations (%) of regional mean and median Li contents in moss from the respective
average values for CZ as a whole
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2.3.1.11 MANGANESE
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Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
25 7 (VIIA) IL; I1I; IV; VII 54.938 1.60
Mn Density Melting point Boiling point Earth crust Human body
(g.cm™) (°C) °C) (mg.kg") (mg.kg™)
7.470 1246 2061 770-1 100 0.200-0.650

a) Properties, occurrence and use — general

Basic information about the physical and chemical properties of manganese (Mn) can be found in the
introductory table. Mn is an abundant element on Earth, naturally occurring in the form of one stable isotope **Mn.
About six artificially created radioisotopes of Mn have been reported. Mn is included as a major element in several
minerals, e.g., pyrolusite (MnQ,), franklinite [(Zn,Mn,Fe)**(Fe,Mn),**Q4], braunite [Ca(MnFe)4SiO,4] manganite
[MnO(OH)], psilomelane [(BaH,0),MnsO], and as a minor element in many other minerals. Mn can substitute
iron in the crystal lattice of minerals. Mainly igneous ultrabasic rock types contain scattered Mn in concentrations of
1-2 mg.kg!, while sediments contain about 650 mg.kg™!, psamites about 100 mg.kg", and carbonates 1 100 mg.kg
(Benes 1994). The largest abandoned Mn pits in CZ are situated in Chvaletice (Pardubice region) in northeastern
Bohemia. The mean Mn content in CZ brown coal and coal ash is 83 mg.kg"' and 2 280 mg.kg" (Trebichavsky et al.
1997). The content of Mn in the CZ soil covers are stated to be 80-2 220 pg.g', with a mean of about 710 pg.g™.
The FOREGS survey stated the mean for MnO content in European soils to be about 0.06% (De Vos and
Tarvainen 2000). Surface fresh water contains only about 5 pg of Mn per litre. Mn leached from the tree canopy or
from litter may be effectively retained in the forest floor humus layer (Michopoulos and Cresser 2002).

Mn is an essential element for all groups of organisms on Earth. Mn is needed for the operation of some enzymes,
for the formation of the laminar structure of thylakoids, and for the metabolism of mucopolysaccharides. It prevents
osteoporosis, reduces blood cholesterol levels, aids the proper development of foetuses, etc. It accumulates in mussel
kidneys. Mn occurs naturally in porphyrine, Mn-proteins and enzymes. In plants, Mn supports the synthesis of
nucleus acids, water photolysis during photosynthesis, stabilizes the chloroplast structure and the mucopolysaccharide
metabolism (Graham et al. 1988). The content of Mn in vessel plants is within the interval 1-700 pg.g', and the
typical mean content is about 30 pg.g"'. The Mn concentration in plant leaves tends to decrease with the age of the
leaves. For example, in an unpolluted beech forest in Sweden the Mn concentrations reached 880-920, 1 850-2 040,
170 and 8-56 mg.kg" in beech leaves, leaf litter, forest floor humus and mushrooms, respectively (Tyler 2005). Mn
can be easily leached from damaged leases (necrosis) by rain. Mitschick and Fiedler (1987) put the Mn deficiency
threshold for spruce needles at 20 pg.g”', the optimum content at above 50, and the optimum content in beech leaves
at more than 100 pg.g'.Samecka-Cymerman and Kempers (2000) found a tight correlation between the Mn
concentration in water and in the tissue of littoral plants and aquatic moss Hygrohypnum ochraceum. Some species of
algae or vessel plants (e.g., species of tribes Ericaceae, Myrtaceae, Phytolaccaceae, Theaceae) and marine worm Annelida
hermione, and some ascidians (Ascidiae, Didemnum, Halocynthia) can accumulate Mn in amounts exceeding 19.0
g.kg! (Korcak 1988, Bidwell et al. 2002, Xue et al. 2004, Fernando et al. 2007). Moss Pleurozium schreberi
contained substantially higher amounts of Mn in the living upper parts of the moss plants than in the older and
decomposing lower parts, which is in contrast with the distribution of most other elements in moss bodies. As an
example, for two sites in Finland the Mn contents in the upper vs. lower parts of the moss were 705.3 and 583.1
pg.g' and 342.1 and 237.5 pg.g' (Salemaa et al. 2004). Similar determinations of Mn accumulations in the apical
and basal parts of Scleropodium purum collected to the south of Paris (901 pg.g” and 616 pg.g") have been published
(Leblond et al. 2004). The total manganese content in world plant biomass has been estimated at 3.682x10° ¢
(Markert 1992).

Mn is frequently used for the production of special iron alloys Mn-Fe, stainless steels, ferromagnets, non-ferrous
alloys (Mn—Al, Mn—Sb, Mn—Cu, Mn—Cu-Ni, Mn—Cu-Sn—Zn, etc.), for Mn baths and other purposes. Mn and its
compounds are used for hydrometallurgical processing of uranium ore, for production of MnO-Zn batteries, as
catalysts, as a melting agent for welding, as oxidants, in glass dyeing, in the production of pigments, disinfection
agents, etc.

The mean yearly background wet deposition (bulk) of Mn in the southeastern part of CZ was 32.35 mg.m™.year’
'in 2000 !, but in some areas affected by industrial pollution the deposition was often lower

(htep://www.chmi.cz/uoco/isko/tab_roc/2000_enh/CZE/kap_22/k_22_3_1_3_html.hetml).
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Excess of Mn is moderately to medium-level toxic, teratogenic and carcinogenic. Lassitude, anorexia, shaking,
injury to the heart muscle and to the kidneys, etc., are the most common expressions of Mn toxicity. Mn?* is three
times more toxic than Mn?* and six times more toxic than Mn*. Chronic exposure to Mn leads to selective
dopaminergic dysfunction, neuronal loss, and Alzheimer type II astrocytosis. The toxic dose of Mn for rats is 5
mg.day”. Toxic expressions on plants appear when the concentration of Mn in the soil solution is about 0.5-2.0 mg.I".
Some epiphytic lichens (e.g., Hypogymnia physodes and Lecanora conizaeoides) have been found to decrease in
abundance with increasing Mn supply from bark or stemflow (Hauck and Paul 2005).

Mn may be unavailable for plants where the pH level is high. Symptoms of Mn deficiency include yellowing of
leaves with the smallest leaf veins remaining green, producing a ‘chequered’ effect.

b) Distribution of Mn content in moss in 2000

Tables 5-18 provide basic statistics for the analytical results of moss samples in CZ and in the individual
administrative regions. The current Mn content in the CZ moss samples was very variable, and ranged from 34.9
pg.g' to 1850 pg.g'. The mean Mn content in moss was 520 pg.g-' and the median was 470 pg.g-'.

The inserted classed post map and isopleth map show the following two areas of high Mn content in moss in CZ:

1. Locally near Bohdane¢ in northeastern Bohemia.
2. Between Chomutov and Teplice in western Bohemia.

An increased Mn content in moss was found in the Rakovnik district and near Stfibro in western Bohemia, near
Rozumberk nad Vltavou in southern Bohemia, and near Boskovice in central Moravia.

Low contents of Mn were found in parts of northern, northeastern and southwestern Bohemia, in northern,
southwestern and southeastern Moravia. Surprisingly, the highest concentrations of Mn in drinking water in CZ
(1.7-4.5 mg.I") have been reported from the two latter areas. In about 80% of the CZ territory the Mn content in
moss did not exceed 550 pg.g'. Figure 13 depicts the differences in the average Mn content in moss in the individual
administrative regions, in comparison with the average Mn content in moss in CZ.

¢) Identification of potential pollution sources

1. The reason for the high accumulation of Mn near Bohdane¢ is not clear. The occurence of Mn due to a
geological anomaly or local springs on the plot can be put forward as a suggestion. Exposure of the moss
clumps to throughfall containing Mn leached from leaves is unlikely. In the area, Mn deposits are known
from nearby Chvaletice, in the Pardubice region, approx. 15 km southeast of the sampling plot.

2. The operation of metallurgical and engineering plants and the operation of power plants in the brown coal
basin.

The increased accumulation of Mn in moss in the western part of central Bohemia may be associated with the
production of ceramics in Rakovnik, steels in Kladno, and lime and cement near Beroun. The locally increased
accumulation of Mn in moss near Sti{bro and Boskovice may be caused by the erosion of soil particles and debris of
forest floor humus on spots of Mn-rich bedrock. However, the geogenic origin of Mn in atmospheric deposition in
the Mn hot spots should be recognised as dominant in CZ.

d) Comparison with other countries

In contrast to most other elements, the Mn content in moss Pleurozium schreberi remained invariable in southern
Sweden between 1975 and 2000. Mn contents of 290 pg.g” and 289 pg.g' were published for the moss and area in
1975 and 2000, respectively (Rithling and Tyler 2004). Pleurozium schreberi and Hylocomium splendens from the Barents
region are reported to accumulate Mn in mean amounts of 380 pg.g” and 309 pg.g', respectively (Halleraker et al.
1998). Mean and median Mn contents in Hylocomium splendens from Norway were 310 pg.g' and 250 pg.g’,
respectively (Berg and Steinnes 1997a). The Slovak moss campaign revealed average and mean Mn contents in moss of
444 and 365 pg.g', respectively (Marikovska et al. 2003, Florek et al. 2007). The respective range and median for Mn
content in mosses (5 species, most frequently Scleropodium purum) in France were 16.5-2850.3 pg.g” and 353.5 pg.g"
(Gombert et al. 2004). Figueira et al. (2002) found no significant differences in Mn concentrations in Scleropodium
purum and Hypnum cupressiforme species in Portugal. The Mn variability was similar to the Fe variability, and the
concentration range and mean of the Mn concentrations was 4-949 pg.g”'. The concentration range of Mn in five sets of
the same moss species collected in Romania was found to be 27-1600 pg.g”' (Lucaciu et al. 2004). Moss Sanionia
uncinata in King George Island, Antarctica, contained Mn in the amount of 256295 pg.g” (Osyczka et al. 2007).
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2.3.1.12 NITROGEN

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
7 15 (VB) +[; <11 <111, IV, V 14.0067 3.07
N Density of solid Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg™) (mg.kg")
No data -209.9 -195.8 20 26,000

a) Properties, occurrence and use — general

Selected basic properties of nitrogen (N) can be found in the introductory table. N has two naturally occurring
isotopes, N (99.6%) and N (0.4 %), and eleven radioisotopes of N are known. Elementary nitrogen constitutes
80 vol. % of the current atmospheric air. At high temperature it can react with nitrogen-to-nitrogen oxides (NO,).
The atmosphere also contains reduced N in the form of ammonia (NHj3), and traces of organic N compounds also
appear in the atmosphere. Inorganic N compounds, except for sodium nitrate (NaNO;), rarely occur in larger
deposits, because they are usually dissolved by water. Minerals consisting dominantly of nitrates and ammonium are
soluble, and appear mainly in a dry, arid climate. Igneous rocks contain small amounts of N (< 20 mg.kg™"), mainly
in the form NHy" in crystal lattices, but granitic rocks may contain NH4* in amounts exceeding 100 mg.kg™.
Sedimentary rocks contain ammonium and organic nitrogen in concentrations of 200-400 mg.kg"' The typical
content of N in oils, coals and natural gas is < 0.1, 0.1-2 and < 5 %, respectively. Most soil N is concentrated in
humus, which contains about 5 % of N (e.g., Leeters and de Vries 2001). Organic N compounds are contained in all
living organisms. N compounds enter the N cycle. The total N content in sea and stream waters is about 0.5 and 60
mg.l", depending on the content of organic matter and soil microbial activities. The main rivers in CZ contain 1-6
mg NO;-N per litre.

N is an essential element for bacteria, algae, fungi, higher plants and animals It forms a part of aminoacids,
nucleic acids, enzymes, hormones, alkaloids, etc. Proteins contain about 16 % of N. Some special bacteria (e.g.
Rhizobium trifolium) and cyanobacteria (e.g. Nostoc) can fix atmospheric nitrogen. Plants can utilize only reactive N
forms NOs-N and NH4N. Biological processes result in "N enrichment of the substrate and depletion of
production. Leaves of wild plants and crops contain 1-5 (7) % of N. Bowen (1979) and Markert (1992) stated that
soils contain 2 000 pg.g” and plants 12 000-38 000 pg.g"'. The arithmetic mean of total N content in the foliage of
all forest tree species in Slovakia (Marikovskd 1996) amounts to 18 1656 432 (median 15 900) pg.g”'. The total
nitrogen content in world plant biomass has been estimated to be 4.602x10' t (Markert 1992).

N is used to create an oxygen-free atmosphere in light bulbs and for protecting steel or graphite electrodes against
oxidation. Liquid N serves as a cooling medium. N compounds are widely utilised, e.g., as fertilizers, narcotics or
explosives. Burning of fossil fuels in furnaces and car engines produces nitrogen oxides. NOy emissions create nitric
acid in the atmosphere, and this is deposited together with other N compounds. The natural atmospheric N
deposition loads should be below 4 kg.ha'.year” (the limit of critical loads for the most sensitive ecosystems). Due to
anthropogenic N sources, the current N deposition loads in central Europe are about 15-45 kg.ha'.year' and in
Western Europe as high as 60-110 kg.ha™.year. Increasing atmospheric N deposition loads are the main reason for
eutrophication, decreasing biodiversity and decreasing stability of natural ecosystems.

Elemental N is only slightly reactive. Divers breathing compressed air can suffer from nitrogen narcosis, a result
of the direct toxic effect of high nitrogen pressure on nerve conduction. This is an alcohol-like effect. Some N
compounds can be highly poisonous (cyanides) or carcinogenic (nitrites, some organic N compounds). Elevated
nitrate levels in food and water are matters for concern, because plasma nitrate can interfere with blood-oxygen levels,
leading to methemoglobinemia and gastric cancer. As an example, the maximum permitted content of N-NOj in
food and drinking water should be checked. Increasing availability of N initially results in greater foliar N
concentration and plant productivity. However, after the nitrogen saturation stages are reached, the productivity
decreases due to nutrient imbalances (Aber et al. 1998). Experiments with increased natural N atmospheric
deposition and N fertilization have shown a similar reaction of mosses. Extremely sensitive species (Racomitrium
lanuginosum, Scorpidium revolvens) are not able to survive and hold out increased abundance of vascular plant under
permanently high ammonium N deposition loads (e.g., Kooijman 1992, Pitcairn et al. 2006, Verhoeven et al. 1996,
Solga and Frahm 2006). The nitrogen content in moss Pleurozium schreberi ranges between 0.7-2.2 %, and depends
on the atmospheric deposition level of N. For this reason, the total N content in moss can indicate atmospheric
deposition loads of N up to some critical loads that do not, however, affect the metabolism of the given moss
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indicators. Strong seasonal dependence of tissue N content in moss Scleropodium purum on the course of atmospheric
bulk deposition of N has been observed (Solga 2007).

Mosses are able to take up N emitted from motor vehicles. For example, Bignal et al (2004) found elevated N
content in moss samples of Polytrichum commune collected from close to a motorway up to a distance 50 m.

Solga et al. (2006) published regressions for an increase in tissue N in herbarium specimens of Pleurozium
schreberi and Scleropodium purum repeatedly collected in the western part of Germany in 1860-2000. Acropetal
transport of accepted N and recycling of N among ramets of moss Hylocomium splendens has bwwn observed
(Eckstein 2000).

Nitrogen deficiency causes dwarfism in plants, spindle-like growth of plants, pale leaves and weak stems,
premature falling of leaves, scleromorphosis and yellowing of older leaves.

b) Distribution of N content in moss in 2000

The basic statistics for all analysed samples and moss collected in the individual administrative regions are given
in Tables 5-18.

A very wide range of N content in the moss samples (4 860-26 870 pg.g"') was found in 2000. The mean and
median content of total nitrogen for the whole moss data set was 12 404 and 11 881 pg.g”, respectively. The
median, mean and standard deviation of total nitrogen content exclusively in Pleurozium schreberi samples was
11775, 12087 and 3 041 pg.g', while the same statistical parameters for the analysed samples of Scleropodium
purum were 14653, 14 825 and 3 666 pg.g'. However, Scleropodium was collected mainly in warm and dry
lowlands with an unfavourable climate for Pleurozium. Hence the higher N content in Scleropodium is rather caused
by increased N deposition loads than by more efficient uptake of N by Scleropodium than Pleurozium.

The distribution of total N in moss in CZ is depicted in the inserted classed post map and in the isopleth map.
The following larger areas of high N accumulation in moss are shown in these maps:

The lowlands in southern Moravia between Vyskov, Mikulov and Hodonin.
The greater surroundings of the town of Pardubice.

The lowlands between Nymburk and Hradec Krdlové in north eastern Bohemia.
Northwestern Bohemia between Chomutov and Kladno.

In the Kralicky Snéznik Mts and the western part of the Jeseniky Mts.

b S

There are a few small local hot spots elsewhere, mainly in northern parts of CZ and near Hor$ovsky Tyn in
southwestern Bohemia. In contrast, larger areas where moss contained total N in amounts below 10 000 pg.g” (1 %)
were situated in southern and southwestern Bohemia. Figure 14 shows the difference in the average N content in
moss in the individual administrative districts, in comparison with the average N content in moss in CZ as a whole.

¢) Identification of potential pollution sources
The main sources of reactive N are farming and combustion of fossil fuels.

1. The hot spot in southern Moravia is located in an area of intensive agriculture. High amounts of ammonia
emitted from manured fields can be assumed. The area suffers from intensive wind erosion, and high
deposition levels of N-rich soil particles in the area can be anticipated.

2. The high N deposition levels around Pardubice can be caused by intensive farming and by the operation of
industrial sources in the industrial region (chemical industry, concentration of industrial furnaces and
traffic).

3. The increased N accumulation in moss along the Labe lowlands can be explained by increased N deposition
in the area due to intensive agriculture.

4. Higher accumulation of N in moss in western Bohemia is caused by the operation of coal power plants
accumulated in the coal basin, farming activities along the river Ohfe, and the remaining industrial
activities in the Kladno district.

5. The reason for the increased accumulation of N in moss in the mountains in northwestern Moravia is not
known. We can guess that the area is affected by air from the lowlands rich in N from the Pardubice
district, or by the nearby Klodzko district in Poland, and N is washed out through increased precipitation

in the mountains.
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The small local hot spots are difficult to explain. They are either under the influence of small local sources of N,
or the moss samples may have been affected by organic N from eroded and sedimented humus or litter particles.

d) Comparison with other countries

Solga et al. (2005) determined the N tissue content in Pleurozium schreberi and Sleropodium purum from North
Rhine-Westphalia, western Germany in 2001-2002 to be in range of 0.84-2.31 and 0.71-1.94 %, respectively. The
respective increase of tissue N content (y; %) on total N bulk deposition (x; kg.ha™.year) in Pleurozium schreberi and
Scleropodium purum was well described by the regression lines y = 0.583 + 0.066x and y = 0.551 + 0.061x.

In Pleurozium schreberi and Hylocomium splendens in eastern Finland in 1997-1998, Eskelinen (2002)
determined total N concentrations of 0.70 £ 0.12 % and 0.71 £ 0.08 %, respectively.

The respective mean and median N content in moss in Slovakia was 2.36 and 2.26% in 2000 (Marikovskd et al.
2003). This is approximately twice as much as in the neighbouring Czech Republic.

In Rhytidiadelphus squarrosus in the United Kingdom, Stevens et al. (2006) found a total N content between 0.8—
1.9 % along an atmospheric N deposition gradient 5-35 kg N ha.year™.
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2.3.1.13 PRASEODYMIUM

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
59 Lanthanoid L, IV 140.908 1.07
Pr Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) (°C) (mg.kg") (mg.kg")
6.640 935 3290 8.700-9.100 No data

a) Properties, occurrence and use — general

The introductory table presents the basic physical and chemical properties of praseodymium (Pr). Naturally
occurring Pr consists exclusively of a stable isotope, ¥'Pr. About forty radioactive isotopes have been produced
artificially. In terms of the abundance of Pr mass in the Earth's crust, it is a rather rare element, occupying 37th
position in the order. Pr occurs only in small quantities. Accompanied by other rare earth elements, e.g., Ce, La, Nd,
Pr occurs in minerals such as bastnesite, cerite, monazite, xenotime and others, in which lanthanides comprise about
5%. Pr is also a product of radioactive fission. The content of Pr in CZ igneous rock is 0.1-15 mg.kg" and the Pr
content increases from ultrabasic to acid granite and syenite rock (Bene§ 1994). Sedimentary rocks contain 5-9 mg
and carbonates about 1.1 mg of Pr per gram. Soil covers contain Pr in the typical range of 1.5-12 pg.g'. The
FOREGS survey enumerates medians of total Pr content in European topsoils and subsoils of 5.60 and 6.04 mg.kg
(De Vos and Tarvainen (2006). For fresh surface water, the Pr content is stated to be about 0.03pg.l", while seawater
contains only about 0.0006 pg.1".

Pr is not known to be an essential element for any group of organisms. However, there is little knowledge about
the biological functions of Pr for living organisms. Vessel plants commonly contain Pr in the range of 0.03-0.06
pg.g', but some species, e.g. from the genus Carya can accumulate Pr in much higher quantities. Concentrations of
Pr and other lanthanides usually increase in plant leaves in the course of the year. In an unpolluted beech forest in
Sweden, Tyler (2005) determined Pr concentrations in beech leaves, litter, forest floor humus and mushrooms of
0.008-026, 0.079, 0.202 and 0,0005-0.0024 pg.g"', respectively. A small amount of Pr and other rare earth elements
(REEs) may stimulate crop growth. For this reason, REEs are added to fertilisers used in China (Tyler 2004).

Pr and its compounds are used for special alloys (lighter stones), refractory substances, oxygen absorbents, core
material for carbon arcs, light effects for amplification of telecommunication systems, for dyeing of glass and enamels
(yellow didymium glass), production of Nd (Pr) FeB permanent magnets, etc.

Contradictory information is available on Pr toxicology. Pr is sometimes ranked among the slightly toxic
elements, sometimes among the highly toxic elements. However, eye, skin and respiratory tract irritations caused by
Pr have been described. Damage to cell walls, decreased reproduction and brain damage to water animals have been
ascribed to the effects of a high concentration of Pr. It has a certain genotoxicity. The dose LDsy for rats was found to

be 5 gkg'.

b) Distribution of Pr content in moss in 2000

Tables 5-18 provide basic statistics for analytical results of the whole moss sample set and moss samples from the
individual administrative regions of CZ.

The current Pr content in the CZ moss samples was determined to be between 0.027 pg.g' and 0.541 pg.g'. The
mean Pr content in moss was 0.090 pg.g”', while the median value was lower at 0.076 pg.g'.

The inserted classed post map and isopleth map depict the content of Pr in moss at the individual sampling plots
in CZ. The inserted maps show the following hot spots of Pr accumulation in moss in CZ.

1. A large area between Pterov and Mikulov in southern Moravia.
2. The brown coal basin in western Bohemia between Teplice and Kadari.
3. Near Krnov in northwestern Moravia.

A moderately raised content of Pr in moss was found between Mélnik and Litoméfice in the northwestern part of
central Bohemia and near Ttebi¢ in southeastern Moravia. Slightly increased Pr accumulation in moss is shown in
the maps in the western part of central Bohemia (in the Kladno district), in a part of northeastern Bohemia (in the
Ceskd Ttebova district) and in northern Moravia (in the Studénka district). The lowest accumulation of Pr in moss
was found in southwestern Bohemia, locally along the state border in southern Bohemia, and in the northern cross-
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boder mountains (Krkonose Mts, Orlické Mts, Jeseniky Mts), and in the Moravskoslezské Beskydy Mts in
northeastern Moravia. However, in 85 % of the CZ territory the Pr content in moss did not exceed 0.12 pg.g™.
Differences in the average Pr content in moss in the individual administrative regions in comparison with the average
Pr content in moss in CZ are depicted in Figure 15.

¢) Identification of potential pollution sources

The origin of Pr in atmospheric deposition in CZ is in the first instance geogenic. Pr is predominantly released
into the atmosphere as a direct or indirect result of anthropogenic ground activities. Industrial combustion of coal
containing some amounts of Pr may contribute to higher Pr deposition rates.

1.  Wind erosion and spreading soil particles from soil covers on Carpathian flysch in southern Moravia.

2. Dustiness associated with the extraction of brown coal and the operation of power plants in the coal basin.

3. Increased deposition of urban and soil dust in the Krnov suburb, in an area with little forest cover. It is not
clear whether urban dust may contain increased amounts of Pr originating from local plants that produce
electrocompounds.

Wind erosion of soil covers and spreading of soil particles in the agrarian lowlands, and the operation of a local
power plant near Mélnik can explain the increased accumulation of Pr in moss, and also wind erosion of soil covers
on syenites (Ttfebi¢). The slight increase in Pr content in moss in central Bohemia may be caused by an increased
deposition of soil and dust particles released by wind erosion from fields, and by extraction and processing of
limestone. Increased dustiness is also associated with the operation of the industrial and traffic centre in Ceskd
Ttebovd and with the operation of metallurgical and engineering plants in northern Moravia.

d) Comparison with other countries

A significant decrease in Pr content in Pleurozium schreberi from southern Sweden was found between 1975 and
2000. Pr contents in moss of 0.112 pg.g" and 0.041 pg.g” were determined in 1975 and 2000, respectively (Riihling
and Tyler 2004). The Pr content in Canadian moss species from the Central Barrenlads reached a value as high as
1.007 pg.g”, while in contrast Hylocomium splendens contained only 0.051pg of Pr per gramme (Chiarenzelli et al.
2001). In Norway, the mean and median Pr content in Hylocomium splendens were found to be 0.13 pg.g”' and 0.098
pg.g"' (Berg and Steinnes 1997a).
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Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
37 1 (IA) I 85.468 0.89
Rb Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
1.532 39.31 688 60.00-310.00 7.00-9.00

a) Properties, occurrence and use — general

The basic physical and chemical properties of rubidium (Rb), which is very similar to caesium and potassium, are
presented in the introductory table. Rb mass represents about 0.01 % of the weight of the Earth's crust. In nature,
Rb consists of the stable isotope ®Rb and a radioactive isotope ¥Rb (72 % and 28 %). Decay of ¥Rb (half-life
4.88x10'° years) results in a stable isotope, ¥’Sr. The ratio of isotopes ¥Sr/*Sr: ¥Rb/*Sr is used in the dating of rock
types. About thirty other radioisotopes of Rb have been produced artificially. Due to its very high reactivity, pure Rb
does not occur in nature. It can replace alkaline metals in some minerals, for example in lepidolite [KLi,Al(Al,
S1)3010(F,OH),], pollucite [(CsNa),(ALSisO1,).2H,0], carnalite (KMgCls.6H,0), and in feldspar and mica of
pegmatites. Igneous rock types contain about 90 mg.kg'. Sedimentary rocks contain Rb in an amount of 60-120
mg.kg!, carbonates 3 mgkg', and pelites 140 mg.kg' (Benes 1994). In CZ, Rb is a significant admixture of
pegmatites and igneous granites and their minerals, e.g., lepidolite in the Krusné Mts and moldanubicum (Novék
and Cerny 1998). Soil covers contain Rb in an amount of about 10-100 mg.kg"'. The FOREGS survey gives median
Rb contents in forest floor humus, topsoils and subsoils in Europe of 4.5, 80 and 82.5 mgkg' (De Vos and
Tarvainen (2006). CZ has been included in the list of countries with a high Rb content in forest floor humus. The
content of Rb in fresh surface water and seawater is about 1 pg.I" and 120 pg.l”, respectively.

Rb is not officially recognised as an essential element for any group of organisms, though some findings show that
it may be an essential ultra-trace element for animals and also for humans. Insufficient data is available about the
biological role of Rb. Uptake of Rb by plants in acid soils (pH 3.6-5.0) is not controlled by soil acidity but by
concentrations of potassium K* (Drobner and Tyler 1998, Nyholm and Tyler 2000). Low concentrations of Rb
usually stimulate growth, while higher concentrations decrease production and initiate some disorders due to
competition of Rb with K. The typical content of Rb in vessel plants is from 1-50 pg.g”, but flour and flour
products are poor in Rb (Anke and Angelow 1995). In washed needles of Norway spruce (Picea abies), the Rb
content (1-190 pg.g") is a function of the age of the leaves (Tobler et al. 1994), but it is hardly a function of the Rb
soil content (Wyttenbach et al. 1995). Rb concentrations together with, for example, Cs and Mn, unlike most other
elements, diminish in plant leaves during the growth season. This may be due to leaching of these elements by
rainwater. Studying the distribution of elements in a beech forest ecosystem in an unpolluted area of southern
Sweden, Tyler (2005) found the respective concentrations of Rb to be 8-33, 9.3, 5.3 and 39-320 pg.g"'in beech
leaves, leaf litter, forest floor humus and mushrooms. The average Rb content in the foliage of individual tree species
in Slovak forests were determined as follows (in pg.g'): beech (Fagus sylvatica) 14.3 + 15.3, oak (Quercus robur)
10.5+ 7.5, spruce (Picea abies) 10.2+10.0, pine (Pinus sylvestris) 6.0x 5.0 and (Abies alba) 6.1£7.3 (Marikovskd 1996).
Markert (1992) assessed the Rb content in world plant biomass to be 9.2x107 t.

Rb and its compounds are used in the production of compounds in photo-electronics, for adsorption of gases in
vacuum tubes, for dyeing glass and ceramics, for producing drugs for cancer treatment, etc.

Rubidium and lithium ions are known to have opposite effects on a wide range of biochemical and behavioural
parameters in experimental animals. Rb has an antidepressive effect and shortens the circadian period in animals,
whereas Li, another alkaline metal, lengthens it. High intake of Rb is slightly toxic for vertebrates. Neuromuscular
hyperirritability, cetaceous burns, reproduction dysfunctions, tranquillising effects, etc., are expressions of
intoxication by Rb. The toxic dose for rats is about 10 mg.day™.

Rb deficiency has not been reliably detected. Insufficient intake of Rb apparently depresses growth and life
expectancy in goats.

b) Distribution of Rb content in moss in 2000

Basic statistical information about the Czech national and regional analytical results of moss analyses is available
in Tables 5-18. The content of Rb in moss samples was found to be in the range of 3.03-110 pg.g”, and the average
content was about 25.9 pg.g’.
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The inserted classed post map and isopleth map show the distribution of Rb content in moss in CZ. The
following areas of high accumulation of Rb are shown in these maps:

The Kru$né Mts in the Jdchymov district in western Bohemia.
The Kru$né Mts near Teplice in northwestern Bohemia.
Near Sdzava in central Bohemia.

bl

Near Novd Bystfice in southeastern Bohemia.

An increased content of Rb in moss is apparent in the Sumava Mts in southern Bohemia, near Nové Mésto na
Moravé in eastern Moravia, and in the Jizerské Mts, the Krkono$e Mts, the Orlické Mts and the Jeseniky Mts in
northeastern Bohemia and northwestern Moravia. The higher accumulation of Rb in Bohemia than in Moravia is
caused by the different geology of these areas.

A low Rb content in moss was revealed in Moravia, except in a few granitic areas along the western margin, in
western Bohemia except for the mountains on the border, and in parts of northeastern Bohemia. In about 70% of
the CZ territory the Rb content in moss did not exceed 30 pg.g'. Differences in the average Rb content in moss in
the individual administrative regions in comparison with the average Rb content in moss in CZ are depicted in
Figure 16.

¢) Identification of potential pollution sources

It is striking that Rb is accumulated in mosses mainly in mountain areas formed by igneous granitic and
metamorphous rocks. In these rocks, Rb may be associated with Rb-Cs dominant micas in some granite types of the
Bohemian Massif.

Wind erosion of rocks, and stony dumps of former hydrothermal polymetallic ore mines.
Wind and water erosion of rocks in the mountains.
Erosion and abrasion of outcrops of granites rich in Rb micas, cycling of Rb in the forest ecosystem.

NS

Erosion and abrasion of local granitic rocks, cycling of Rb in the forest ecosystem.

The geochemical effect of increased Rb content in bedrock types of the Bohemian Massif is the reason for the
increased accumulation of Rb in moss at such places. It is not clear how the moss plants came into with Rb. Rb may
be released from the granites through weathering of outburst rock, and particles may be spread by wind; or Rb may
be taken up by tree roots and accumulated in litter and forest floor material, which can be spread by wind, bio-
turbation, forest-use activities, etc.

d) Comparison with other countries

Riihling and Tyler (2004) reported that Rb belonged to the small number of elements whose content in moss had
not decreased significantly in southern Sweden between 1975 and 2000. They found the respective Rb contents in
Pleurozium schreberi to be 36.6 pg.g” and 30.9 pg.g’ in 1975 and 2000. In central Barrenlands, the Rb content in
moss species fluctuated between 1.47 pg.g” and 35.7 pg.g', and Hylocomium splendens contained Rb in an amount
of 6.42 pg.g"' (Chiarenzelli et al. 2001). In the Barents region the medians for Rb content in the moss species
Hylocomium splendens and Pleurozium schreberi were found to be 6.14 pg.g” and 8.02 pg.g”', respectively (Halleraker
et al. 1998). Berg and Steinnes (1997a) presented figures for the mean (13 pg.g") and median (11 pg.g"') content of
Rb in Hylocomium splendens in Norway. The Slovak bio-monitoring campaign in 2000 revealed a mean and median
Rb content in moss (Pleurozium, Hypnum, Dicranum) of 19.9 and 13.4 pg.g', respectively (Marikovskd et al. 2003,
Florek et al. 2007). In France, the Rb content in mosses (5 species, most frequently Scleropodium purum) was found
to be 2.3-124.9 pg.g”!, while the median was 12.6 pg.g' (Gombert et al. 2004). The range and mean of the Rb
content in Pleurozium schreberi from the Ile—de—France area were found to be 7-22 pg.g!' and 13 pg.g”, respectively
(Galsomies et al. 2003). The respective range and median for Rb content in mosses (Scleropodium purum, Pleurozium
schreberi and Eurbynchium praelongum) growing in an area 90 x 90 km situated to the south of Paris were 1.32—
36.52 pg.g" and 13.37 pg.g” (Amblard-Gross et al. 2004). The accumulation of Rb in mosses Hylocomium splendens
and Hypnum cupressiforme collected in five Romanian sampling campaigns was found to be 1.2-135 pg.g” (Lucaciu
et al. 2004). The Rb content in moss Sanionia uncinata in King George Island, Antarctica, was found to be 14+11
pg.g"' (Osyczka et al. 2007).
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2.3.1.15 ANTIMONY

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
51 15 (VB) 111, -11I; V 121.760 1.82
Sb Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
6.697 630.63 1587 0.200 No data

a) Properties, occurrence and use — general

The introductory table shows the basic physical and chemical properties of Sb, a chalcophile element. Sb is a less
abundant element: there is approximately 1 g of Sib in one ton of the continental crust. 'Sb and '**Sb (1: 0.74) are
naturally occurring isotopes, and about 10 other radioisotopes of Sb are known. Sb can be found in nature in a pure
form or in minerals, such as andorite (PbAgSb;S¢), antimonite or stibnite (Sb.S3), cervanite (Sb,O4), gudmundite,
(FeSbS), jamesonite (PbsFeSbeSis), livingstonite (HgSbsSs), valentinite (Sb,Os), and others. Insignificant CZ Sb
deposits are found in Krdsnd Hora near Piibram, Pf¢ov in central Bohemia, and Hynéice pod Susinou in
northwestern Moravia. An increased content of Sb in CZ stream sediments has been found mainly in the
surroundings of Prague, Piibram, Karlovy Vary, Brno, Olomouc and Ostrava (Abraham et al. 2002). Under the
reduction setting of soils Sb can be methylated by microorganisms (Gates et al. 1997).

The typical content of Sb in igneous rock types is 0.2 pg.g”, while in metamorphic rock and sediments it is about
0.01-1.5 pg.g” (Benes 1994). The average Sb content in CZ coals is 0.64 pg.g”, and in power plant ash 3.75 pg.g’!
(Trebichavsky et al. 1998). Soil covers and surface fresh water contain about 0.01-2.0 pg.g'and 0.5-5 pgl’,
respectively. The FOREGS survey stated medians for Sb contents in topsoils and subsoild in Europe of 0.60 and
0.47 mg.kg", respectively (De Vos and Tarvainen 2006). The input of Sb from contaminated soils (500 pg.g"') into
crops is reported to be low (Hammel et al. 2000). Abrasion of car brake linings seems to be an important source of
air contamination by particles containing Sb along roads and in towns (Weckwerth 2001).

Sb has not been shown to be an essential element for any group of organisms. Plants accumulate amounts of Sb
within the range of 0.1-200 pg.g”, and older leaves of plants tend to contain higher Sb concentrations than younger
leaves. Tyler (2005) determined respective Sb concentrations of 0.016-0.035, 0.130, 0.331 and 0.0014-0.0073 pg.g''in
beech leaves, litter, forest floor humus and mushrooms in an unpolluted beech forest in Sweden. Sb is an antagonist
of arsenic and selenium in biological systems. Sb can be bound to sulphhydryl (-SH) groups of many enzymes.

The use of Sb and its compounds is important in the production of special alloys (hard lead Sb—Sn-Pb, type
metals, pellets), rubber vulcanisation agents, semiconductors, batteries, crystal glass and screens, dyeing of glass and
ceramics, flame proofing compounds (Sb,O3), catalysts, pigments, human and veterinary drugs. Sb,S; is used as
a lubricant in automobile brake linings.

Sb and its compounds are considered highly poisonous substances. Sb is a known carcinogen. The lethal dose
LDs, for adult people and pure Sb is about 53 g. Sb*? is much more toxic than Sb*’. In general, toxic Sb doses for
men and rats are stated at 100 mg.day' and 10-75 mg.day'. The toxicity of Sb appears in skin irritation,
inflammation of oral cavity mucosa, glycogen production disorders in the liver, diarrhoea, edginess, vomiting, heart
dysfunctions, etc., which may lead to death within a few days. Sb poisoning is very similar to arsenic poisoning. In
small doses, antimony causes headaches, dizziness and depression.

There is shortage of reliable data in the literature about Sb deficiency effects, if any.

b) Distribution of Sb content in moss in 2000

Basic statistics for analytical data of the total and regional moss sampling sets are given in Tables 5-18. The
current content of Sb in moss in CZ was 0.018-0.903 pg.g”, and the average content was about 0.117 pg.g”. The
distribution of Sb in moss is depicted in the inserted point and isopleth maps. The following areas of very high Sb
content in moss were found:

1. The surroundings of Piibram in the southwestern part of central Bohemia.
2. Near Novy Bor in northwestern Bohemia.

The crucial source of Sb in CZ is the operation of the secondary lead smelter in Pfibram. A slightly increased
accumulation of Sb in moss was revealed between Prague and Suchov in central Bohemia, in the western part of the
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Krkono$e Mts, near Vysoké Myto in northeastern Bohemia, and near Frydek Mistek in northeastern Moravia. The
lowest content of Sb was in the moss samples collected in southeastern Bohemia and in the southern half of Moravia.
In about 95% of the CZ territory, the Sb content in moss did not exceed 0.20 pg.g”. Figure 17 shows differences in
the average Sb content in moss in the individual administrative regions in comparison with the average Sb content in
moss in CZ.

¢) Identification of potential pollution sources
High accumulations of Sb in moss can be explained by the operation of the following pollution sources:

1. The operation of the secondary lead smelter in Pfibram, production of lead products and alloys.
2. The operation of a glassworks near Kamenicky Senov.

Increased accumulation of Sb in moss can be associated with the operation of metallurgical and engineering
plants in Rakovnik and Kladno in central Bohemia, glassworks near Desnd in northern Bohemia, in the production
of electrocompounds near Roznov pod Radho$tém, and local metallurgical and engineering plants in northeastern
Moravia. Traffic is an important source of Sb, mainly in urban agglomerations.

d) Comparison with other countries

Sb is one of the elements whose content in moss has decreased significantly in southern Sweden. In Pleurozium
schreberi the mean Sb content in 1975 was found to be 0.41 pg.g”, while in 2000 it was nearly four times lower at
0.11 pg.g” in the area (Rithling and Tyler 2004). The content of Sb in moss species from the Central Barrenlands
was reported to be 0.009-0.068 pg/g and in Hylocomium splendens 0.030 pg.g” (Chiarenzelli et al. 2001). In the
Barents region, medians for Sb content in Pleurozium schreberi and Hylocomium splendens were the same at 0.03 pg.g’
(Halleraker et al. 1998). In Norway, the mean and median Sb contents in Hylocomiun splendens were found to be
0.15 pg.g”' and 0.092 pg.g', respectively (Berg and Steinnes 1997a). Medians of 0.39 pg.g”, 0.25 pg.g"' and 0.16
pg.g' were published for Sb content in Pleurozium schreberi from the Silesia—Krakéw and Legnica—Glogéw
industrial areas in Poland and from a control area in northeastern Poland, respectively (Grodzifska et al. 2003).
Slovak biomonitoring reports state mean and median Sb content in moss (Plenrozium, Dicranum, Hypnum) of 1.49
and 0.87 pg.g™, respectively (Marikovskd et al. 2003, Florek et al. 2007). In the area of the Ile—de—France, the range
and mean of the Sb content in Plenrozium schreberi were reported to be 0.3-0.6 pg.g' and 0.5pg.g”, respectively
(Galsomigs et al. 2003). Mosses (Scleropodium purum, Pleurozium schreberi and Eurhynchium praelongum) contained
Sb in the range 0.08-0.73 pg.g”, while the mean and medium values were 0.28 pg.g' and 0.25 pg.g', respectively
(Amblard-Gross et al. 2004).
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2.3.1.16 SELENIUM

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
34 16 (VIB) -11, 1V, VI 78.960 2.48
Se Density Melting point Boiling point Earth crust Human body
(g.cm™) °C) °C) (mg.kg™) (mg.kg™")
4.819 221.0 685.0 0.050 0.05

a) Properties, occurrence and use — general

Basic information about the physical and chemical properties of selenium (Se), a chalcophile-orgnophile element,
is gathered in the introductory table. Se is typically a dispersed rock element, seldom occurring in a pure form, but it
regularly accompanies sulphides. Se consists of six naturally occurring isotopes “Se, 7°Se, 7’Se, 7*Se, *Se, #*Se (0.01:
0.20: 0.15: 0.48: 1: 0.18), five of which are stable. In addition, 23 radioisotopes are known. Se forms a part of the
minerals berzelianite (CusSe), clausthalite (PbSe), crookesite [Cu;(TLAg)Ses], eucairite (CuAgSe), neumannite
[(Ag:Pb)Se], and others. In traces, Se is regularly found in other minerals, e.g., pyrite, chalcopyrite, sphalerite, and in
U-Se, Cu—Mo, Sb—Hg ores. Ore deposits in CZ contain admixtures of Se at Staré Ransko, Rozany, Sklené, Rozn4,
Zlaté Hory, Kraslice and Tisovd. In magmatic rock types the content of Se reaches 0.05-0.2 mg.kg™", and the Se
content decreases from acid to basic rock. The Se content in sedimentary rock is found to be in the range 0.05-0.6
mg.kg! (Bene$ 1994). Siberian oil contains 0.8-8 g of Se per ton. The average Se content in CZ coal is 2.64 mg.kg™,
in brown coal 0.88 mg.kg", and in power plant ash 2.52 mg.kg" (Trebichavsky et al. 1998). Coal fly ash can be an
important source of Se in Se deficient soil covers (Gutenmann and Lisk 1996). The Se content in soil covers is 0.1-2
mg.kg!. The Se content in stream water is below 0.001 mg.l', and in river water 0.002-0.003 mgl"'. Se
concentration above 0.01 mg.I" imparts a smell of garlic to the water.

Se is an essential element for several species of vessel plants and for most animals. For example, Se forms part of
the enzyme glutathion peroxidase, interferes with S and N metabolism, and forms a part of Se-amino acids. Animals
need Se for proper metabolism of lipids, blood formation, heart function, teeth protection, etc. (Bock et al. 1991,
Lauchli 1993, Terry et al. 2000). Se is a protective agent against cardiovascular diseases, heavy metal intoxication,
harmful radiation effects, and chemoinduction of cancers. Vessel plants contain 0.01-2 mg of Se per kilogram of dry
weight, and Se concentration increases with the age of the leaves. In an unpolluted beech forest in Sweden, beech
litter, forest floor and mushrooms contained 0.261, 0.650 and 0.022-1.26 mg.kg™ in, respectively (Tyler 2005).
Average Se contents in the foliage of individual tree species in SK forests were determined as follows (in pg.g"): beech
(Fagus sylvatica) 0.0620.04, oak (Quercuc robur) 0.05£0.05, spruce (Picea abies) 0.05+0.20, pine (Pinus sylvestris)
0.07+0.05 and fir (Abies alba) 0.07+0.07. Exogenous Se was not detected in the stomata of the analysed foliage of
forest tree species (Marikovskd 1996). However, some organisms accumulate Se in amounts dangerous for animals,
e.g., mushrooms in fruiting bodies (Boletus edulis), vessel plants Astragalus bisulcatus, Stanleya pinnara, and some
species of other families, e.g., Asteraceae, Brassicaceae and Rubiacea. The total Se content in world plant biomass has
been estimated at 3.682x10% t (Markert 1995).

Anode metal from electrolytic copper refineries and from recycling are the main current sources of Se. Se and its
compounds are used for producing Pb products (accumulators), for manufacturing glass and ceramics, Se-Bi alloys,
electrotechnical compounds (semiconductors, rectifiers, photoresistants, electric converters), solar batteries,
xerographic cylinders, pigments, additives to vulcanised rubber to improve abrasion resistance, additives in stainless
steels, in the preparation of pharmaceuticals, in antidandruff shampoos, etc. The main anthropogenic source of Se is
from coal combustion. Sulphur and Se have the same sources but a different atmospheric cycle (Wen and Carignan
2007).

When taken in excessive amounts, Se and its compounds are toxic for organisms, e.g., for plants (Se** in soil
solution 1-2 mg.I""), for man (5 mg.day™), and for rats (1-2 mg.day™). Se blocks the incorporation of S into amino
acids, causes lassitude, diarrhoea, respiration disorders, cramps and death. Acute inhalation exposure to elemental
selenium dust results in irritation of the mucous membranes in the nose and throat, producing coughing, bronchial
spasms and bronchitis. Some Se compounds have been shown to initiate cancer formation. Selenites (SeOs*) are
more toxic than selenates (SeO4*). Selenium has a very narrow margin of safety. For example, goats require Se in an
amount of 0.2 mg.kg" and the toxic level is about 3 mg.kg". Blind staggers is a disease that can affect livestock that
consume plants high in selenium.

71



Acta Pruhoniciana 87, 2007

Selenium is an essential element in human nutrition, with a recommended daily allowance of 0.070 mg for men,
0.055 mg for women, and 8.7 x 10 mg.kg"'.day” for infants. Selenium deficiency can lead to Keshan's disease (a
disease of the heart muscle), which is potentially fatal. Selenium deficiency also contributes (along with iodine
deficiency) to Kaschin-Beck's disease (a disorder of the bones and joints). Low levels of Se may increase oxidative
stress on the immune system. Several studies have also suggested a link between cancer and selenium deficiency. The
median of Se concentrations in the blood of healthy donors was 81.9 pg.I"! and the Se concentrations were below the
recommended 60 pg.I" in only 10% of cases in CZ in 2000 (Batdriovd et al. 2005).

b) Distribution of Se content in moss in 2000

The basic statistics for analytical results of the total and regional CZ sets of moss data are given in Tables 5-18.
The current range of Se in moss was 0.104-1.04 pg.g", and the average value was 0.269 pg.g™.

The inserted classed post map and isopleth map show the distribution of Se in moss in CZ. In the inserted maps,
the following sites of increased Se accumulation in moss are depicted:

1. Krusné Mts near Teplice (Krupka) and the brown coal basin area in western Bohemia between Teplice and
Kadan.

An increased Se content in moss was revealed near Novy Bor, in the border area near Frydlant and near Tanvald
in northern Bohemia, and locally between Mélnik and Beroun in the western part of central Bohemia, in the Orlické
Mezs, in Svitavy in northeastern Bohemia, and in the Ostrava and Frydek Mistek district in northeastern Moravia.

The lowest accumulation of Se in moss was found in the whole southern half of CZ. Current industrial activities
in the CZ part of the Black Triangle II area are found to have a very small effect on Se accumulation in moss. In
about 80% of the CZ territory, the Se content in moss did not exceed 0.3 pg.g”. Differences in the average Se
content in moss in the individual administrative regions in comparison with the average Se content in moss in CZ
are depicted in Figure 18.

¢) Identification of potential pollution sources

1. Combustion of brown coal in local power plants and the operation of chemical plants may be the most
important sources of Se in the area. However, the Se source near Teplice was not correctly identified, several
metallurgical and glass-ceramic works operate in the area.

The increased accumulation of Se in moss in northern Bohemia can be associated with the operation of local
glassworks (Novy Bor, Desnd), and with the operation of the nearby brown coal power plant in Bogatynia, Poland.
The operation of a local power plant, cement kilns and the industrial furnaces of metallurgical plants in Bust¢hrad
affect the area between Mélnik and Beroun, and cement kilns, engineering plants and non-ferrous metallurgical
plants and chemical works (Bohumin) affect the area in northeastern Moravia.

d) Comparison with other countries

Riihling and Tyler (2004) a stated twofold decrease in the Se content in moss from southern Sweden in the
course of 25 years. The respective mean Se contents in Pleurozium schreberi from the area were found to be 0.48 pg.g”
and 0.17 pg.g” in 1975 and 2000. The Se content in Hylocomium splendens from the central Barrenlands was stated
to be 0.07 pg.g', and in other moss species about 0.10 pg.g” (Chiarenzelli et al. 2001). The medians of the Se
content in Pleurozium schreberi and Hylocomium splendens from the Barents region were less than 0.08 pg.g’
(Halleraker et al. 1998). The mean and median Se content in Hylocomium splendens from Norway were stated to be
0.39 pg.g" and 0.22 pg.g"' (Berg and Steinnes 1997a). The medians of the Se content in Plenrozium schreberi from
the Silesia—Krakéw and Legnica-Glogéw industrial regions in southern Poland were 0.18 pg.g’ and 0.13 pg.g”,
while for a control region in northeastern Poland the median was 0.10 pg.g' (Grodzifska et al. 2003). The range and
mean of the Se content values in Pleurozium schreberi from the Ile—de—France area were 0.1-0.2 pg.g” and 0.2 pg.g™,
respectively, (Galsomigs et al. 2003). In Spain (Galicia) the medians of the Se content in Scleropodium purum in 1995
and 1997 were 0.562 pg.g" and 0.664 pg.g”', while in 2000 and 2002 the medians were 0.106 pg.g” and 0.132 pg.g'.
The time increasing trend of the Se content in the moss is allegedly due to differences in the design of the moss
sampling (Ferndndez et al. 2005). An Se content of 0.029-5.0 pg.g"' was found in the substitute moss bio-indicators
Hylocomium splendens and Hypnum cupressiforme in Romania in five sampling campaigns (Lucaciu et al. 2004).

Huang and Galson (2002) determined distribution of Se concentrations in mosses around a Zn-Pb smelter in
Australia.
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Figure 18 Relative deviations (%) of regional mean and median Se contents in moss from the respective
average values for CZ as a whole
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2.3.1.17 TIN
Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
50 14 (IVB) IL; IV 118.71 1.72
Sn Density Melting point Boiling point Earth crust Human body
(g.cm?) (°C) °C) (mg.kg") (mg.kg")
7.310 231.9 2270 2.200 0.2

a) Properties, occurrence and use — general

The basic physical and chemical properties of tin (Sn) are presented in the introductory table. Sn is a chalcophile-
lithophile and rather scarce element. In terms of its mass share in the Earth's crust, Sn occupies 50th place among the
elements. In nature, Sn has ten stable isotopes (the largest number among all the elements), of which '°Sn (15%),
18Sn (24%) and '*°Sn (33%) are the most abundant. About 28 radioisotopes are known. Sn rarely occurs in a pure
form, but commonly appears in traces scattered in rock mass. A higher content of Sn can be found in minerals such
as romarchite (SnO), cassiterite (SnO3), herzenbergite (SnS), berndtite (SnS,), ottemannite (Sn,S;), stannite
(CuzFeSnSy), and others. Sn emerges as an isomorphic admixture in Nb, Ta, Ti minerals. Small deposits of Sn ores
were extracted in CZ, e.g., in the Kru$né Mts, and near Nové Mésto pod Smrkem, Zlaty Kopec, Cist4, Rozn4 and
other sites. The atlas of mineral prospecting (Abraham et al. 2002) provides full information on the distribution of
cassiterite (SnO>) in stream sediments in CZ. Typical contents of Sn in magmatic rock are 0.3-3.6 mg.kg', with
increasing concentrations from ultrabasic to acidic rock types. Sedimentary rocks contain little Sn, about 0.1 mg.kg", but
pelites can contain 6 mg.kg” (Bene§ 1994). The greisens from Cinovec (Krusné Mts) contain 1 g of Sn per kilogram.
Sedimentary and metamorphic rocks in CZ contain Sn in an amount of 1-3 mg.kg", with maximum values in chalk
mudstones of about 11 mg.kg" (Trebichavsky et al. 1998). Coal and coal ash contain Sn in amounts of about 2 and
3-12 mg.kg". The typical Se content in soil covers is 2-15 mg.kg', in Europe 2-3 mg.kg™. Sn** appears abundantly
in acidic and reduction soil conditions, and it is strongly bound to organic soil compounds. The FOREGS survey
published the same value for the medians of Sn content in European topsoils and subsoils of 3 mg.kg' (De Vos and
Tarvainen 2006). The content of Sn in fresh surface waters is only about 0.01-0.04 pg.I"".

Although Sn is not rated as an essential element for plants, and the indispensability of Sn for animals is under
discussion, Sn and its compounds do have biological effects. Vessel plants contain Sn in amounts of 0.02-0.04
mg.kg!, but some species, such as Silene vulgaris, may accumulate a substandally higher quantity of Sn. The
respective concentrations of Sn in beech leaves, litter and forest floor in an unpolluted beech forest in Sweden were
0.012-0.062, 0.193, 0.650 mg.kg" (Tyler 2005). Vegetables usually contain less than 1 mg of Sn per kilogramme.

Sn and its compounds are used in the production of pewterware, special alloys and solders (Pb—Sn, Pb—Sn-Sb,
Sn—Sb—Cu, Cu-Pb-Sn), superconductors (Sn—Nb), plates for casting window glass, plating, textile printing (calico),
reduction agents, ceramic pigment extenders, toothpaste, pesticides, stabilizers of plastics, flammable admixtures, oil
additives, etc. Organotin (trialkyl organotin family) is mainly used as an active ingredient in biocides to control a
broad spectrum of organisms, in fungicides, insecticides, bactericides (antifouling of sea boats, fungicides in water
systems). Diorganotins have no antifungal activity. They are used in polymer manufacturing, as PVC heat stabilizers.

The toxicity of metallic Sn is very low, in contrast to SnHy. Oral uptake of Sn causes nausea, abdominal cramps
and vomiting. Sn toxicity leads to skin and mucosa irritation, anorexia, diarrhoea and cramps that may lead to death.
Sn is accumulated in all internal organs except for the thyroid (iodine antagonist). The toxicity of organotins
increases with the number of substituents (Ciucani et al. 2004, Dopp et al. 2004, Gadd 2000). Tri-z-alkyltins are
phytotoxic, and therefore cannot be used in agriculture. Alkyled Sn compounds may be extremely toxic for mollusc,
mainly mussels (leading to imposex), and embryonic and early life stages of fish. Rats and rabbits accumulate both
inorganic and organic tin in their skin and keratinised appendages. Reported oral LDsg values for tributyltin oxide
range from 55 to 87 mg.kg" in mice and rats. The half-life of inorganic tin in the femur (rats) is estimated to be 34—
40 days. Half-lives of 85 and 50 days have been reported for tin in the liver and in the spleen, respectively. Human
exposure to tributyltin (TBT) occurs, primarily, through consumption of contaminated food. The tolerable daily
intake of TBT is 0.25 pg.kg ! body.

There are no known problems due to tin deficiency in humans. However, a tin-deficiency state has been reported
in rats. Tin-deficient diets resulted in poor growth, reduced feeding efficiency, hearing loss, and bilateral (male
pattern) hair loss in rats.
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b) Distribution of Sn content in moss in 2000

The basic statistics for analytical results of the moss samples for CZ as a whole and for the individual
administrative regions are given in Tables 5-18. The current Sn content in moss was 0.080-1.03 pg.g"'. The mean
and median values are 0.207 pg.g”’ and 0.188 pg.g.

The distribution of Sn content in moss at the sampling plots is depicted in the inserted classed post map and
isopleth map. High accumulations of Sn in moss in CZ were found at the following sites:

1. Near Pfibram and Rokycany in southwestern Bohemia.
2. Near Lovosice in northwestern Bohemia.
3. Near Novy Ji¢in and Frydek Mistek in northeastern Moravia.

An increased content of Sn in moss was found between Chrudim and Ceskd Ttebov4 in northeastern Bohemia
and, very locally, e.g., near Teplice, Ceskd Kamenice, Frydlant, Kladno, and Krnov. The lowest Sn content in moss
in the country was observed in southern and western Bohemia, in southern Moravia and in parts of northern and
western Bohemia. In about 90% of the CZ territory the Sn content in moss did not exceed 0.30 pg.g™'. Figure 19
shows the differences in the average Sn content in moss in the individual administrative regions in comparison with
the average Sn content in moss in CZ as a whole.

¢) Identification of potential pollution sources

Although there are frequent Sn deposits in bedrock types in CZ, the source of Sn in current atmospheric fallout
in CZ is mainly industrial, including industrial coal combustion, rather than lithogenic. The three hot spots listed
above can be explained by the operation of the following pollution sources of Sn:

1. The operation of the secondary lead smelter in Ptibram, and the processing of Sn-rich wastes at an
ironworks near Rokycany (Hrddek). (This ironworks has been out of operation since 2001).

2. Recycling of Sn from scrap, electrocompounds, etc.

3. DProcessing of wastes containing Sn, the operation of metallurgical and engineering plants in the
industrialised district.

Locally increased accumulation of Sn in moss may have been caused by the operation of engineering plants and
municipal waste incinerators in towns in northeastern Bohemia, by the operation of ironworks processing scrap
(Kladno), the operation of glassworks (northern Bohemia), the operation of a brown coal power plant in Bogatynia,
Poland, and by the production of electrotechnical compounds (Krnov), etc.

d) Comparison with other countries

Published data for the Sn content in moss bioindicators in other countries are rare. However, Riihling and Tyler
(2004) published a fivefold decrease in Sn content in moss in southern Sweden over a period of 25 years. The mean
Sn contents in Pleurozium schreberi from the area in 1975 and 2000 were 0.49 pg.g' and 0.09 pg.g™, respectively.
Berg and Steinnes (1997a) presented the mean and median Sn content in Hylocomium splendens in Norway of 0.25
pg.g' and 0.17 pg.g’, respectively. The published results of the moss survey in 2000 in Slovakia stated an average
and mean Sn content in mosses (Pleurozium, Hypnum, Dicranum) of 0.352 and 0.236 pg.g', respectively
(Marikovskd et al. 2003, Florek et al. 2007). The average accumulation of Sn in mosses in the Slovak Republic is
about 1.5 times higher than in CZ.
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Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
38 2 (I1A) 11 87.620 0.99
Sr Density Melting point Boiling point Earth crust Human body
(g.cm?) (°C) °C) (mg.kg™) (mg.kg")
2.630 777 1382 360 -450 4.6-25

a) Properties, occurrence and use — general

The introductory table provides elementary information on the physical and chemical properties of strontium
(Sr), a representative of the group of alkaline earth elements. Sr has similar properties to those of calcium and
barium, and frequently accompanies calcite rock types. Sr is classed among the more abundant elements, occupying
15th place by mass in the Earth's crust. Natural Sr consists of four isotopes #Sr, *Sr, ¥Sr, #Sr (0.007: 0.11: 0.08: 1).
Since the first detonation of nuclear weapons and following the Chernobyl nuclear accident in 1986, radioisotope
%St (with a half-life of 28 years) has become a compound of atmospheric deposition. About sixteen other radioactive
isotopes have been produced artificially. Due to its high reactivity, Sr is not known in a pure form in nature. Sr is a
lithophile element occurring dispersed in rock types. Sr** frequently disperses Ca**, Mg*, K* and Ba** in calcites and
dolomites and in feldspars, gypsum, plagioclase and Ba compounds. Sr can be found abundantly in Sr-rich apatite
and in the minerals acuminite [SrAlF4(OH).H,O], ancylite [(SrCe(CO;)2(OH).H,O], celestite (StSOy), goyazite
[SrAl;(POy),(OH)s.H,O], manganonordite [Na;SrCeMnSicOy7], stroncianite (SrCO;), witherite (SrCOs), and
others. Sr ores do not occur in CZ. The highest content of Sr is stated from ultramaphic (1,000-1,500 mg.kg™"),
medium and basic magmatic rock types (150-600 mg.kg"'), in limestone and dolomites 450-600 mg.kg"', and in
psamites only 20 mg.kg” (Benes§ 1994). The average content of St in coal is 240 mg.kg", in coal ash 420-850 mg.kg™",
while CZ power plant ash contains on an average 490 mg.kg' (Trebichavsky et al. 1998). The typical Sr content in
CZ soil covers is 20-400 mg.kg. Sr in soil is bound to organic compounds and it is adsorbed on clay minerals. The
FOREGS survey stated medians of Sr content in forest floor humus, topsoils and subsoils of 17.4, 89 and 95 mg.kg™!
(De Vos and Tarvainen 2006). CZ fresh surface water and well waters contain Sr in amounts of 0.08-0.11 mg.I" and
0.06-0.44 mg.I", respectively. Mineral waters may contain much more Sr (2-20 mg.I""). Water in oceans contains
about 8 mg of Sr per litre.

St is not known to be an essential element for any group of organisms. However, some biota accumulate Sr in
high amounts (some protozoan, brown algae, and vessel plants) and the functions of Sr in organisms are being re-
evaluated. Higher plants contain Sr in a large concentration range 3—400 pg.g”, and the Sr concentration in leaves
tends to increase with the age of the leaves. Grains of cereals accumulate small amounts of Sr (0.5-3.5 mg.kg"), while
leaves and straw contain 6-40 mg.kg". In an unpolluted beech forest in Sweden, Sr concentrations in beech leaves,
licter, forest floor and mushrooms were 26-31, 34, 22 and 0.090-0.600 pg.g’, respectively (Tyler 2005). The
average Sr content in the foliage of individual tree species (in pg.g”) in forests in Slovakia was found to have the
follwing values (Marikovskd 1996): (Fagus sylvatica) 29.3+20.3, oak (Quercus robur) 21.3+12.7, spruce (Picea abies)
22.7+23.9, pine (Pinus sylvestris) 9.9+7.6 and fir (Abies alba) 19.9+35.4. The total Sr content in world plant biomass
was estimated at 9.2x107 t (Markert 1992).

Sr and its compounds are used in the production of permanent magnets, special alloys (e.g., St=Al-Si, Sr-Mg),
electrolysis Zn, glass and TV screens, fireproof ceramics and ceramic glazes, catalysts, pyrotechnics, lubricants,
pigments, medicines, depilatories, etc. Some Sr radioisotopes are used in carcinoma therapy.

Pure Sr is extremely reactive with air and water. Natural (stable) Sr compounds are considered to have low
toxicity. The human body accepts and treats Sr as if it were calcium. However, disorders in the St/Ca ratio in food
may cause bone disease and tooth decay. Contact with some Sr salts can corrode skin and mucosa. Sr intoxications
are mild, and are similar to intoxications by Ca. In contrast, the health effects of radioactive *°Sr are considered very
risky for bone disorders and cancer.

b) Distribution of Sr content in moss in 2000
Basic statistics for the moss analytical results of all CZ moss samples and samples from the individual
administrative regions are given in Tables 5-18. The current content of Sr in moss in CZ was found to be in the

range of 3.95-52.5 pg.g’', and the average value was 9.69 pg.g™.
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The distribution of Sr in moss in CZ is documented in the inserted classed post map and isopleth map. The
following areas of high accumulation of Sr in moss were found:

1. Near Karlovy Vary (Ostrov) in western Bohemia.
2. In the brown coal basin between Lovosice and Chomutov in western Bohemia.
3. Near Kyjov in southern Moravia.

A locally increased accumulation of Sr in moss was revealed, e.g., near Znojmo and Brno in southern Moravia
and at several isolated sites, e.g., near Pardubice, Sumperk and Krnov.

The remaining CZ territory showed a low or very low content of Sr in moss. Differences in the average Sr
content in moss in the individual administrative regions in comparison with the average Sr content in moss in CZ are

depicted in Figure 20.

¢) Identification of potential pollution sources
The origin of Sr in the atmospheric deposition hot spots should be considered as predominantly lithogenic in
CZ. The positions of the hot spots can be explained by the operation the following pollution sources:

1. Wind erosion of outbursts of Sr-rich rocks and polymetallic ores in the area, spreading of salts from the
local thermal mineral water springs, dustiness due to building works.

2. Dustiness associated with extraction of brown coal and the operation of industrial furnaces, the operation of
metallurgical, engineering and chemical plants.

3.  Wind erosion of outbursts of lime flysch sediments rich in Sr.

The increased accumulation of Sr in moss near Znojmo and Brno could be related to strong wind erosion of Sr
rich lime sediments of Carpathian flysch in the area. The very locally increased accumulation of Sr in moss near
Pardubice may be associated with the operation of a local coal power plant, and near gumperk and Krnov the
increased accumulation may be due to local soil and urban/industrial dustiness. In any event, only northwestern
Bohemia and southern Moravia are major areas of increased accumulation of Sr in moss.

d) Comparison with other countries

Riihling and Tyler (2004) documented that the Sr content in moss had not decreased significantly in southern
Sweden in the course of 25 years. The respective mean Sr contents in moss Pleurozium schreberi were 9.8 pg.g”' and
9.9 pg.g” in 1975 and 2000, respectively. Hylocomium splendens from the Central Barrenlands contained Sr in an
amount of 4.49 pg.g”', while other moss species accumulated Sr up to 62.23 pg.g” (Chiarienzelli et al. 2001). The
medians of the Sr content in Hylocomium splendens and Pleurozium schreberi from the Barents region were reported to
be 9.95 and 10.9 pg.g’, respectively (Halleraker et al. 1998). In Norway, the mean and median Sr content in
Hylocomium splendens were 15 pg.g' and 13 pg.g” (Berg and Steinnes 1997a). The medians of the Sr content in
Pleurozium schreberi from the Silesia—Krakéw and Legnica—Glogéw industrial areas in southern Poland were 9.0 pg.g™
and 7.3 pg.g”, respectively, while the median for a control area in northeastern Poland was 7.0 pg.g” (Grodzinska et
al. 2003). The respective mean and median contents of Sr in moss in Slovakia were 86.5 and 61.9 pg.g” (Maiikovskd
et al. 2003, Florek et al. 2007). The average Sr content in moss in Slovakia is one order of magnitude higher that in
CZ. The content of Sr in mosses (5 species, most frequently Scleropodium purum) in France was within the range
4.5-131.9 pg.g”' and the median was 13.1 pg.g' (Gombert et al. 2004). The accumulation of Sr in moss species
Hylocomium splendens and Hypnum cupressiforme in five sets of samples from Romania was within the range 1.8-289
pg.g' (Lucaciu et al. 2004). The Sr content in moss Sanionia uncinata in King George Island, Antarctica, was found

to be 6925 pg.g’ (Osyczka et al. 2007).
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Figure 20 Relative deviations (%) of regional mean and median Sr contents in moss from the respective
average values for CZ as a whole
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2.3.1.19 THORIUM

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
90 Actinoid I\ 232.038 1.30
Th Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
11.724 1842 4 820 6.000 No data

a) Properties, occurrence and use — general

The introductory table above provides basic data on the physical and chemical properties of thorium (Th), an
element from the group of actinides. Th is a rather abundant element in the Earth's crust. It frequently accompanies
the occurrence of U and rare earth elements, such as Ce, La, Y and others. Natural Th, a member of the actinide
series, consists a weakly radioactive isotope, **Th, with a half-life of 1.41x10'" years. Twenty six other Th
radioisotopes are known in the uranium, thorium and actinium families, or they have been produced artificially. Th
is frequently present in higher amounts in a silicate or phosphate form in the minerals monazite
[(Ce,La, Th,Nd,Y)PO4], thorite (ThSiO4) and thorianite (ThO,), and most frequently as an accessory element in
minerals of other elements, for example uranium and zirconium. Th is always a component of sea and hydrothermal
uranium ores. The content of Th in igneous rock is 1-20 mg.kg™, except in the case of ultrabasic rock (0.004 mg.kg™).
Granites most frequently contain 10-40 mg of Th per kilogramme. Sedimentary rocks contain Th in concentrations
of 1-2 mg.kg' (Bene§ 1994). A map of Th radiometric anomalies in CZ (Golid§ 2002) shows the concentrated
anomalies mainly in southern Bohemia and in the southwestern part of the Czech-Moravian Highlands. Soil covers
contain about 5-9 mg.kg", and subsoils contain approximately 1 mg.kg" more than topsoils. The FOREGS survey
stated Th median contents in European topsoils and subsoils of 7.24 and 7.63 mg.kg' (De Vos and Tarvainen
2006). Stream sediments of the Bohemian Massif contain relatively high amounts of Th (> 13 mg.kg™"). The content
of Th in waters is low, because it is only slightly soluble. Stream waters contain about 0.001 pg.l", while seawater
contains only 0.00004 pg.I". Th bound to colloidal particles may substantially increase the total Th content in water.

No group of organisms is known to need Th as an essential element. Plants are able to take up Th from soils,
waters and dusts (e.g., Shtangeeva and Ayrault 2004, Xu et al. 2003). However, the Th content in plants is some
orders of magnitude lower than the Th content in soil. Vessel plants contain Th in the range of 0.03-1.3 pg.g*
(Miekeley et al. 1994), and Th concentrations in leaves tend to increase with the age of the leaves, because Th is
bound to the cell walls and it cannot have much mobility in plants. Blueberry leaves have been found to accumulate
Th preferentially in forests (Morton et al. 2002). The determined respective Th concentrations in beech leaves, litter,
forest floor and mushrooms in an unpolluted beech forest in Sweden were 0.004-0.021, 0.075, 0.183 and 0.0003—
0.0022 mg.kg" (Tyler 2005). However, the radioactivity of Th in plants is a matter of greater concern than the
determination of Th concentrations.

Th and its compounds are used in the production of special fireproof alloys (Th—Al, Th-Be, Th-Mg, Th-Ni,
Th-Pb, etc.), arc light electrodes, bulb filaments, mantles for gas lamps, fire resistant ceramics, etc. Thorium has
colouring properties that have made it useful in ceramic glazes. The determination of #°Th, #*'Th and ***Pb contents
is utilized for dating geological objects. However, combustion of coal is a major source of radioactive Th
(htep://www.ornl.gov/info/ornlreview/rev26-34/text/colmain.html).

Th is assigned among the chemically slightly toxic elements. However, critical loads for man are not well known,
because exposure to Th rarely occurs. However, the radioactive effect is great (especially highly active, short-lived
members of the thorium series). Radioisotopes of Th have strong carcinogenic effects. Animal studies have shown
that breathing in thorium may result in lung damage. Other studies in animals suggest that drinking massive
amounts of thorium can cause death from metal poisoning.

b) Distribution of Th content in moss in 2000
Tables 5-18 provide basic statistics for analytical results of moss analyses for CZ as a whole and for the individual
administrative regions. The current Th content in moss was found to be within the range of 0.027-0.808 pg.g™,
while the mean and median Th contents were 0.108 pg.g”' and 0.090 pg.g™”, respectively.
The distribution of Th in moss in CZ in 2000 is presented in the inserted classed post map and isopleth map.
The following areas of high Th content in moss were revealed:
1. Southern Moravia between Pterov and Mikulov.
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2. Near Ttebi¢ in southwestern Moravia.
3. The brown coal basin in western Bohemia.
Increased accumulation of Th was found locally near Frydlant in northern Bohemia, near Krnov in northwestern
Moravia, and in northeastern Bohemia.
The lowest content of Th in moss can be seen in southern and southwestern Bohemia, in mountain areas in
northern Bohemia, and in the Beskydy Mts in northeastern Moravia. Figure 21 depicts the differences of the average
Th content in moss in the individual administrative regions in comparison with the average Th content in moss in

CZ.

¢) Identification of potential pollution sources
Geogenic Th is the predominant source in the hot spots in CZ.

1. Wind erosion of soil covers on sediments of Carpathian flysch.

2. Wind erosion of a syenite outburst and local soil covers.

3. Dustiness associated with extraction of brown coal and industrial combustion of coal in local power plants
and furnaces.

The local contamination near Frydlant is caused by increased dust deposition due to extraction and combustion
of brown coal at the Turéw power plant in Bogatynia, Poland. Moss in the suburb of Krnov was soiled by urban and
soil dust on a plot sparsely covered by vegetation, and the industrial part of northeastern Bohemia is dusty due to the
operation of a coal power plant, the main traffic corridor that passes through it, and soil erosion of local fields. Very
locally increased Th accumulation in moss was determined near Pfibram-Hdje near a pile of waste rocks from a
former uranium pit, where stony material was ground up for gravel. The inserted map depicts the distribution of Th
in moss Pleurozium schreberi near Ptibram as determined in a special bio-monitoring campaign in 1999 (Sucharovd
and Suchara 2004b). However, the crucial Th hot spot in CZ is located in southern Moravia. The increased
accumulation of total Th in moss in the Black Triangle I area is of much less concern.

d) Comparison with other countries

The mean Th content in moss Pleurozium schreberi in southern Sweden was found to be 0.110 pg.g” and 0.039
pg.g’' in 1975 and 2000, respectively. The decrease in Th content was significant (Rithling and Tyler 2004). The
content of Th in moss species in the Central Barrenlands was determined to be between 0.03 pg.g” and 1.60 pg.g"
(Chiarienzelli et al. 2001). The medians of the Th content in Hylocomium slendens and Pleurozium schreberi from the
Barents region were 0.022 pg.g” and 0.024 pg.g”, respectively (Halleraker et al. 1998). For Norway, the mean and
median Th contents in Hylocomium splendens were published as 0.07 pg.g” and 0.04 pg.g’', respectively (Berg and
Steinnes 1997). The medians of the Th content in Plenrozium schreberi from the Silesia—Krakéw and Legnica—Glogéw
industrial areas and from the control area in northeastern Poland were 0.17 pg.g', 0.13 pg.g' and 0.10 pg.g’,
respectively (Grodziriska et al. 2003). In five sets of moss samples of Hylocomium splendens and Hypnum cupressiforme
from Romania, the range of Th content was 0.064-5.3 pg.g” (Lucaciu et al. 2004).
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Figure 21 Relative deviations (%) of regional mean and median Th contents in moss from the respective
average values for CZ as a whole
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Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
81 13 (I1IB) I; 111 204.383 1.44
Tl Density Melting point Boiling point Earth crust Human body
(g.cm?) (°C) (°C) (mg.kg") (mg.kg™")
11.850 304 1473 0.530-0.750 No data

a) Properties, occurrence and use — general

Selected physical and chemical properties of thallium (TI) are presented in the introductory table. TI has both
chalcophile and lithophile properties. In nature, Tl does not appear in a pure form due to easy oxidation. Natural T1
has two stable isotopes, ***T1 and *T1 (29.5% and 70.5%). About 25 radioisotopes are produced in the course of the
decay of unstable elements in the families of uranium (Tl and *'°T1), thorium (**TI) and actinidium (**’T1), or
have been created artificially. Minerals of T1 are rare. Tl is scattered mainly in pegmatites and granitoids, and there
are several minerals in which it appears only rarely. Tl can be found abundantly in zinc, lead and iron sulphides
(200-5000 mg.kg') and in about 30 other minerals, e.g., in vrbaite (HgsTliAssSbaSa), lorandite (TIAsS,),
picotpaulite (T1Fe,S;), thalfenisite [Tls(Fe,Ni,Cu)25S26Cl], rebulite (T1sSbsAssS22), crookesite (T1Cu;Ses), and others.
In several minerals (plagioclase, mica, feldspar, soil clay minerals), T1 can isomorphically substitute K and Rb. The
content of Tl in magmatic rock is 0.05-2.0 mg.kg"', while in sedimentary and metamorphic rocks it is 0.01-3.0
mg.kg! (Benes 1994). Soil covers contain TI within the range 0.01-1.0 mg.kg". The content of Tl in coal and coal
ash is most frequently about 0.85 and 25 mg.kg" (Trebichavsky et al. 1998). Ash particles released in combustion of
brown coal are the main sources of atmospheric TI (Kazantzis 2000). European soils contain on an average 0.66
mg.kg'. No particular difference has been found between the T1 content in topsoils and in subsoils (De Vos and
Tarvainen 2006). In soils on floodplain sediments, the content of water soluble T1 was found to be low (Jakubowska
etal. 2007). Concentrations of Tl in sea and stream waters are 0.00001 pg.I" and 0.00003 pg.I"', respectively.

Tl is not known to be an essential element for any group of organisms. Natural levels of T1 in plants are reported
to be between 0.01 and 3 800 mg.kg". The typical content of Tl in plants is 0.03-0.3pg.g”, and Tl concentration
rises with the age of the plant leaves. Species of the Brassicaceae family, including many food crops, are ranked as
ythallophile® plants, with a typical T1 content of about 1.5 mg.kg™'.

However, Plantago lanceoalata species was able to accumulate as much as 321 pg.g' in its roots, and the TI
hyperaccumulator lberis intermedia can accumulate considerably more T1 (Schoer and Nagel 1980, Tremel and
Mench 1997, Anderson et al. 1999, LaCoste et al. 2001, Al-Najar et al. 2003, Wierzbicka et al. 2004). In a beech
forest in an unpolluted part of Sweden, the Tl concentrations in beech leaves, litter, forest floor humus and
mushrooms were 0.002-0.004, 0.016, 0.030 and 0.0005-1.4 mg.kg" (Tyler 2005).

Tl is used in the production of special steels, ceramics, glass, photocells, electrotechnical compounds (rectifiers,
discharge lamps, semiconductors), green fluorescent tubes for reprographic copiers, optics for night vision, for dyeing
jewelry, pharmacological products, etc. TLSO4 was formerly used in the production of insecticides and rhodenticides.
Trace amounts of thallium are used as a contrast agent in the visualization of cardiac function and tumors. The main
anthropogenic sources of TI are from the operation of industrial furnaces, steel slugs, cement production, metal
refining, etc.

Tl and its salts are highly toxic or extremely toxic for animals and plants (about 1 mg.I"). The toxicity of Tl is
comparable with the toxicity of lead or cadmium. T1 replaces K in biological structures. T1 poisoning may occur via
oral ingestion, inhalation of contaminated dust, or dermal absorption. Contact with the skin, mainly with highly
soluble TI*! compounds, is very dangerous. T is suspected to be a human carcinogen. The lethal dose of Tl is 15-20
mg.kg!, but even smaller doses can be fatal. Tl is first spread to the well-perfused organs such as the kidneys, liver,
and muscles. Over the next few hours, T1 is distributed into the CNS. Intoxication of man (600 mg.day™) produces
similar symptoms as for As and Pb, causing vision disorders, vomiting, diarrhoea, cramps, hair loss, injury to the
nervous system, total blindness, liver failure, kidney failure and death (Nriagu 1998, Kazantzis 2000, Xiao et al.
2004). Only small differences have been observed in the toxic effects of TI*! and T1*. The antidote to Tl is potassium
ferrihexacyanoferrate (Prussian blue or Berlin blue), or detoxication via dialysis. In plants, toxic concentrations of T1
cause chlorophyll degradation (chlorosis), decreasing efficiency of photosynthesis, marginal leaf necroses, decrease of
growth (Kaplan et al. 1990b).
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b) Distribution of TI content in moss in 2000

The content of T in moss samples in CZ in 2000 was 0.009-0.479 pg.g™', and the mean and median values were
0.049 pg.g' and 0.037 pg.g' (Table 5). The basic statistics for analytical results of the samples collected in the
individual administrative regions are shown in Tables 6-18.

The distribution of T1 content in moss in CZ is depicted in the inserted classed post map and isopleth map. The
following area of high Tl accumulation in moss is shown in the inserted maps:

1. A cross-border area to the north of Dé¢in (Mikuldsovice) in northwestern Bohemia.

A slightly increased content of TI in moss was found at small isolated sites near Jablonec nad Nisou in northern
Bohemia, near Tachov in southwestern Bohemia, at Horni Pland and Suchdol nad LuZnici in southern Bohemia,
near Krnov in northwestern Moravia, and near Frydek Mistek in northeastern Moravia. In contrast, the lowest
content of Tl in moss was observed in southwestern and western Bohemia, and in southwestern and southeastern
Moravia. In about 90% of the CZ territory, the Tl content in moss did not exceed 0.08 pg.g”" and in 50% of the CZ
territory the value was lower than 0.04 pg.g'. The differences in the average TI content in moss in the individual
administrative regions in comparison with the average T1 content in moss in CZ are shown in Figure 22.

¢) Identification of potential pollution sources
1. The reason for the high accumulation of Tl in moss near Décin (the abandoned Elbe Sandstone Mountains
area) is uncertain. It cannot be due to any local industrial pollution source in CZ. There is no information
as to whether the nearby German town of Sebnitz operates some industrial source of TL. The increased TI
content in moss may be associated with a local geochemical anomaly, for example, an outburst of a layer of
Tl-rich sediments. Wind erosion of the sedimentary rock may be the vector spreading Tl in the
surroundings. Accidental contamination of the moss samples can be excluded, because sites in the same

position with an increased accumulation of Tl in moss were determined in the bio-monitoring campaign in

2005.

The increased accumulation of T1 in moss near Krnov in northwestern Moravia may have been caused by the
combined effect of increased soil and urban/industrial dustiness in the southeastern suburb of Krnov.

d) Comparison with other countries

The mean T1 content in moss Pleurozium schreberi from southern Sweden decreased significantly twofold, from
0.152 to 0.066 pg.g”, in the period 1975-2000 (Riihling and Tyler 2004). The content of Tl in moss species in the
central Barrenlands was between 0.005 pg.g”’ and 0.191 pg.g' and in Hylocomium splendens 0.037 pg.g’
(Chiarienzelli et al. 2001). The medians for T1 content in Hylocomium splendens and Pleurozium schreberi from the
Barents region were 0.017 pg.g” and 0.013 pg.g”, respectively (Halleraker et al. 1998). Mean (0.12 pg.g') and
median (0.06 pg.g) values for T1 content in Hylocomium splendens from Norway were published (Berg and Steinnes
1997a). The TI content in Pleurozium schreberi and Polytrichum formosum in lightly contaminated areas of the Neisse
(Nissa) Euroregion was 0.04-0.13 and 0.01-0.05 pg.g™, respectively (Heim et al. 2002).
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Figure 22 Relative deviations (%) of regional mean and median TI contents in moss from the respective
average values for CZ as a whole
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2.3.1.21 URANIUM

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
92 Actinoid I1L; IV; V; VI 238.029 1.32
U Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
19.050 1132.2 3927 1.80 0.001

a) Properties, occurrence and use — general

The introductory table above provides basic information about the physical and chemical properties of uranium (U),
an element from the rank of actinides. U is not a rare element; it is more abundant in the Earth's crust than beryllium or
tungsten. Natural U has three radioisotopes, ?**U (natural abundance 0.01%; half-life 2.5x10° years), *°U (0.7%;
7.13x10%) and #8U (99.2%; 4.5x10? years). About 25 other radioactive isotopes of U have been detected. Apart from
dispersed forms of U in rock matrix, it can be found in some U ores, such as autunite [Ca(UO,),(PO4),.xH,O],
broggerite (uraninite with ThO), carnotite [K2(UO,),V,05.3H,0], lanthinite [(UO,)(UO;)s 10H,O], pitchblende or
uraninite (UQO,), uranotile [Ca(UO,),S1,0,-6H,0] and others, and in U micas [M(UO,),(XOy),. xH,O]. A new
mineral, cejkaite [Nas(UO,)(COs)s], has, recently been revealed in Jéchymov, Czech Republic (Ondrus et al. 2002). U
was extracted at several sites in CZ (e.g., StrdZz pod Ralskem, Dolni Roznd, Piibram, Jichymov, Broumov, etc.) In
igneous rocks, the U content ranges from ca 0.001 mg.kg"' for ultrabasic rock to 3 mg.kg™ for acid granites and syenites.
Sedimentary rocks contain U in an amount of 0.47-3.7 mg.kg"' (Bene$ 1994). U is a lithophile element, and soil
contains U in amounts of 0.001-1 mg.kg"'. However, the typical content of U in the whole profile of European soils is
2 mg.kg". U is accumulated in stable and mobile (fulvic acids) humus in soils. Some soil microogranisms can reduce U*®
under anaerobic conditions to U*, which is very slightly insoluble and mobile in the environment. The content of U in
stream water is on an average about 0.04 pg.l'. However, in streams and sediments in the Krusné Mts, the Bohemian
Massif and on Moravian durbachites, the U content exceeds 1 pg.I" and 2 mg.kg™.

No group of organisms is known to require U as an essential element. The typical content of U in vessel plants
ranges between 0.005 and 0.06 pg.g”', depending on the soil properties (Pulhani et al. 2005). U concentration in
leaves increases with the age of the leaves. Uranyl phosphate was found to be the principal U species in plants (Chen
et al. 2005, Gunther et al. 2003). Some organisms, e.g., corals and several plants (Coprosma arborea, Uncinia
leptostachya, Astragalus spp.), can accumulate U in larger amounts. Plants that can accumulate U are used for
phytoremediation of U-contaminated areas (Shahandeh and Hossner 2002a, 2002b, Mkandawire et al. 2004). The
respective U concentrations in beech leaves, leaf litter, forest floor and mushrooms from an unpolluted beech forest
were determined to be 0.002-0.006, 0.021, 0.071 and 0.0003-0.0017 pg.g”, respectively (Tyler 2005). The total
uranium content in pine trees (Pinus sylvestris) growing on different soils in Belarus was found to range greatly from
0.00013-0.375 pg.g", and the concentrations decreased in the order: wood > bark > roots > branches > needles
(Anisova and Yakushev 2006).

The arms industry uses U in the production of fission bombs, and **U in the production of plutonium. Depleted
U alloys are suitable for the production of high-powered ammunition and containers for radioactive materials. *U is
used as a fuel in nuclear power plants and submarine reactors. U salts are utilised as glass and wood dyes, as
photographic toners, as contrasting agents in electron microscopy, and as integrators of light, etc. Determinating the
concentrations of U isotopes is used as a way of dating geological objects.

U presents both chemical and radiological hazards. Exposure to U radiation in mines is associated with exposure
to radon, an element that initiates lung cancer (Tomasek et al. 1994). Tolerable inhalation and ingestion doses
correspond to U concentration in air of 0.07 pg.m?, and the daily U intake is 0.6 pg.kg" per body weight. The lethal
U dose for rats LDso is 114 pg.g”. Soluble U can be absorbed through the skin. The chemical effects of inhaled or
ingested U appear as pulmonary oedemas, inflammation or emphysema, renal and kidney dysfunctions, decreased
fertility, etc. Radioactivity of **U causes reduced fertility, and causes miscarriages and foetus malformations in
mammals, and damage to the brain. Intake of any U isotopes increases internal radioactivity, resulting in increased
occurrence of cancer of the lungs, kidneys, bones, the gastrointestinal system and other organs. Sheppard et al.
(2005) published predicted no-effect concentrations of U in natural matrices for non-human biota.
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b) Distribution of U content in moss in 2000

Tables 5-18 provide basic statistics of moss analyses for the whole set for CZ and moss samples from the
individual administrative regions. The current content of U in moss was found to be in the range of 0.089-0.162
pg.g', and the mean and median U content in moss was 0.036 pg.g"' and 0.031 pg.g™.

The distribution of U content in moss at the individual sampling plots and the interpolated U content in moss in
CZ are depicted in the inserted classed post map and isopleth map, respectively. The inserted maps show the
following hot spots of increased accumulation of U in mosses:

In southern Moravia between Pferov and Mikulov.
In the border area near Frydlant in northern Bohemia.
Near Stréz pod Ralskem in northern Bohemia.

B =

In the brown coal basin near Most in western Bohemia.

There was a very locally increased U content in moss near Zadni Chodov in western Bohemia, near Ttebi¢ in
southwestern Moravia, near Poli¢ka in eastern Bohemia, near Mélnik and Kladno in the northwestern part of central
Bohemia, and near Krnov in northwestern Moravia. In contrast, the lowest content of U in moss was found in
southwestern Bohemia, northeastern Bohemia, northwestern Moravia and in eastern Moravia. In about 70 % of the CZ
territory, the U content in moss did not exceed 0.04 pg.g”. The differences of the average U content in moss in the
individual administrative regions in comparison with the average U content in moss in CZ are depicted in Figure 23.

The distribution of elements in moss in southern Moravia (hot spot number 1) was investigated in greater detail,
in special monitoring campaigns carried out 2002-2003 using Hypnum cupressiforme as a moss biomonitor
(Sucharovi et al. 2003). The inserted colour picture specimen shows the area distribution of measured U content
(n = 63 sites) and interpolated U content (content isopleths) in the moss in southeastern Moravia in 2003. This
distribution of U content in the moss reflects mainly the current deposition rates of eroded soil particles from the
local soil covers. The picture documents the highly probable cross-border transfer of eroded soil particles carrying U
and other typical soil elements.

¢) Identification of potential pollution sources
The high accumulation in moss of U, a typical lithophile element, can be explained by the operation of the
following factors:

1. Wind erosion and spreading of solid particles from soil covers on sediments of Carpathian flysch.

2. Soil/industrial dustiness associated with extraction and burning of brown coal and the operation of the
nearby Turéw power plant in Bogatynia, Poland.

3. Wind erosion of stony dumps, and spreading of soil and humus particles from the nearby abandoned
uranium pit area, where extraction of U ceased in the mid 1990s.

4. Extraction of brown coal and coal burning in local power plants and industrial furnaces.

Increased accumulation of U in moss may have been caused by the former operation of uranium pits near Zadn{
Chodov (erosion of soil particles and material from slag heaps), local geochemical anomalies in syenite and granite
rock (Ttebi¢, Policka), wind erosion of flooded sediments, arable soil and warps, and the operation of a brown coal
power plant near Mélnik, industrial burning of coal and wind erosion of solid particles from dumps in the former
industrial district of Kladno, wind spreading of urban dust and soil particles in the suburb of Krnov, where there is
sparse vegetation protection.

d) Comparison with other countries

A significant decreasing trend of U content in moss from southern Sweden has been reported. The respective
mean U contents in Pleurozium schreberi from this area were found to be 0.057 pg.g” and 0.015 pg.g"' in 1975 and
2000, respectively (Riihling and Tyler 2000). The U content in moss species in the Central Barrenlands was 0.17—
0.29 pg.g" (Chiarenzelli et al. 2001). The medians for U content in Hylocomium splendens and Pleurozium schreberi
from the Barents region were 0.011pg.g” and 0.009 pg.g™, respectively (Halleraker et al. 1998). For U content in
moss Hylocomium splendens from Norway, Berg and Steinnes (1997) presented a mean value of 0.05 pg.g’ and
a median value of 0.038 pg.g"'. The published medians of U content in the Silesian—Krakéw industrial area, the
Legnica—Glogéw industrial area and a control area in northeastern Poland were 0.10 pg.g”, 0.08 pg.g” and 0.05
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pg.g', respectively (Grodzifiska et al. 2003). In Slovakia, the mean and median U content in moss was found to be
0.14 and 0.09 pg.g', respectively (Marikovskd et al. 2003, Florek et al. 2007). In mosses (Scleropodium purum,
Pleurozium schreberi and Eurhynchium praelongum) the U content was as high as 1.18 pg.g”, while the mean and
median values were 0.11pg.g” and 0.07 pg.g” (Abblard-Gross et al. 2004). The accumulation of U in substitutional
moss bioindicators Hylocomium splendens and Hypnum cupressiforme from five sampling campaigns in Romania was
determined to be within the range 0.010-1.4 pg.g"' (Lucaciu et al. 2004). The active ranges of radioisotopes ***U,
#4U, U in moss and lichen samples from the Antarctic region were <0.5-7, <0.5-7 and 0.020-3 Bq.kg’,
respectively (Mietelski et al. 2000).
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2.3.1.22 YI'TRIUM

Symbol Proton number Group IUPAC Oxidative Relative Electronegativity
(European) states atomic weight (Allred-Rochow)
39 3 (II1A) 111 88.906 1.11
Y Density Melting point Boiling point Earth crust Human body
(g.cm?) °C) °C) (mg.kg") (mg.kg")
4.472 1526 3336 29.000 No data

a) Properties, occurrence and use — general

The basic physical and chemical properties of yttrium (Y), a lithophile element ranked among the rare earth
elements, are given in the introductory table. Surprisingly, Y is not a very rare element; it is more abundant in the
Earth’s mass than lead, for example. Natural Y has one stable #Y isotope and it is a product of nuclear fission. About
thirty radioisotopes have been discovered, most of them with a short lifetime. Y is accompanied by elements from the
group of rare earth elements in some minerals, such as fergusonite (YNbOy), gadolinite (Y>FeBe;Si;O10), euxenite
[(Y,Ca,Ce)(ND,Ta,Ti),Oq], xenotime (YPOy), yttrialite [(Y,Th),Si,O;] and it is scattered in traces in rock masses (in
feldspar, biotite, pyroxene, apatite). Magmatic rocks contain 0.1-40 mg of Y per kilogram, ultrabasic rocks are the
poorest in Y. It is slightly accumulated in granitic rocks (average 40 mgkg') and in basalts (32 mgkg'). The Y
content in sedimentary rock is stated to be in the range of 15-40 mgkg' (Bene§ 1994). Y is adsorbed to clay
minerals; loess contains about 25 mg.kg"'. Soil covers contain Y in an amount of about 10-50 mg.kg"'. The
FOREGS survey stated that the median content of Y in European topsoils and subsoils is 21 and 23 mg.kg”,
respectively (De Vos and Tarvainen 2006). Typical Y contents in stream sediments are 20-30mg.kg™, however
contents above 40 mg.kg' appear in the area of Variscan granites in CZ and in adjacent parts of Germany and
Austria. Y concentrations correlate strongly with concentrations of the other rare earth elements, and with Cd and U.
Stream waters contain on an average about 0.055-0.065 pg of Y per litre. For seawater, the stated Y content is 0,013
pg.l". Generally, Y is one of the small mobile elements in the environment.

No group of organisms is known to require Y as an essential element. Concentrations of Y in vessel plants are
stated to be in the range of 0.15-0.77 pg.g”. Y concentrations increase with the age of the leaves, similarly as in the
case of lanthanides. Some species, e.g. of genus Porifera or Cary, have been found to accumulate Y in higher
concentrations. In beech leaves, litter, forest floor and mushrooms from an unpolluted beech forest in Sweden, Tyler
(2005) determined Y concentrations 0.021-0.065, 0.195, 0.516 and 0.0013-0.0076 mg.kg™, respectively.

Y and its compounds are used in the production of red phosphorus for television tubes (Y>O3), producing red
light in TV and in monitors, Y-Al or Mg alloys and supraalloys, microwave filters, wear-resistant coatings for cutting
tools, X-ray identification screens, spark plugs, gas mantles for propane lanterns, high temperature superconductors,
special ceramics, catalysts in electronics, transmitters and receivers in radar and radio equipment, etc. Some
radioisotopes of Y are used for treating tumours.

b) Distribution of Y content in moss in 2000

The basic statistics for analytical results for all samples and data sets from the individual administrative regions are
given in Tables 5-18. The content of Y in the CZ moss samples ranged between 0.067-1.16 pg.g”, and the average
and mean values were 0.210 pg.g”' and 0.177 pg.g’, respectively.

The distribution of Y in moss in CZ is depicted in the inserted classed post map and isopleth map. The inserted
maps show the following sites of high accumulation of Y in moss samples:

1. Southern Moravia between Pferov and Mikulov.

Increased Y accumulation in moss was found mainly in the brown coal basin in the Most district in western
Bohemia, near Krnov in northwestern Moravia, and near Mélnik in central Bohemia. The lowest content of Y was
found in the moss samples originating from southwestern Bohemia, and in some parts of northern Bohemia and
northeastern Moravia. Figure 24 shows the differences in the average Y content in moss in the individual
administrative regions in comparison with the average Ym content in moss in CZ as a whole.

¢) Identification of potential pollution sources
The hot spot with a bio-indicated high Y deposition rate is predominantly due to the effect of lithogenic Y.
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1. High accumulation of Y in moss can be caused by high atmospheric deposition of soil particles due to wind
erosion of soil covers on sediments of Carpathian flysch. Y and the other rare earth elements are adsorbed to
clay minerals of the sea sediments.

The increased content of Y in moss may be associated with increased deposition loads of soil and ash particles
released during extraction of brown coal and the operation of power plants in the coal basin in western Bohemia. At
the monitoring plot near Krnov, which is sparsely protected by vegetation cover, there is wind erosion mainly of soil
and to a less extent of urban/industrial dust (production of compounds for TVs and PCs). Similarly, the increased Y
deposition in northern Bohemia and in northeastern Moravia is caused by the dustiness of the bare soil covers and by
industrial dusts.

d) Comparison with other countries

The mean Y content diminished nearly threefold in moss in southern Sweden over a period of 25 years. For this
region, the mean Y content in Pleurozium schreberi was determined to be 0.27 pg.g' and 0.10 pg.g” in 1975 and
2000, respectively (Riihling and Tyler 2004). The content of Y in Pleurozium schreberi was found to be 0.54-2.70
and 0.70-8.43 pg.g'in areas of low and high traffic density, respectively, in Finland (Niemeld et al. 2007).
Hylocomium splendens in the Central Barrenlands contained Y in an amount of 0.13 pg.g”, while other moss species
accumulated Y up to 3.38 pg.g’ (Chiarezenli et al. 2001). In the Barents region Hylocomium splendens and
Pleurozium schreberi contained Y in amounts of < 0.1 pg.g” (Halleraker et al. 1998). For Norway and Hylocomium
splendens the mean and median Y content was found to be 0.31 pg.g' and 0.23 pg.g”, respectively (Berg and
Steinnes 1997a).
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Figure 24 Relative deviations (%) of regional mean and median Y contents in moss from the respective average
values for CZ as a whole
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2.3.2 CURRENT DEPOSITION AMBIANCE

2.3.2.1 DISTRIBUTION OF LOADS

The current content of elements in moss reflects the relative mean annual atmospheric deposition rates (bulks) of
the elements at the individual sampling plots. In order to evaluate the distribution of the element deposition rates in
CZ, the load classes had to be defined for the individual elements. The element contents in moss Pleurozium schreberi
from the least affected parts in sparsely populated remote sites in Arctic Europe (e.g., Reimann et al. 1997; 2001,
Steinnes et al. 2001) were taken as reference values. These reference values may, with reservations, be accepted as
values close to the background element content in moss in pre-industrial Europe. The maximum content of elements
in the most affected parts of CZ and Europe were accepted from the previous moss monitoring surveys (e.g., Riihling
and Tyler 2004, Siewers and Herpin 1998). The expected range of element content in moss was divided into four
categories (content classes 1-4), as defined in Table 19. These content classes bio-indicate lowly, medium, highly and
very highly loaded zones of atmospheric deposition for individual elements.

The first concentration category, distinguishing lowly loaded areas in CZ, was defined as approximately twice
higher accumulation of elements in moss than the reference “European background”. The next content level is
defined as about two times higher element content in moss than the first content level. The highest content levels
were delimited more rigorously, because of the anticipated but not correctly known element contents bio-indicating
deposition loads with some harmful single or multiple effects. Element contents in moss defining the relative
deposition rates of the individual elements in CZ have also been presented (Suchara and Sucharovd 2004a). For total
nitrogen, these four content levels were defined subjectively using the CZ range of N content in moss and an
assessment of the eutrophication levels of the sampling plots through the frequency of occurrence of nitrophile plants
and chlorococcal algae covers on the twigs and trunks of trees.

Each sampling plot was evaluated by element contents at the respective content levels. These content levels for
the individual elements and sampling plots are given in Appendix—Table 2. The range of mean content levels for the
22 elements in moss at 250 CZ sampling plots was 1.00-2.68.

Seven sampling plots (20, 68, 139, 145, 161-01, 162 and 170-01) indicated low atmospheric deposition levels of
the 22 investigated elements, including the deposition of reactive nitrogen. In 24 other localities, only one element
showed at most a medium deposition load. These cleanest sites were situated mainly in southwestern and southern
Bohemia. Individual localities with generally very low bio-indicated deposition rates were also found in northeastern
Bohemia, in the Brdy Mts., and in Moravia in the Jesenik Mts., the Czech-Moravian Highlands, in the Hostynsko-
Vizovickd Highlands, and in exceptional cases elsewhere. Taking into account the previous evaluation of the bio-
indicated deposition rates of 14 elements (Sucharovd and Suchara 2004a), localities 20, 145, 162, 161-01, 139 and
170-01 appear to be absolutely least affected by deposition loads of the 36 elements.

In contrast, the highest content of the 22 elements in moss, exceeding an average medium level of 2.5, was found
at localities 175-01, 23, 176 and 177-01. The highest indicated average deposition rates were found in southern
Moravia and only at one locality (Most) situated in the former so-called Black Triangle I area. The highest
atmospheric deposition loads of the 14 other elements (Sucharovd and Suchara 2004a) were also revealed at the same
sites.
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Element Atctic Europe Czech Republic 2000

content

pg.g’ “Unaffected” Low loaded Medium loaded Highly loaded Very highly
(Reference level) (Level 1) (Levels 2) (Level 3) loaded (Level 4)

Ag <0.025 <0.03 0.03-0.07 0.071-0.09 >0.09

Ba <20 <25 25-40 40.1-50 > 50

Be <0.02 <0.04 0.04-0.07 0.071-0.09 >0.09

Bi <0.015 <0.03 0.03-0.06 0.061-0.08 >0.08

Ce ? <0.9 0.9-1.8 1.81-2.4 >2.4

Cs ? <0.6 0.6-1.5 1.51-2.1 >2.1

Ga ? <0.25 0.25-0.40 0.41-0.50 >0.50

In ? <0.0018 0.0018-0.0030 0.0031-0.0038 >0.0038

La <0.45 <0.5 0.5-1.1 1.11-1.5 >1.5

Li ? <0.4 0.4-0.85 0.86-1.15 >1.15

Mn <350 <700 700-1150 1151-1450 > 1450

N ? <9700 9 700-12 000 12 001-16 000 > 16000

Pr ? <0.10 0.10-0.22 0.221-0.30 > 0.30

Rb <9 <30 30-60 60.1-80 > 80

Sb <0.04 <0.125 0.125-0.200 0.200.1-0.250 >0.250

Se <0.20 <0.28 0.28-0.52 0.521-0.68 > 0.68

Sn ? <0.25 0.25-0.40 0.401-0.50 > 0.50

Sr <9 <12 12-21 21.1-27 >27

Th <0.10 <0.15 0.15-0.30 0.301-0.40 > 0.40

Tl <0.015 <0.06 0.06-0.15 0.151-0.21 >0.21

U <0.015 <0.04 0.04-0.07 0.071-0.09 > 0.09

Y <0.12 <0.24 0.24-0.48 0.48.1-0.64 > 0.064

Table 19 Element contents in moss defining the relative levels of deposition loads in CZ and an estimate of element contents in
moss for “unpolluted” areas of Europe. (? — coefficient is not available)

The mean element content level (level of mean accumulation of elements) indicates the general load of the
sampling plot by the deposition rates of all 22 elements investigated here. Due to the shortage of knowledge of how
to quantify the differences in environmental effects and epidemiological toxicity for the individual elements, and for
the diverse amounts deposited, the synergistic multieffects of elements in various deposition mixtures, etc., equal
content levels are used for each element. However, this does not seem to be a satisfactory solution. Co-operation with
experts from the ICP-Effects programme is needed in this field.

The limits of the mean element content levels (mean accumulation of all 22 investigated elements), bio-
indicating generally low, moderate, high and very high deposition zones, were subjectively specified as follows in

Table 20:

Mean element Corresponding General deposition Mean element
content level deposition zone loads of content level
22 elements 14 elements

1.00-1.30 I low 1.00-1.35
1.31-1.60 I moderate 1.36-1.70
1.61-1.90 I high 1.71-2.05
1.91-2.68 v very high 2.06-2.93

Table 20 Intervals defining the deposition zones of the general deposition loads for the 22 elements
investigated here and for the 14 elements determined earlier (Sucharovd and Suchara 2004a)

Unlike the definition of the general deposition zones for the 14 obligatory elements (Sucharovd and Suchara
2004a), for the 22 elements investigated here the deposition zones must be defined slightly more rigorously. For
example, when the content of only one element is increased, the mean deposition level will be 1.02 times lower for
the data set of the 22 elements than for the 14 elements.
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The inserted map showing the distribution of the deposition zones (I-IV) for the 22 elements depicts the
following three crucial areas in CZ with bio-indicated increased general deposition rates:

1. Northwestern Bohemia, mainly in a coal basin. The area was highly industrialised in the past and formed the
Czech part of the so-called Black Triangle I area (an industrialised brown coal basin spanning the Czech, German
and Polish cross-border area). Coal is still being extracted and some coal power plants and industrial plants are still in
operation in this region. However, the atmospheric deposition rates are now much lower than they were bio-
indicated in earlier bio-monitoring campaigns. The area suffers from high deposition rates of elements bound to
dustiness associated with extraction and industrial combustion of brown coal.

2. Northeastern Moravia (mainly the CZ part of Silesia) around the black coal basin. Coal processing,
metallurgical and engineering industries were concentrated in the Czech and Polish parts of this coal basin,
sometimes referred to as the Black Triangle I area (Markert et al. 1996). Industrial production has been strongly cut
back, and there are now smaller amounts of industrially combusted coal around this coal basin. On the Slovak side of
the border, there are some industrial plants in operation near Martin and further south along the river Véh (Suchara
et al. 2007). Generally, however, the bio-indicated deposition rates of the elements have been going down in each
bio-monitoring campaign, at least on the CZ side of the border. The centre with the highest deposition loads of
combined industrial and soil dust has been bio-indicated around Frydek Mistek (mining and processing of coal,
operation of metallurgical and engineering industries, incinerators and heat plants, dumps, brickworks, concentration
of traffic, etc.).

3. Southeastern Moravia. In this classic agricultural region, there has been little industrial activity, except in the
vicinity of some small local lignite mines. The bio-indicated increased deposition loads of many lithophile elements
point to relatively high atmospheric deposition of soil particles from large fields in the locality. The area is known for
high levels of wind erosion of soil covers developed on tertiary sea sediments (Carpathian flysh). Some elements, e.g.,
uranium and rare earth elements, have been deposited at higher levels than in most industrial areas in CZ. This
dustfall has led to the highest deposition rates of many elements in CZ, and surely also affects nearby areas in Austria
and Slovakia. By analogy to the Black Triangles, this area affected by high dust deposition can be referred to as a
Dusty Triangle operating in Central Europe. The operation of this non-industrial pollution source has been induced
by anthropogenic deforestation and by large-scale ploughing. In contrast to the former Black Triangles, the effects of
which are diminishing, the Dusty Triangle will have an increasing impact as global climatic changes lead to higher
levels of wind erosion. This is the largest area severely affected by a very high deposition level of soil dust in CZ. The
extent of the affected area is controlled by the current intensity of wind erosion.

The remaining small and local areas suffering from very high deposition loads of 22 elements (zone IV) are
situated near Frydlant (effects of the operation of the Turéw power plant located in the Polish part of the Black
Triangle area), Kladno (dustiness from local slag heaps in the abandoned former industrial centre).

A larger area of generally high deposition rates of the 22 investigated elements (zone III) was bio-indicated in the
triangular area between Pardubice, Ceskd Tiebov4 and Hlinsko. This area is affected by increased deposition of soil
and industrial dust due to the operation of local industrial firms (e.g., engineering industry, production of glass
fibers) and concentrated overground traffic. The remaining individual localities are affecetd by local urban, industrial
and soil dust (plots 8-01; 77-01), industrial and soil dust (24-01; 29; 33) or they may have been accidentally
contaminated by soil dust (54, 83-02, 156).

2.3.2.2 LONG-RANGE TRANSPORT OF AIR POLLUTANTS

The current moss monitoring results could not reveal the effects of long-range transported elements in the CZ
territory due to internal and neighbouring pollution sources, which nevertheless have a marked impact. However, the
crucial influence of the home pollution sources is marked in the isoline maps, and extends only to a distance of
several tens of kilometres.

However, transport of atmospheric pollutants across the CZ borders is highly probable. Mutual cross-border
transport of atmospheric pollution takes place in the former Black Triangle areas (see Chapter 2.3.2.1). The cross-
border transport of 14 elements was discussed in the first part of this CZ moss survey (Sucharovd and Suchara
2004a). Transport of the 22 predominantly lithophile elements is associated with wind erosion and the spread of
relatively coarse soil, dust or coal ash particles. This transport is characterized by high sedimentation speed and short
flying range. For example, short range transport of Be, Ce, Ga, La, Li, Pr, Rb, Se Sr and Y can be assumed from the
northwestern Bohemian coal basin to the adjacent area in Saxony (Germany). In contrast, Ba, Ga, La, Th, Y and
other lithophile elements are transported from the Polish part of the brown coal basin to the adjacent CZ territory
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(Frydlant region, the Jizerské Mts and the western part of the Krkonose Mts). In the former Black Triangle II area,
chalcophile and lithophile elements (e.g., Ag, Be, Bi, In, Sn) bound on industrial dust and soil particles are mutually
transported between the CZ and Polish parts of the Black Triangle IT area. The exchange of these elements will be
much lower across the Czech and Slovak border, due to the barrier provided by the Beskydy Mts). From the hot spot
in southern Moravia, eroded soil particles containing, e.g., Ba, Be, Ce, Ga, La, Li, Sr, Th, U, Y, and other lithophile
elements, can be easily transported to the adjacent Austrian area,, due to the NE-SW orientation of the lowlands and
the prevailing wind directions. Less effective transport of these particles through the southern foothills of the Bilé
Karpaty Mts and easier transport of pollutants to the Slovak side of the borderline part of the river Morava can be
predicted. Due to intensive agricultural activity on the Austrian and Slovak sides of the border, occasional transport
of soil particles to CZ territory can be predicted. However, the chemistry of the local clay and sandy sediments differs
markedly, and the element composition of the dominant soil covers and the deposition rates of the elements in the
Austrian and Slovak parts of this potential hot spot triangle are not available.

Several hot spots of Cs and Rb have been revealed in the mountains along the CZ border (e.g., the Jizerské Mts,
the Kru$né Mts, the Sumava Mts, and the Nov4 Bysttice district). Assuming that Cs and Rb are taken up from the
subsoil and accumulated in tree litter, the spread of Cs- and Rb-rich litter and forest floor debris across the border
can be anticipated. However, there is no published data about the Cs and Rb content in moss samples collected on
the far side of the CZ border.

Nitrogen species bound in solid particles have spread in a short range around the hot spots. However, gaseous
nitrogen species can be transported for very long distances from industrial and agricultural sources in the hot spots.

Long-range transport of elements between CZ and remote pollution sources in other countries cannot be
properly revealed by isopleth maps of the distribution of elements in moss that cover only CZ. Determining and
mapping the distribution of suitable isotopic ratios in moss and in the emissions of pollution sources (isotopic
signature) would help to reveal and evaluate the effect of long-range transported air pollutants.

2.3.2.3 CORRELATIONS IN ELEMENT COMPOSITION

The complete correlation matrix, including correlation coefficients and the given significance levels for all
combination pairs of contents of obligatory and optionally determined elements in moss in 2000, are available in
Suchara et al. (2007).

Many significant correlations were found for the contents of 36 totally determined elements in the moss samples.
Most of the positive correlations indicate multielement atmospheric deposition loads. Al, Be, Ce, Fe, Ga, La, Li, Pr,
Th, U, V and Y show mutually significant and positive correlations. The Pr, Th and Y contents correlate almost
perfectly in the moss samples. These lithophile elements are closely associated with soil particles. It is evident that soil
dust is the most important compound component of atmospheric deposition loads in CZ. The relatively close
correlation between Fe and the rare earth element contents in the moss samples indicates that the most abundant
mass of Fe taken up by moss at the CZ sampling plots originated in soil particles rather than in particles from
industrial sources, for example steelworks. The almost perfect correlation of La, Pr, Th and Y contents in moss may
indicate integrity (no selective leaching and redistribution of element content) of the soil particles deposited at the
bio-monitors. These elements occur together in the soil and were proportionally captured or adsorbed by the moss
plants. The close correlation between the Cr and Ni content in the moss may indicate soil and/or industrial pollution
effects. On the other hand, significant correlations between Pb-Ag, Pb-Sn and Se-Sn may indicate pollutant
deposition loads emitted by non-ferrous smelters or by the engineering industry.

Total nitrogen content in moss correlated closely and positively with As, Cu, Fe, Hg, In, S and Se, which are
known lithophile and chalcophile elements. A very close correlation between N, S and Cu contents in moss has also
been found in other bio-monitoring campaigns in CZ.

However, the contents of some elements, Cs, Rb, Mn and Sb, tend to have slight or negative correlations with
other elements. This indicates that these elements are deposited in opposite ways, perhaps due to the operation of
other emission sources or opposite content in soil and industrial particles. The content of Rb showed slight but
significant and negative correlations mainly with typical lithophile elements (Al, Ce, Co, Cr, Ga, In, Li, Ni, Pr, S).
The contents of Sr-Sb, Sr-T1, Li-Sb and Mn-Tl in the mosses also showed significant and negative correlations.
However, some of the correlations that have been found may an accidental result of the combined effects of
atmospheric deposition and different composition of elements in different parts of the country (heterogeneous
deposition rates resulting in some mean proportions of the elements in the whole country).
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Synoptic results on the correlations among the element concentrations in the moss samples can be provided by
cluster analysis, which uses correlation coefficients as a distance measure of the similarity of the element distribution
in the moss samples. We adopted cluster analysis of the raw analytical results for the optionally determined elements
and for all the determined elements in the moss samples, and we used Ward’s method of amalgamation.

The results of the cluster analysis for the content variability of the optionally determined elements (raw data) are
shown in Fig. 25. The following four main clusters of elements are evident in the tree diagram: an aggregation of
typical lithogenic elements (Ce, Pr, La, Y, Th, U, Li, Ga, Be), the cluster of Cs, Rb, T1, the cluster of Ba, Sr, Mn and
a grouping of other elements Sn, Sb, Ag, In, Bi, Se and N.

Tree Diagram for 22 Eements
Ward's method, 1-Pearson r

Linkage Distance

U Th Y La Pr Ce Li GaBe Tl Ro Cs Mn Sr Ba Sn Sb N Se Bi In Ag

Figure 25 Results of cluster analyses for variability in contents of 22 optionally determined elements in all
investigated moss samples (n = 250, for nitrogen n = 249)

Fig. 26 shows the tree diagram for the concentration of all 36 determined elements in the moss samples.

The following six aggregates of elements can be seen in the diagram: (Mn, Sr, Be), (N, S, Cu), Ni, Cr, Co, Hg,
Be, As), (U, Th, Y, La, Pr, Ce, Fe, V, Li, Ga, Al), (T1, Rb, Cs) and (Sn, Sb, Se, Zn, Mo, In, Bi, Cd, Pb, Ag).

Correlation and cluster analyses for the obligatorily determined elements in moss in CZ are given in Sucharovd
and Suchara (2004a). Only Slovakia among the neighbouring countries has provided correlation or cluster analyses
of element contents in moss. The correlation matrix and the results of the cluster analyses for the Slovak moss survey
in 2000 are discussed in greater detail in Suchara et al. (2007).
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Tree Diagram for 36 Elements

Ward's method, 1-Pearson r

Linkage Distance

0 [ e

Mh Ba S N Co Be U Y P Fe Li Al Rb Sn Se Mo Bi Pb
St N Cu C Hg As Th La Ce V Ga T Cs Sb Zn In Cd Ag

Figure 26 Results of cluster analyses for variability in the contents of all 36 determined elements in all
investigated moss samples (n = 250, for nitrogen n = 249)

2.3.2.4 PRINCIPAL COMPONENT ANALYSES

The principal components method was used to extract factors that explain the variability of element
concentrations in the raw moss analytical data. The correlation matrix was computed for the determined contents of
the 22 optional elements and for all 36 elements in the moss samples. Varimax normalised was chosen as the rotation
factor. Five factors were extracted for both analysed sets of element contents in moss. Factor loadings greater than the
limit value of 0.700 for a given element content in moss are discussed further. The operation of these extracted
factors may be associated not only with the relation of the efficiency of element uptake by moss in a given
environment but also with the distribution of the pollution sources, speciation of the emitted elements, factors
controlling spreading and deposition of these pollutants, etc.

Principal component analysis applied to the analytical results (raw data) of the 22 optionally determined element
contents in moss showed that the content variability of some elements can be substantially explained by the operation
of the following five factors:

Factor L Be, Ce, Ga, La, Li, Pr, Th, U, Y, (explained variability 9.1 %).
Factor 1l,: Sb, Sn, (explained variability 3.6 %).

Factor III: Cs, Rb, (explained variability 2.4 %).

Factor IV2,: Ba, (explained variability 2.2 %).

Factor Vs, N, (explained variability 1.7 %).

Factor I explains the variability in the concentration of mainly typical lithophile elements in moss. In Fig. 26,
these elements are gathered in the large cluster of elements on the left side. Factor I can be identified as an effect of
deposition of soil particles on moss. This factor operates strongly in southern Moravia and in some parts of the
lowlands along the river Labe, where there is a concentration of large areas of arable soil affected by wind erosion, in
northwestern Bohemia in a coal basin affected by high dustiness associated with overburdens of the mining industry
and fly ash from power plants, and in some parts of the border area in northern Bohemia affected by similar sources
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of dustiness in the nearby Polish coal basin. The positions of the hot spots for concentrations of the elements
controlled by Factor I are shown in the relevant maps.

Factor II controls the variability in the moss samples of elements used in non-ferrous metallurgical plants. A large
hot spot of accumulation of Sb and Sn in moss can be seen around the smelter near the town of Pfibram. The load
value for Ag was just below the limit of 0.700, and the Ag concentrations in moss may also be markedly affected by
Factor II. Factor II can easily be considered as effects of the operation of this smelter.

Factor I1I explains the marked variability of Cs and Rb in the moss samples, and the only slightly lower variability
of the concentration distribution of TI. A high accumulation of these elements in moss is found in areas where there
are outbursts of granitic and metamorphic rock (Sudeten mountain massifs along the Bohemian borders, on the
central Bohemian and Moldanubian massifs in the Czech-Moravian highlands, and in the Jeseniky Mts. The exact
operation of this factor is not quite clear. The input of these elements in moss may be caused by spreading of eroded
rock particles or by litter and humus debris in which these elements had been accumulated by plants and throughfall.
The cluster analysis gathered Cs and Rb in a cluster in the middle of the tree diagram in Fig. 26.

Factor IV controls the accumulation of Ba in moss. The operation of this factor is restricted mainly to the eastern
half of Moravia and to the areas affected by extraction and burning of coal in northwestern Bohemia.

Factor V controls the distribution of nitrogen, a non-metal, which has as its main sources emissions of ammonia
from agriculturally utilised areas and nitrogen oxides emitted from industrial furnaces and car exhausts. In spite of
the different sources of reactive nitrogen, Factor V can be associated with the effects of intensive farming and
concentrated industrial combustion of fossil fuels in furnaces and cars.

The results of the factor analyses for the elements obligatorily determined in the moss samples can be found in
the first part of the CZ moss survey in 2000 (Sucharovéd and Suchara 2004a).

The results of the factor analysis applied to all elements determined in the moss samples show that the element
content variability of some elements can be explained to a considerable extent by the operation of the following five

factors:

Factor Isg: Al, Be, Ce, Fe, Ga, La, Li, Pr, Th, U, V, Y, (explained variability 11.5 %).
Factor 1I36: Pb, Sb, Sn, (explained variability 2.9 %).

Factor Ils¢: Cd, Zn (explained variability 5.0 %).

Factor V3¢ Cs, Rb, (explained variability 2.5 %).

Factor V3¢ Cu, N, S (explained variability 4.7 %).

The results of factor analysis show that Factor Flss, deposition of soil dust, also controls the variability of other
lithogenous elements evaluated in the first part of the CZ moss survey.

Factor Fll3s = Factor Flly, the operation of non-ferrous smelters, not only explains the variability of Sb and Sn,
but also explains the Pb concentrations in the moss samples.

Factor FIII;s controls the variability of Cd and Zn contents in moss. The emission, atmospheric deposition, and
the uptake of these chalcophile elements by moss differ from the chalcophile elements, which are under the control
of Factor I15.

Factor IV36 did not reveal elements other than Cs and Rb. However, the loads for T1 were just below the limit of
0.700. Factor IV associates with Factor 11l in the previous analysis.

Factor FV36 substantially explains the variability of non-metals N and S and, surprisingly, Cu in the moss
samples. Strong correlations among the concentrations of these three elements in the CZ moss samples is also
expressed in Fig. 26, where they form an independent cluster on the left side of the tree diagram.

The ability of Factor IV, operating in the previous analysis to explain the variability of some element contents
(e.g., Ba) in moss samples is weak, and the effect of this factor has not been extracted in the analysis of the contents
of the 36 elements.

2.3.2.5 EFFECTS OF BEDROCK TYPES

The chemical composition of bedrock can influence the element content of the soil covers developed on them.
A significant increase in contents of terrigenous elements (e.g., Al, Cr, Fe, Ti) in moss is reported not only from
largely ploughed areas or dry areas with sparse vegetation cover, where wind erosion of rock and soil covers operates

intensively, but also from the operation of volcanoes or from mining areas (Loppi and Bonini 2000, Bargagli et al.
2002).
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The forest floor layer isolates moss plants from direct contact with the soil cover in forests. Due to bioturbation
and water erosion on slopes, however, forest floor humus may contain a smaller or greater portion of mineral soil
matrices and even debris or stones from the weathering bedrock. Some studies in Scandinavia have reported
significant correlations between some element contents in moss and in forest humus or in tll (Niskavaara and
Lehmuspelto 1992, Ayris et al. 1997, Tamminen et al. 2004). Elements such as Mn, Rb, Cs, Sr, Ni, Cr, Ca, Mg, Ba
are taken up from below by plant roots and transported to the aboveground biomass. They also reach the ground
surface through extraction of leaves by rain, or they are released from a litter fall. Although moss does not take up
elements from the substrate by rhizoids, contacts with humus debris, splash water, throughfall and litter rinse water
or accidental soiling can bias the elemental composition of a moss sample to a greater extent than would correspond
to atmospheric deposition chemistry (e.g., Bargagli et al. 1998, Berg et al. 1996, Steinnes 1995). Knowledge is
needed about the ability of CZ local bedrock types to influence the element composition of moss samples at the
monitoring plots.

The CZ territory is geologically very diverse (htep://nts5.cgu.cz/website/geoinfo/viewer2.htm). More than 96
types of bedrock were registered in the geological maps (CGU 1988-1996) at the 250 CZ moss sampling plots. With
help of the geologist Dr. Adamovd, from the Czech Geological Survey, the bedrock types were gathered into the
following six rock categories for the correlation analyses according to their supposed similar chemical properties:

Geology 1 Poor silicic types of bedrock and sediments (53 cases).

Geology I1 Calcareous types of rock and calcic sediments (32 cases).

Geology IIT Coloured sedimented types of rock potentially rich in Fe and Mn (44 cases).
Geology IV Poor igneous granitoid types of rock (80 cases).

Geology V Medium rich igneous types of rock and metamorphic sediments (31 cases).
Geology VI Rich basic and ultrabasic igneous types of bedrock (10 cases).

No significant correlation was found between the geological categories and altitude, the biennial sums of
precipitation 1999-2000, the proportion of forest cover or urbanised area for the moss sampling plots and their
surroundings. The single bivariate correlations between element contents in moss and the individual categories (Geo/
I-VI) were very similar to the partial correlations between the element content in moss and the given geological
classes, when any effects of the other geological classes were eliminated. The results of this multiple regression analysis
are stated in Table 21.

Generally, the current content of the investigated elements in moss for most of the elements discussed here did
not correlate with the above-defined geological variables. This indicates that the collected set of moss samples was not
systematically influenced by bedrock types and their soil covers through local soil erosion, rainwater splash, accidental
soiling, etc. Nevetheless, some of the moss sampling plots may be influenced by deposition of local soil and rock
dusts due to wind erosion or extraction of local mineral resources. The small number of significant positive
correlations (Ag-Geol V, Bi-Geol VI, Se~Geol I and Tl-Geol I) and negative correlations (Sb—Geol VI) can be
recognised rather as accidental relationships. It is difficult to attribute great importance to these correlations, because
the correlation coefficients are relatively low, and the association of the relevant elements in a given rock is not
generally known.
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Element Geology 1 Geology 1T Geology III Geology IV Geology V Geology VI
Ip p Ip P Ip p Ip p Ip P Ip p

Ag -0.001 | 0.990 | 0.037 | 0.619 | 0.090 0.278 | -0.043 | 0.606 | 0.136 | 0.049 | -0.041 0.564
Ba -0.143 | 0.114 | 0.075 | 0.317 | -0.011 | 0.891 | -0.062 | 0.513 -0.060 | 0.384 | -0.085 0.228
Be -0.053 | 0.557 | 0.058 | 0.440 | 0.054 0.513 | 0.073 | 0.441 0.015 | 0.834 | -0.042 0.549
Bi -0.026 | 0.771 | -0.034 | 0.648 | -0.011 | 0.895 | -0.052 | 0.583 -0.046 | 0.506 | 0.156 0.028
Ce -0.040 | 0.663 | 0.013 | 0.859 | -0.001 | 0.988 | 0.015 | 0.878 -0.064 | 0.359 | -0.025 0.724
Cs 0.151 | 0.099 | -0.034 | 0.651 | 0.060 0.468 | 0.058 | 0.538 0.075 | 0.279 | 0.043 0.541
Ga -0.044 | 0.632 | 0.029 | 0.700 | 0.025 0.768 | 0.009 | 0.926 | -0.028 | 0.686 | -0.049 0.495
In -0.068 | 0.454 | 0.001 | 0.988 | 0.073 0.379 | 0.006 | 0.953 -0.06 0.927 | -0.060 0.397
La -0.035 | 0.706 | 0.012 | 0.874 | 0.003 0.969 ] 0.025 | 0.790 | -0.066 | 0.348 | -0.009 0.879
Li -0.131 | 0.150 | 0.010 | 0.889 ] 0.010 0.907 | -0.020 | 0.835 -0.090 | 0.190 | -0.054 0.444
Mn -0.079 | 0.381 | 0.046 | 0.543 | -0.079 | 0.339 | 0.065 | 0.488 0.040 | 0.564 | 0.049 0.490
N 0.118 | 0.196 | 0.106 | 0.159 | -0.008 | 0.927 | -0.032 | 0.734 | -0.022 | 0.754 | -0.050 0.478
Pr -0.044 | 0.633 | 0.014 | 0.453 | 0.008 0.927 ] 0.022 | 0.820 | -0.061 | 0.380 | -0.022 0.759
Rb 0.108 | 0.236 | 0.022 | 0.770 | 0.016 0.849 | 0.182 | 0.054 0.087 | 0.208 | 0.054 0.445
Sb -0.079 | 0.378 | -0.098 | 0.186 | -0.081 | 0.327 | -0.162 | 0.084 0.098 | 0.156 | -0.162 0.021
Se 0.191 | 0.036 | 0.013 | 0.866 | 0.056 0.499 | 0.075 | 0.428 -0.030 | 0.669 | 0.026 0.709
Sn -0.128 | 0.158 | -0.067 | 0.368 | <0.001 | 0.993 | -0.115 | 0.223 0.067 | 0.336 | -0.052 0.466
Sr -0.096 | 0.287 | -0.014 | 0.849 | -0.018 | 0.824 | -0.048 | 0.608 -0.124 | 0.073 | 0.136 0.054
Th -0.020 | 0.826 | 0.007 | 0.923 | -0.018 | 0.832 | 0.025 | 0.795 -0.061 | 0.384 | -0.026 0.715
Tl 0.193 | 0.034 | 0.048 | 0.521 0.047 0.569 | 0.061 0.514 0.126 | 0.069 | -0.018 0.794
U 0.021 0.818 | -0.009 | 0.905 ] 0.010 0.906 | 0.054 | 0.569 -0.056 | 0.424 | -0.051 0.476
Y -0.040 | 0.660 | 0.010 | 0.891 0.037 0.658 | 0.035 | 0.714 -0.047 | 0.500 | -0.036 0.611
ALTIT | -0.090 | 0315 | -0.01 | 0.880 | 0.023 | 0.778 | 0.181 | 0.0523 | 0.045 | 0.510 | 0.007 | 0.917
PRECIP | 0.074 | 0.417 | 0.064 | 0.397 | 0.057 0.492 | 0.016 | 0.870 -0.001 | 0.946 | -0.050 0.449
URBAN | -0.119 | 0.188 | -0.103 | 0.171 | -0.161 | 0.054 | -0.181 | 0.053 -0.026 | 0.707 | -0.079 0.068
FOREST | 0.161 | 0.078 | 0.120 | 0.111 | 0.099 0.233 | 0.166 | 0.080 0.050 | 0.473 | 0.013 0.853

Table 21 Results of the correlation analysis for the elemental composition and for the

2.3.2.6 EFFICIENCY FACTORS

altitude, biennial precipitation sums,

proportion of urbanised and forest area and geological categories of rock types of sampling plots. r, = partial correlation

coefficient, p = significant level

The efficiency factor (EF) indicates the differences in the elemental composition of moss from the average

chemical composition of the local top soil or rock. Since no chemical analyses of the soil and rock types from the

moss sampling plots are available, the elemental composition of the moss samples was compared with the average

chemical composition of the upper Earth’s crust. Aluminium or the sum of the rare earth elements are frequently

used as a reference. The efficiency factors for the CZ moss samples were calculated using the following formula:

EF = (Ce m/CAl m) / (Ce ec/CALec): where

Cem
Calm
Ceee
Chlee

aluminium content in moss (pg.g ™).

content of a given element in moss (pg.g™).

average element content in the Earth’s continental crust.

average aluminium content in the Earth’s continental crust (84 000 mg.kg™).

The average element concentration values in the Earth’s continental crust are stated in large ranges.
Recommended values (Wedepohl 1995) have been adopted for the purposes of this report (Table 22). EFs were
calculated for all elements except nitrogen and all the CZ moss samples (Appendix—Table 3). The obtained ranges,

mean and median values of EFs are given in Table 22.
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Crust Efficiency factor Crust Efficiency factor

g content % content

g Min. Max Mean Median E Min. Max. Mean Medisn
= mg.kg! = mg.kg!
Ag 0.080 10.3 225.5 72.5 65.3 Pr 5 1.9 4.3 2.6 2.6
Ba 390 2.4 33.8 9.0 8.3 Rb 58 5.0 471.4 85.0 58.5
Be 1.5 2.0 8.4 3.2 3.0 Sb 0.2 6.2 1150.6 103.8 97.1
Bi 0.06 18.3 502.8 79.4 70.8 Se 0.05 117.8 2289.2 882.1 812.7
Ce 42 1.9 4.6 2.7 2.6 Sn 2.5 2.2 104.8 14.0 13.1
Cs 2.6 4.3 539.7 35.2 17.0 Sr 325 1.5 30.1 4.8 4.2
Ga 16 1.5 3.2 2.1 2.1 Th 5.6 1.5 6.7 2.8 2.7
In 1.6 2.2 16.9 5.2 4.7 Tl 0.36 3.0 251.8 23.3 17.2
La 18 2.3 5.3 3.2 3.2 U 1.42 2.0 17.6 3.9 3.7
Li 11 2.0 9.3 4.7 4.5 Y 20 1.1 2.7 1.5 1.5
Mn | 800 3.15 351.6 110.3 101.2

Table 22 Basic statistics for the calculated efficiency factors in moss samples from all CZ sampling plots in 2000

The values of the EFs show proportions of Ba, Be, Ce, Ga, In, La, Li, Pr, Sr, Th, U and Y contents that are small
and similar to the Al content in moss and also in the continental crust (EF < 10). Substantial bio-accumulation of
Ag, Bi, Cs, Rb, Sn and Tl in contrast to the above-listed elements was found in moss in CZ (EF = 10-100). Very
strong accumulation of Mn, Sb and mainly Se (EF > 100) was revealed in CZ. The reason for the high accumulation
of Mn and mainly Sb by mosses is not known. Leaching of Mn from tree leaves and Mn accumulation in throughfall
has sometimes been stated (e.g., Heal 2001). However, moss samples unaffected by throughfall and exposed to
leaching of Mn by rain should in that case have led to a low EF value for Mn.

For example, Chiarenzelli et al. (2001) stated EFs for mosses and rare elements and most of the other typical
lithophile elements close to 1, while for Se, Cd, Au and Mo the EF values were 50-150. The content of Mn in moss
was not determined in this Canadian survey.

The results of EFs for the obligatorily determined elements are given in the first part of the CZ moss survey
(Sucharov4 and Suchara 2004a). The highest EFs from these elements were found for Cd, S and Hg showing two
orders of magnitude higher content in moss than in the Earth’s continental crust.

Generally, the lowest mean EFs for 21 elements were found in moss samples from the following sampling plots:
77-01, 149-01, 159-02, 48, 175-01, 99, 141-02, 23, 45, 24-01. The highest EFs in moss from these localities were
found for Se, Sb and Bi. The localities listed here are characterized by a dusty environment, and they are situated in
or near the hot spots. The EFs may be diminished due to a high proportion of dust in the moss samples. In any
event, an accumulation of Se, Sb and Bi is obvious in these “soiled” samples. The lowest EFs for the elements
discussed in the first part of this report (Sucharovd and Suchara 2004a) were also frequently found for sampling plots
situated in the general hot spots of increased atmospheric deposition (the former Black Triangle I area and southern
Moravia).

The highest EFs were found in moss samples from sampling plots 47, 5-02, 56, 111, 1, 11-01, 8-01, 44, 169, 11.
These localities are mainly situated in mountainous areas and in areas with high levels of precipitation. Intensive
washing of moss surfaces and an increased relative portion of wet deposition of elements can be assumed at these
sites. The EFs for Se, Rb and Sb contribute most to the high mean EFs.

Reimann and de Caritat (2005) found slight Pb enrichment in moss (EFpy/a1) in industrial and urbanized parts of
the Kola peninsula, and high EFp values for pristine parts of the peninsula. High median values of the enrichment
factors (EFxss.= 50-100) in the forest floor were reported for Se, Ag and Cd, medium values (EF = about 10) for Cu,
Sb and As, and EFs of about 1.0 for T1, V and Cr. Reimann and de Caritat (2000) found the lowest EFs in moss for
Rb. They did not recommend using EFs as indicators of the anthropogenic pollution level, because many natural
processes modify the content of the “reference element” in rock types of the continental crust and in derivate
materials in the environment. The ratio (annual extraction of the element : total element crustal reserve) provides
a more suitable indicator of anthropogenic loads of the environment.
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2.3.2.7 EFFECTS OF ALTITUDE

The moss sampling plots were situated in a wide range of altitudes 160-930 m a.s.l. The mean, median and
mode for the altitude of the sampling plots were 479, 460 and 450 m. Some effect of altitude on the accumulation of
the investigated elements in the moss in CZ should be expected, because the deposition loads and contents of some
elements in moss have been reported to correlate with altitude (e.g., Krél et al. 1992, Soltés 1998, Zechmeister 1995,
Gerdol and Bragazza 2000).

A simple bivariate correlation of element content with altitude proved a seemingly significant and negative
correlation of the contents of many of the elements in moss (Be, Ce, Cs, Ga, La, Li, Pr, St, Th and Y) and a positive
correlation with Ag, N and Tl contents in moss. The bivariate correlation coefficients for the relationships between
element content in the moss samples and altitude of the sampling plots is shown in Table 23, on the left. However,
some other variables discussed later correlate significantly with the variable Altitude in CZ (Precipitation r = 0.58,
Urbanised area r = -0.19 and area of Wooded r = 0.55). These covariables may together affect the content of the
investigated elements in moss, and may influence the bivariate correlations. For this reason, the pure effects of these
individual covariables on the element composition of the moss samples were investigated.

Table 23 gives partial correlation coefficients for the pure effect of altitude on element content in moss, when the
effects of the other covariables (Precipitation, Urbanisation and Wooded) are eliminated (are constant). The
correlation analyses show that the partial effect of the variable Altitude on the elemental composition of moss was
significant and negative for Be, Ce, Ga, In, La, Li, N, Pr, Se, Th, U and Y and significant and positive for Cs and Rb.
We can assume that the former group of elements, which are mainly lithophilous, are associated with larger soil
particles that easily sediment and are scarcely transported to higher altitudes with the air. The latter group of
elements may be bound to fine particles with slow sedimentation speed, or some geogenic sources of these elements
(rock outbursts) may be located in the mountains. However, the distribution of the mother rocks of the sampling
plots did not correlate with altitude (see Chapter 2.3.2.5).

2.3.2.8 EFFECTS OF PRECIPITATION

Precipitation, an important factor in the atmospheric deposition of elements, may be anticipated to be able to
influence the accumulation of elements in moss. Since the analysed 2-2.5 year-old moss segments had been exposed
to the action of the biennial precipitation sums, these amounts of rainfall were taken into account in the correlation
analysis.

The distribution of the annual precipitation sums in CZ for 1999 and 2000 were obtained from the interpolated
isoline maps from the respective hydrological yearbooks (CHMU 2000-2001). On an average, the annual sum of
precipitation in the CZ territory in 2000 was about 50-70 mm higher than in 1999. The modes of the interpolated
annual rainfalls for the moss sampling plots were 550 mm and 650 mm in 1999 and 2000, respectively. The biennial
(1999-2000) rainfall sums for the sampling plots were 900 — 1 900 mm. The mean, median and mode were 1 303;
1 300 and 1 300 mm, respectively.

The results of a simple bivariate correlation analysis showed (Table 23) that the element content in the moss
correlated significantly (p < 0.05), except in the cases of Ga, N, Sb. A positive correlation was found for Ag, Ba, Bi,
Cs, Mn, Rb, Se, Sr and T1, while the other elements showed negative correlations. However, as mentioned above, the
covariables Altitude, Precipitation, Urbanization and Wooded operate together.

After excluding the contributions of the other covariables, the pure effect of the biennial precipitation sum on the
element content in the moss samples was obtained, as presented in Table 23. The content of most elements, except
for the mainly lithophile elements Be, Ce, Ga, La, Pr, Sb, Sr, U and Y, correlated significantly and positively with the
biennial precipitation sum. This can be explained by the increase in atmospheric deposition due to the increase in
precipitation. Only the Mn concentrations in the moss correlated significantly negatively with precipitation. This
may indicate increased leaching of this element from moss plants by the operation of rains.

The correlation of the contents of the obligatorily determined elements in the moss sampes with the variable
Precipitation was discussed in the first part of the moss survey (Sucharovd and Suchara 2004a).
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Correlations

% Bivariate Partial

_E, Altitude Precipitation Altitude Precipitation

= Ip p Ib p R? rp p rp p

Ag 0.23* 40.001 0.57* <0.001 0.380 -0.07 0.306 0.37* <0.001
Ba 0.10 0.116 0.33* <0.001 0.159 -0.05 0.520 0.45* <0.001
Be -0.28* <0.001 -0.15* 0.018 0.088 -0.24* 0.003 0.03 0.733
Bi -0.01 0.865 0.21* <0.001 0.127 -0.14 0.084 0.29* <0.001
Ce -0.35* <0.001 -0.22* <0.001 0.131 -0.29* <0.001 0.02 0.820
Cs 0.33* <0.001 0.35* <0.001 0.149 0.20* 0.013 0.23* 0.004
Ga -0.31* <0.001 -0.12 0.049 0.132 -0.29* <0.001 0.15 0.063
In -0.08 0.210 0.22* <0.001 0.158 -0.22* 0.005 0.46* <0.001
La -0.34* <0.001 -0.22* <0.001 0.129 -0.28* <0.001 0.01 0.913
Li -0.32 <0.001 -0.22* <0.001 0.115 -0.24* 0.003 -0.01 0.938
Mn -0.07 0.273 -0.26* <0.001 0.079 0.13 0.102 -0.31* <0.001
N -0.33* <0.001 0.02 0.810 0.127 -0.30* <0.001 0.31* <0.001
Pr -0.34* <0.001 -0.22* <0.001 0.129 -0.25* <0.001 0.01 0.937
Rb 0.51* <0.001 0.42* <0.001 0.296 0.26* <0.001 0.15* 0.040
Sb 0.07 0.305 0.06 0.361 0.015 0.08 0.317 0.03 0.760
Se -0.03 0,236 0.24* <0.001 0.134 -0.29* <0.001 0.44* <0.001
Sn 0.08 0.188 0.18* 0.004 0.047 0.02 0.799 0.22% 0.008
Sr -0.13* 0.045 -0.12 0.051 0.048 <-0.01 0.971 -0.02 0.789
Th -0.31* <0.001 -0.20* 0.002 0.100 -0.28* <0.001 0.34* <0.001
Tl 0.16* 0.013 0.34* <0.001 0.119 -0.08 0.325 0.34* <0.001
U -0.31 <0.001 -0.13* 0.047 0.127 -0.27* <0.001 0.14 0.073
Y -0.37* <0.001 -0.24* <0.001 0.155 -0.30* <0.001 0.02 0.782

Table 23 Simple bivariate and partial correlation coefficients for element contents in moss with altitude and precipitation. In the
partial correlations, the relevant effects of the covariables altitude, biennial precipitation, proportion of urbanised and
forest area were eliminated. (n = 250, for nitrogen n = 249, * means significance level p < 0.05, R? = coefficient of
multiple determination, r = correlation coefficients: r» — bivariate, rp, - partial)

2.3.2.9 EFFECTS OF GEOMORPHOLOGY

The local micro- and mesomorphological characteristics of the sampling plots were tested for their effects on
accumulation of the investigated elements in moss in CZ. A linear correlation was found between element content in
moss and the position of the sampling plots in the local geomorphological context (height above average terrain level,
orientation to the cardinal points and expected exposure to the local predominant wind direction). The tested
explanatory variables were defined as follows:

a) Position to the average terrain level

The sampling plots (250 cases) were categorized into the following groups according to their position related to
the local average terrain level in the surroundings:
- Planes, sampling plots located in a flat or slightly undulating landscape, with mesoscale relative height fluctuations
up to 10 m, (91 cases).
- Protuberances, sampling plots situated on slopes of big hills or mountains at a height of at least 10 m above the
average mesoscale landscape level, (88 cases).
- Depressions, sampling plots in basins, valleys, passes, etc, at a height of least 10 m below the level of the top parts of
the mesoscale surrounding landscape, (46 cases).
- Plateaus, sampling plots situated above the mesoscale surrounding grounds, open on all sides on the flat tops of
protuberances, such as peaks of hills, ridges or sandstone rocks, etc., (25 cases).

The effect of terrain morphology on the element composition of the moss samples, which reflect the atmospheric
deposition load levels of the investigated elements, was surprisingly low. The contents of only a few elements in the
moss samples correlated significantly (p < 0.05) with some terrain category. The respective Ag and Bi contents in the
moss samples correlated negatively with Planes (r = -0.17 and -0.13) and positively with Protuberances (r = 0.20 and
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0.15). Some elements were surprisingly less accumulated in the moss samples collected on bulges in the terrain bulges
(Cer=-0.13; Lar=-0.13; Prr=-0.13; Y r = -0.13). A reason for this may be that the given elements are associated
with sedimenting soil particles, which are not easily transported uphill by erosion. However, the accumulation of Sb
and Se in the moss correlated positively with the position of the sampling plots on bulges (Sb r = 0.14; Se r = 0.15),
which may indicate better deposition conditions for these elements near the tops of hills. The remaining
geomorphological categories did not correlate significantly positively with the elemental composition of the moss
samples.

The correlation of the content of the obligatory determined elements in moss with the position of the sampling
plots for the selected geomorphological elements was presented in the first part of the CZ moss survey (Sucharovd
and Suchara 2004a).

b) Cardinal points

The sampling plots (250 cases) were categorized according to their average local geomorphological orientation to
the cardinal point (North = 0°, East = 90°, South = 180°, West = 270°). The slope of the sampling plot had to be
manifest, i.e., at least about 5 degrees. The orientation and level of the larger surrounding terrain on a medium scale
(slopes, depression and flatland) were ignored. The following microgeomorphological orientation categories of the
sampling plots were established:

- Northern, azimuth quadrant 316-45°, (25 cases).

- Eastern, azimuth quadrant 46-135°, (34 cases).

- Southern, azimuth quadrant 136-225°, (29 cases).

- Western, azimuth quadrant 226-315°, (45 cases).

- Horizontal, the sampling plot surface is horizontal or very variable in exposure, (117 cases).

The correlation analyses showed weak dependence of the elemental composition of the moss on the local
exposure of the sampling plots, or moss carpets on the cardinal points. Only the Ag content in the moss samples
correlated significantly (p < 0.05) and positively with the proportion of the sampling plots on slopes (Weszern
r = 0.13, Southern r = 0.15 and Eastern r = 0.18) and correlated negatively with the variable Horizonzal (r = -0.16).
The real reason for this is not known. We may speculate that Ag can be more easily released from rock outbursts,
which emerge more frequently on slopes than on plains. The higher accumulation of Mn (r = 0.15), Rb (r = 0.14)
and Se (r = 0.16) in moss was positively associated with the position of the sampling plots on southern slopes, while a
higher content of In and Sb was found in the moss samples frequently collected on eastern (r = 0.16) and western (r
= 0.18) slopes. The revealed correlations may be rather accidental, because the different deposition levels of the given
elements on differently oriented slopes is difficult to explain. On the other hand, a different slope orientation can
cause a different microclimate, and can affect element uptake by moss. For example, southern and western slopes are
comparatively warm and dry, with a short period of dew duration. Elements from dry deposits are not easily released,
and the growth of the moss biomass is slower than on northern and eastern slopes.

The correlations of the contents of the obligatory determined elements in moss with slope orientation are
discussed in the first part of the moss survey (Sucharovd and Suchara 2004a).

c) Exposure to wind

Although the interaction of wind with geomorphology may play an important role in the deposition of air
pollutants, it is difficult to estimate the local wind effects at the moss sampling plots. With the assistance of the wind
direction diagrams in the CZ climatic atlas (Vesecky et al. 1958) and the particular position of the sampling plots in
the local mesoscale area, the following categories of expected exposure of the sampling plots (250) to wind were
established as explanatory variables of the element composition of the moss samples:

- Windward, the sampling plots are assumed to face the prevailing wind direction, (38 cases).

- Leeward, the sampling plots are assumed to face away from the prevailing wind direction, (52 cases).

- Indefinite, the sampling plots tend not to face either towards or away from the local prevailing wind direction, (160
cases).

However, it is difficult to make a correct assessment of the long-term wind conditions operating at some of the
sampling plots, due to the complicated mesomorphology of the relief.

A significant (p < 0.05) positive correlation between element content in moss and the position of the sampling
plots at sites expected to be windward was found for Ag (r = 0.23), Sb (r = 0.24) and Sn (r = 0.15). Surprisingly,
a negative correlation between element content in moss and the variable Windward was shown by La (r = -0.13), Li
(r=-0.14) and Sr (r = -0.12). Only the Sb content in moss correlated significantly and negatively with the position of
the moss sampling plots at sites expected to be leeward (r = -0.13).
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The increased accumulation of the given elements in moss on leeward plots may have been caused by higher wet
and dry deposition loads of atmospheric deposition and the frequent moistening effect of horizontal precipitation
(mist) on depositions. The negative correlation may be brought about by greater leaching of the given elements from
moss tissue and faster growth of moss (dilution of the element content in the moss biomass) in moister conditions.

The content of obligatory determined elements in moss did not correlate substantially with the potential exposure
of the moss sampling plots to wind (Sucharovd and Suchara 2004a).

2.3.2.10 EFFECTS OF DEFORESTATION

The effects of the level of forest cover on the element contents in moss were tested. Using detailed maps, the
percentage of forest cover (0-100 %) in the area delimited by a radius of 5 km around the sampling plots was found
with accuracy of 5 %. Four categories by 25 % intervals of forest abundance around the sampling plots were
established, and these categories were coded as follows:

- Wooded 1, covered by forests 0-25 % of the area, category 1, (41cases).

- Wooded 2, covered by forests 26-50 % of the area, category 2, (76 cases).
- Wooded 3, covered by forests 51-75 % of the area, category 3, (76 cases).
- Wooded 4, covered by forest 76-100 % of the area, category 4, (57 cases).

The higher the category, the greater the level of forest cover around the plot where the moss sample was collected.
The element concentrations in the moss samples can be correlated either with the size categories of the forests where
the moss samples were collected (Wooded 1, 2, 3, 4), or with the proportion of forest cover in a 5-km radius around
the moss sampling points (Wooded 1-4). The proportion of forested area correlates with altitude in CZ, and
covariables Altitude, Precipitation and Urbanisation can affect the elemental composition of the moss samples together
with the forest area.

The dependence of the elemental content in moss on the proportion of forested area in a 5-km radius around the
moss sampling plots (individual variables Wooded 1, 2, 3 and 4) was tested first. The element content in the moss
samples proved to be strongly controlled by the extent of forest cover. Generally, the element accumulation in moss
was highest if the moss sample was collected in a small forest, or if the proportion of forests in a 5-km radius around
the sampling plot did not exceed 25 %. In contrast, the lowest content of elements in moss was determined when the
moss sample was collected in a large forest complex and the surroundings of the sampling plot were more than 75 %
covered with forests. The correlation analysis showed that a significantly (p < 0.05) higher content of Be, Ce, Cs, Ga,
In, La, Li, Mn, N, Sr, Th, U and Y was determined in moss samples collected in smaller forests (Wooded 1, possibly 2)
than in larger forests (Wooded 4, rarely 3). The positive and negative correlation coefficients for the relevant elements
are relatively small (between £0.15 and £0.33). The described correlation for the listed element contents, which are
mainly lithophilous, with the categories of the forest area can be easily explained by filtration of the atmospheric
deposition (soil particles) by the edge parts of a given forest or forests for a distance of a few km around the sampling
plots. However, inverse correlations were found for Ag, Cs, Rb and TI content in moss and the Wooded categories.
The decreasing content of these elements in moss with increasing forest area may be because trees extract the listed
elements from the subsoils and spread them in the forest through litter, throughfall, etc. Mainly the alkaline elements
Cs, Rb and Li showed several anomalies in the evaluation of the bio-monitoring results.

Table 24 shows the partial correlations for element content in moss and the proportion of forested area around
the moss sampling plots (Wooded1-4) when the effect of covariables Altitude. Precipitation and Urbanisation was kept
constant. The content of Ba, Ga, In, N, Sr, U and Y in moss correlated significantly and negatively with increasing
forest cover around the sampling plots. However, only Rb showed a significant positive correlation. A very weak and
insignificant positive correlation was found for Cs (r, = 0.02) and Tl (r, = 0.09), and there was a weak negative
correlation for Ag (r, = -0.11).

The correlations for the elements obligatorily determined in the moss samples are presented and discussed in the
first part of the moss survey (Sucharovd and Suchara 2004a).

2.3.211 EFFECTS OF URBANISATION

In order to test the effect of urbanisation on element content in moss, the percentage of urbanised area in the
vicinity of the sampling plots was found with accuracy of 10 %.
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The area within a radius of 5 km around the sampling plots was delimited in the detailed maps. Two categories
of sampling plots (n = 250) were introduced, as follows:

- Urbanised, at least 30 % of the area around the sampling plots is built up, most frequently town type of
residential area, (23 cases).

- Rural, the built-up area is below 30 % of the surface area, (227 cases). Dispersed and village-type buildings
formed the dominant part of the urbanised land around the moss sampling plots.

If we count simple correlations, the content of Ag, Ba, Be, Bi, Ga and In in the moss samples correlated
significantly and positively (r = 0.13-0.26) with Urbanisation and, of course, in the same way but negatively with the
Rural variable. However, the variable Urbanisation was found to correlate significantly with the variables Altitude,
Precipitation and Wooded. Thus, a partial correlation of the variable Urbanisation was determined. The results of the
correlation analysis are shown in Table 24. Surprisingly, only the Ag and Bi content in the moss samples correlated
significantly and positively with the partial effect of the variable Urbanisation. The exact pollution sources in this
town type of urbanisation leading to accumulation of Ag and Bi in moss are not known.

The content of the obligatorily determined content of Cd, Cr, Mo and Zn correlated significantly and positively
(r = 0.14-0.25) with the variable Urbanisation. For more details about the obligatory elements, see the first part of
the moss survey (Sucharovd and Suchara 2004a).

Wooded (1-4) Urbanisation

Element tp p Element rp p Element fp p Element Ip p

Ag -0.11 0.085 N -0.21* | 0.006 Ag 0.15* 0.004 N 0.03 0.662
Ba -0.17* | 0.024 Pr -0.14 0.075 Ba 0.10 0.096 Pr -0.02 0.778
Be -0.07 0.373 Rb 0.14* 0.040 Be 0.08 0.215 Rb 0.06 0.309
Bi 0.01 0.851 Sb -0.03 0.739 Bi 0.25* <0.001 | Sb 0.10 0.146
Ce -0.13 0.082 Se -0.06 0.437 Ce -0.01 0.833 Se 0.05 0.470
Cs 0.02 0.750 Sn -0.09 0.245 Cs 0.05 0.454 Sn 0.08 0.258
Ga -0.20* | 0.008 Sr -0.19* | 0.016 Ga 0.02 0.760 Sr 0.04 0.554
In -0.20* | 0.009 Th -0.09 0.258 In 0.09 0.130 Th -0.03 0.619
La -0.13 0.082 Tl 0.09 0.272 La <-0.01 | 0.962 Tl 0.03 0.638
Li -0.14 0.063 U -0.21* | 0.007 Li -0.01 0.843 U 0.01 0.857
Mn -0.04 0.580 Y -0.17% | 0.027 Mn -0.02 0.768 Y -0.02 0.700

Table 24 Effect of percentage of forest and urbanised areas in a 5-km radius around the sampling plots on element content in moss
in CZ in 2000 (r, = partial correlation coefficient, * significant at level <0.05, p = level of significance)

2.3.3 ASCERTAINMENT OF CURRENT ABSOLUTE DEPOSITION LOADS

If we know the current content of the individual elements in the moss indicator (pg.g '), we can in theory
determine the absolute atmospheric deposition levels of the respective element (pg.m™.year"). Comparisons of the
determined element contents in moss and in atmospheric deposition (bulk) at the same sites showed that the element
content in moss was a function of the efficiency of moss in taking up the given elements and the increase in moss
biomass (dilution factor of the element content). In order to estimate average annual deposition rates of elements
from the elemental contents in moss, it was necessary to know the annual production of moss and the element
uptake efficiencies. However, some convertions of moss analytical data to absolute deposition loads were not in good
accordance with the measured deposition loads at the stations (e.g., Berg et al. 2003), while other attempts gave
higher depositions than those measured at the stations (e.g., Poikolainen 2004). Many effects that operate in a way
that is not well understood have an influence on the proportionality of the element content in bio-monitors to the
real deposition levels of the elements (Berg et al. 2003, Wolterbeek et al. 2003). Some findings related to calculating
the absolute values of atmospheric deposition were discussed in the first part of the moss survey (Sucharovd and
Suchara 2004a).

In spite of this, the following formula is frequently used for converting the current element content in moss to
the respective atmospheric deposition at a given site:

D = CxBJ/E,

where

D is average absolute deposition level of given element (ug.m?2.year").
C is current content of the element in the moss (pg.ga..").
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B is annual production (increase in moss biomass per year) of the moss (g4...m™year™).
E is efficiency factor explaining the element portion adsorbed by the moss from the atmospheric deposition (% in
decimal terms).

The mean annual production of moss Pleurozium schreberi was determined (Chapter 2.2.6) to be 129 g.m™? in
CZ in 2000. The basic statistics for determining moss production in CZ are presented in Sucharovd and Suchara
(2004a: 70). The representative value of 130 gu...m™2.year" for Pleurozium schreberi production on all sampling plots
in CZ was used in subsequent calculations.

The element contents measured in parallel in bulk deposition (Bergerhoff collectors) and in moss Pleurozium
schreberi were determined at three sites in CZ with different climatic conditions and greatly different elemental
deposition rates in 1999-2002 (Suchara and Sucharovd 2002-2003). The efficiency of Pleurozium schreberi in taking
up elements from atmospheric deposition was comparable with the figures from similar investigations published in
the literature (Ross 1990, Thoni et al. 1996, Berg and Steinnes 1997b), at least for most elements that they
investigated. However, for some elements the values differed significantly, and for some elements no data was
available in the literature that we could check against.

Our determinations of the efficiency of the moss in taking up the optionally determined elements differed slightly
from year to year, and above all for the different measuring sites. A preliminary evaluation showed that moss bound
Bi, Li, Sb, Se and Sn (E = 0.16-0.50) only weakly from atmospheric deposition. Moderate and high efficiency factor
values were found for Be, Ce, Ga, In, La, Pr, Th, Tl and Y (E = 0.50-0.80) and for Ag, Ba, Sr and U (E = 0.80-
1.00), respectively. Extremely high efficiency factors, exceeding a value of 1.00 (100 % uptake of elements from
atmospheric deposition), were determined for Cs, Rb and mainly for Mn (E = 1.20-7.60). It is evident that some
additional and powerful source of these elements must operate at the forest floor level of cleanings, and must increase
the content of these elements in moss, since these elements are not trapped in collectors placed 2 m above ground. It
has been shown, for example, that mosses can absorb elements, including Mn and Sr, from soil (Hébrard et al.
1972), litter and litter extract (Bates 1989).

The mean values of the moss production and efficiency factor are used for calculating the coefficient Kg; = B/E;,
which enables us to estimate the absolute annual mean atmospheric deposition rates on the moss sampling sites in
CZ from the current element content in moss (ug.g"). The coefficients Kg; are given in Table 25:

Keag 117 Kk n.a. Kese n.a.
Kepa n.a. KerLa 263 Kesn n.a.
Kese n.a. KewLi 307 Kes: n.a.
Kesi 168 Kema n.a. Kern 300
Kece 280 Kere n.a. Kem n.a.
Kecs n.a. Kero n.a. Keu 150
Keca 265 Kesp 123 Key 269

Table 25 Coefficients Kg; for individual elements. (n.a. — unreliable E; values)

The Kk coefficient could not be reliably counted for some elements. The determination of the efficiency factors in
our campaigns may be too uncertain, and no efficiency coefficients for most of the optionally investigated elements
are available in the literature for other countries.

An estimation of the annual bulk deposition rate D; for element 7 on a given sampling plot can be obtained by
calculating the element content in moss C;using the coefficient Kg;: D; = CixKgi.

Related estimations of mean and median bulk deposition rates for the CZ territory and 2000 are presented in
Table 26.

As has been discussed elsewhere (Sucharovd and Suchara 2004a), the absolute deposition loads calculatedby the
formula given above suffer from some uncertainty (the same uptake efficiency of moss for a different ratio of
deposited element species in different deposition zones, the same production of biomass in different climatic zones,
etc.) For example, the total nitrogen content in moss samples collected in the vicinity of 21 bulk measuring stations
in CZ in 2000 correlated significantly and positively with NH4N and negatively with NO3-N annual average
contents in bulks determined in 1989-2000 (Suchara and Sucharové 2005).

However, the distribution of absolute deposition loads in CZ obtained in this way may be the best available
assessment.
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Element Min. Max. Mean Median Element Min. Max. Mean Median
Ag 1.6 15 4.0 3.5 N n.a. n.a. n.a. n.a.
Ba n.a. n.a. n.a. n.a. Pr 2.2 111 15 14
Be n.a. n.a. n.a. n.a. Rb n.a. n.a. n.a. n.a.
Bi 1.5 43 4.2 4.2 Sb n.a. n.a. n.a. n.a.
Ce 61 1302 220 185 Se n.a. n.a. n.a. n.a.
Cs n.a. n.a. n.a. n.a. Sn n.a. n.a. n.a. n.a.
Ga 20 167 59 52 Sr n.a. n.a. n.a. n.a.
In n.a. n.a. n.a. n.a. Th 8.0 243 32 27
La 28 616 105 89 Tl n.a. n.a. n.a. n.a.
Li 34 581 107 92 U 1.3 25 5.4 4.7
Mn 18 313 34 48 Y 18 313 56 48

Table 26 Estimation of the bio-indicated absolute deposition rates (bulks) of investigated elements (pg.m™.year") in CZ in 2000.
(n.a. — no adequate basis)

2.3.4 TRENDS IN ATMOSPHERIC DEPOSITION LOADS

The optionally determined elements were determined for the first time in the CZ moss samples in 2000. No
other analytical results dealing with these elements in moss samples from the CZ territory are available in the
literature. The contents of obligatory elements determined in moss in CZ in 1990, 1995 and 2000 had been
decreasing significantly due to the substantial reduction of the former heavy industry and the introduction of more
sophisticated technologies (Sucharovd and Suchara 2004a).

In southern Sweden, a decreased content of most of the investigated elements in moss was determined in the
period 1975-2000 (Berg and Steinnes 1997b). Diminishing atmospheric deposition levels of the optional elements
may also have been taking place in CZ since 1990. However, there is no available data to confirm this speculation.

2.3.5 CZECH RESULTS IN A EUROPEAN CONTEXT

The contents of the optional elements in moss are available only for a few countries included in the UN/ECE
ICP-Vegetation bio-monitoring programme. In addition, many countries have determined the optional elements
through neutron activation analysis, which determines the total element contents. The CZ moss samples were
determined through ICP-MS techniques, which may determine slightly lower contents of elements included in only
slightly dissolved compounds (e.g., primary silicates). However, some available results of multi-element
determinations carried out in some countries have been adopted in Tables 27-28 for the purposes of comparison,
even though different ways of determining the elements have been used.

Table 26 and Table 27 show a decreasing gradient of element content in moss from southern Europe (Balkans)
through Central Europe to Scandinavia. Similarly, there are lower amounts of the investigated elements in moss
samples in the western part of Central Europe than in the eastern part of Central Europe. While CZ lies in the
middle of the gradual South-North element content gradient, a very strong transition in element contents in moss is
evident between CZ and the neighbouring Slovak Republic. The distribution of element contents in moss in CZ and
in Slovakia has been discussecd in detail in Suchara et al. (2007). In the least affected parts of Europe (Arctic
Europe), the typical contents of the obligatorily determined elements in moss were found to be 2-5 times lower than
the mean element contents in moss from Germany, Austria and CZ, and 5-10 times lower than in Slovakia, Hungary
and the Balkan countries. This may be due not only to the increased amounts of industrial emissions discharged in
Central Europe but also to the decreasing ratio of forest and the increasing proportion of arable land and bare soil
covers towards southern Europe.
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Element Barents region Slovak Republic Romania France

Min Max Median | Min Max Median | Min Max Median | Min Max | Median
Ag 0.012 | 0.064 | 0.025 0.04 0.650 | 0.120 0.021 | 0.350 | 0.120
Ba 7.33 83 22 11.9 343 51.4 27 143 73 7.7 13.7 30.8
Be <0.01 | 0.122 | 0.016 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Bi 0.007 | 0.03 0.016 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Ce n.a. n.a. n.a. 0.62 23.48 | 2.54 2.5 18 6.0 n.a. n.a. n.a.
Cs n.a. n.a. n.a. 0.14 5.44 0.41 n.a. n.a. n.a. n.a. n.a. n.a.
Ga n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
In n.a. n.a. n.a. 0.01 1.62 0.11 n.a. n.a. n.a. n.a. n.a. n.a.
La n.a. n.a. n.a. 0.41 13.9 1.54 1.3 9.8 3.6 n.a. n.a. n.a.
Li <0.03 | 1.09 0.192 n.a. n.a. n.a. n.a. n.a. n.a. <0.005 | 0.31 0.79
Mn 33 1080 | 371 66.2 1510 365 110 500 250 16.5 53.5 353.5
N n.a. n.a. n.a. 16500 | 30100 | 22550 n.a. n.a. n.a. n.a. n.a. n.a.
Pr n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Rb 1.33 48 12.7 4.84 53.0 13.4 1.2 35 19 2.3 5.1 12.6
Sb 0.015 | 0.196 | 0.061 0.23 14.3 0.87 0.47 1.20 0.65 n.a. n.a. n.a.
Se <0.5 <0.5 <0.5 0.14 1.13 0.33 0.029 | 0.52 0.20 n.a. n.a. n.a.
Sn 0.030 | 0.148 | 0.070 0.061 1.885 | 0.236 n.a. n.a. n.a. n.a. n.a. n.a.
Sr 3.48 38 11.4 7.86 327.6 | 61.9 3.5 33 17 4.5 7.9 13.1
Th <0.02 | 0.636 | 0.055 0.10 3.20 0.31 0.16 5.3 0.72 n.a. n.a. n.a.
Tl 0.007 | 0.214 | 0.046 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
U 0.006 | 0.16 0.029 0.03 0.64 0.09 0.029 | 0.57 0.19 n.a. n.a. n.a.
Y 0.036 | 1.82 0.174 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Table 27 Element content in moss (pg.g") determined in some European countries. Part 1: Barents region (Reimann et al. 2001),
Slovak Republic (Marikovskd et al. 2003), Romania (Lucaciu et al. 2004) and France (Gombert et al. 2004)

Element Norway Macedonia Serbia - North Bulgaria - Westsouth
Min Max Median | Min Max Median | Min Max Meian | Min Max | Median
Ag <0.003 | 0.035 | 0.014 0.007 0.20 0.040 0.012 1.5 0.078 | n.a. n.a. n.a.
Ba 5.6 50.5 17.1 14 256 54 13 170 39 17 517 68
Be n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Bi n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Ce 0.095 4.61 0.342 0.83 42 5.60 1.84 28 9.2 n.a. n.a. n.a.
Cs 0.016 0.88 0.072 0.097 1.7 0.39 0.11 18.2 0.76 0.10 2.96 0.40
Ga n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
In n.a. n.a. n.a. 0.0032 | 0.16 0.043 0.0036 | 0.34 0.025 | na. n.a. n.a.
La 0.045 2.56 0.189 0.50 22 2.32 1.09 13 4.66 0.8 23.7 2.9
Li n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Mn 22 750 256 37 1475 | 186 30 2340 | 217 32 986 251
N n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Pr na. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Rb 1.3 51.5 7.7 5 47 10.9 3 47 13 3 69 12
Sb 0.004 0.240 | 0.033 0.039 1.4 0.2 0.13 7 0.52 0.07 20.2 0.23
Se 0.05 1.30 0.33 0.013 0.61 0.18 0.046 10 0.39 0.01 1.18 0.24
Sn na. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Sr 3.6 43.3 15.8 11.8 136 31 6.8 95 22 7 106 25
Th 0.004 0.240 | 0.033 0.12 7.6 0.67 0.18 2.4 0.82 0.11 4.53 0.56
Tl n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
U 0.001 0.138 | 0.015 0.03 1.45 0.21 0.08 1.03 0.32 0.03 1.87 0.20
Y n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Table 28 Element content in moss (pg.g"') determined in some European countries. Part 2: Norway (Steinnes et al. 2001),
Macedonia (Barandovski et al. 2006), Serbia — North (Frontasyeva et al. 2004) and Bulgaria — Southwest (Stamenov et

110

al. 2002)




Acta Pruhoniciana 87, 2007

3. SUMMARY AND CONCLUSIONS

e  Twenty two optionally investigated elements (Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, N, Pr, Rb, Sb, Se,
Sn, Sr, Th, TI, U and Y) were included for the first time in the Czech bio-monitoring campaign in 2000.
The investigated elements are mostly characterised as typical lithophile elements. The contents of these
elements have been determined in moss samples collected at 250 sampling plots.

e Basic statistics have been presented for element content variability in moss for the whole country, and for
the individual CZ administrative regions.

e The properties of the investigated elements have been briefly introduced. The distribution of the element
content in moss in CZ has been presented in colour classed post maps and isopleth maps. The positions of
sites with high and increased accumulation of individual elements in moss have been shown for each
element, and potential causes of the bio-indicated increased atmospheric deposition rates have been
discussed. The occurrence of hot spots and the sources of air pollution by the investigated elements in CZ
are described here for the first time, except in the case of reactive nitrogen.

e Moss samples from southwestern and southern Bohemia had the lowest content of the investigated
elements, while the highest mean content of the elements in moss was found at sampling plots in
southeastern Moravia. Subjectively defined ranges of element content levels marked out the following zones
with the highest bio-indicated atmospheric deposition rates of the investigated elements in CZ: the former
so-called Black Triangle I and Black Triangle II industrial areas, and an agrarian area in southeastern
Moravia, a sort of “Dusty Triangle”. Except in the case of Ag, (Bi), In, Sb, Se and Sn, the main source of
the investigated elements is eroded soil dust released due to anthropogenic activities (extraction of raw
materials, earth works, deforestation and ploughing, etc.) and industrial combustion of coal (large open
deposits of ash and slag). The efficiency of these sources of dust emissions is affected by climatic (wind,
precipitation) and anthropogenic (land-use) factors.

e Efficiency factors (EFs) normalised through aluminium content have been calculated for 21 elements in
moss at 250 sampling plots. Ag, Bi, Cs, Rb, Sr and TI showed an approximately ten times higher level of
bio-accumulation in moss than in the continental crust. The highest bio-accumulation of Mn, Sb and
mainly Se (two orders of magnitude higher than most of the other elements) was found in moss in CZ. The
lowest EF values were found for moss samples collected in dry and dusty regions, while the highest EFs were
for moss plants growing mainly in rainy and mountainous areas of CZ.

e Correlation and cluster analyses show that the contents of typical lithophile elements in moss correlated
tightly. There was a very similar variability in content in moss for Cs, Rb and TI, and for Be, Sr and Mn.
For other elements (Sn, Sb, Ag, In, Bi, Se and N) there was a different variability in content in moss than in
the case of the lithophile elements. There may be different sources and different movement in the
environment for these four groups of elements.

e Despite frequent wind erosion of the soil covers, the element content in moss did not correlate with the six
defined groups of bedrocks. Rather accidental and weak correlations were found, only for Ag, Bi, Sb, Se and
Tl contents in moss and for some of the bedrock groups. The bedrock groups did not generally and
significantly affect the element content in moss at the sampling plots. However, some isolated sampling
plots are significantly affected by local soil dust derived from the local bedrock (e.g. serpentinites).

o The effects on the element content variability in moss of the altitude of the sampling plots, biennial
precipitation, geomorphology, the area of forest cover and the urbanised area around the sampling plots
were tested. The variability in element contents was surprisingly little affected by geomorphology and
exposure to wind. In contrast, the content of most of the elements in moss correlated significantly and
negatively with the altitude of the sampling plots. Only the content of Cs and Rb, and to an insignificant
extent Mn, correlated positively. The content of many of the elements in moss correlated significantly and
positively with biennial total precipitation, except in the case of Mn, which correlated negatively.
Decreasing forest area around the sampling plots significantly increased the content of most of the elements
investigated here, with the exception of Rb, probably due to the diminished filtering effects of forest stands.
Increasing urbanised area around the sampling plots significantly increased the content of Ag and Bi. A
mainly rural built-up area around the sampling plots, combined with a limit on the distance from the
closest domestic furnace, had a relatively small effect on the accumulation of the investigated elements in
the sampled moss.
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e No previous measurements of atmospheric bulk deposition rates of the elements investigated here, with the
exception of nitrogen species, are available for CZ. The average absolute deposition rates for the 22
elements have been estimated using the element content in moss, moss productivity and the published
coefficients of efficiency of element uptake by given moss species. The results cannot be verified through
references to published data obtained through independent measurements of the bulk depositions, except in
the case of nitrogen. However, no satisfactory agreement between the assessed and measured bulk
deposition of nitrogen has been obtained in the vicinity of several bulk measuring stations in CZ.

e  The element contents determined in moss in CZ have been compared with available published data from
other European countries. The results of national moss surveys have shown an increasing content of
elements in moss from arctic Europe to the Mediterranean, and in Central Europe from the west to the
east. The element content in moss in CZ is comparable with, or only slightly higher than in northern
Europe for Ag, Ba, Be, La, Mn, Se, Sr, Th and Y. Two or three times higher current contents of Bi, Sb, TI
and U have been determined in moss in CZ. However, the content of most elements in moss in CZ was
two to three times lower than in southern Europe, and several times lower than in neighbouring Slovakia.
This may be due to increasing deforestation from northern Europe to the south. Although standardised
moss monitoring techniques are applied, some national differences in the bio-monitoring procedures for
collecting and processing samples (e.g., an insufficient number of subsamples, failure to process and powder
the whole amount of the collected moss sample, washing of samples) and different methods for determining
the elements (e.g., subtotal ICP-MS and total NAA techniques) can have a substantial effect on the
determined content of the elements, and false conclusions may be drawn.

e The environmental and public health implications of the three main bio-indicated atmospheric deposition
hot spots in CZ should be taken into account. Eutrophication has had a negative effect on stability and
biodiversity in sensitive natural ecosystems in CZ. Contamination levels due to deposition of toxic or
hazardous elements in the hot spots may not have an apparent effect on biota and on human health.
However, there is little knowledge about the synergistic action of these elements. Some precautions, at least
washing of raw vegetables, could be recommended in these hot spots of increased soil and industrial
dustiness.

e In order to push forward the frontiers of our knowledge in the bio-indication of pollution sources of the
investigated elements and their transport and effects in Central Europe, it is highly desirable to integrate
these elements into the European and national moss monitoring campaigns.
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6. CZECH SUMMARY - SOUHRN

UvOD

Pozemn{ bokoplodé mechy téméf neptijimaji Ziviny z padnich pokryvi, ale adsorbuji prvky z atmosférické
depozice. Proto jsou intenzivné vyuziviny od 70. let minulého stoleti jako pasivni bioindikdtory (samplery) tGrovni
atmosférickych spada prvk v mistech rastu mechu. Od roku 2000 bylo pravidelné celoevropské zjistovdni obsahu
10-13 toxickych prvki v mechu zafazeno jako podprogram “Tézké kovy v mechu” (icastni se ho 25-30 zemi) do
integrovaného mezindrodniho programu OSN EHK ICP-Vegetace. Aktivity programt ICP slouzi ke kontrole
dodrzovan{ Omluvy o snizovdn{ zneliSténi ovzdusi prechdzejicim hranice stdt (CLRTAP, 1979). V roce 2000
mezindrodn{ zivazky CR v oblasti sledovini obsahu téZkych kovii v mechu plnilo Oddéleni biomonitoringu
a Laboratof stopovych prvkii Vyzkumného tstavu pro krajinu a okrasné zahradnictvi v Prihonicich. V rdmci tohoto
ndrodniho biomonitorovaciho programu byla zjiSténa distribuce 36 prvkd v mechu na 250 “trvalych”
monitorovacich plochich rozmisténych po celém tzemi CR. Prvni &ist ziskanych vysledki byla prezentovina
v prvnim dile ¢eské ndrodni zprdvy (Sucharovd et Suchara 2004a), kterd se zabyvala ¢trndceti prvky, pfedevsim
mezindrodnim programem povinné sledovanymi (As, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, V, a Zn), ke kterym byly
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pfitazeny jesté Al, Mo a S, které byly zjistovany v mechu na tzemi CR jiz v pfedchozim biomonitorovacim programu
v roce 1995.

V piedklddané druhé &dsti Ceské ndrodni zprévy o vysledku biomonitoringu z roku 2000 jsou uvedeny
a diskutovdny vysledky zjistén{ distribuce 22 nepovinné sledovanych prvkii (Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li,
Mn, N, Pr, Rb, Sb, Se, Sn, Sr, Th, TI, U a Y) v mechu na 250 monitorovacich plochich v CR. Protoze pribéh
biomonitorovaciho programu z roku 2000 byl podrobné popsin v prvnim dile ¢eské ndrodni zprévy (Sucharovd et
Suchara 2004a), v druhém dilu se uvddéji jen nejnutnéjsi informace ke sbéru, zpracovani a chemické analyze vzorkil.
Presto obsah zprévy poskytuje dostatené komplexni informace o pouZitém zplisobu biomonitorovdni drovni
atmosférického spadu prvka, aniz by ¢tendf potfeboval mit k dispozici prvni dil ¢eské ndrodni zprévy.

Z dtivodu pozdniho ziskdni finan¢ni podpory na vyddni druhého dilu zprévy v letech 2005 a 2006, podafilo se
vydat tiskem aktudlné doplnény manuskript druhého dilu pfipraveného v roce 2004 az nyni.

Mezitim byly vysledky biomonitorovactho programu roku 2000 publikovdny v kontextu Visegrddského prostoru
(Polsko, Madarsko, Slovensk4 republika a Cesk4 republika) (Suchara et al. 2007) a nékolika ¢lancich, napt. Suchara
et Sucharovd (2004) a Sucharovd et Suchara (2004b). Ptesto vysledky biomonitoringu ziskané v CR z roku 2000
dosud nebyly nikde publikovény v takovych podrobnostech, jak jsou predklidiny v této zpravé. Ceskd ndrodni
zpréva o bioindikované distribuci atmosférické depozice prvkd v roce 2000 je uréena pfedev$im pro potiebu
biomonitorovacich pracovist v ostatnich zemich zapojenych do programu ICP-Vegetation a pro domdci a zahrani¢ni
odborniky zabyvajicimi se atmosférickou depozici prvka a jejim dopadim na slozky Zivotniho prostfedi vcetné
lovéka.

1 OBECNA CAST

1.1 CESKA REPUBLIKA A ZDROJE ZNECISTUJICI OVZDUSI SLEDOVANYMI PRVKY

Pro pottebu zahrani¢nich ¢tendti se uvadi rozloha CR (78 864 km?) a poloha historickych zemi Cechy, Morava
a Ceskd ¢&ist Horntho Slezska. Tabulka 1 poskytuje ndzvy, pfislusné zkratky a rozlohy stdvajicich krajskych
administrativnich celka, které se uvddéji v této zpravé pii hodnoceni regiondlnich depozi¢nich zatézi jednotlivymi
prvky napt. ve sloupkovych diagramech. Rozmisténi sprévnich krajii v CR je zobrazeno na Obr. 1.

V 80. letech minulého stoleti pisobilo na tzem{ dne$ni CR velké mnozstvi pramyslovych podniki, hlavné
metalurgickych, strojirenskych, energetickych, chemickych, skldfskych, textilnich a dal$ich koncentrovanych
predeviim v uhelnych panvich podél Krusnych hor a na Ostravsku, ale i v severovychodnich Cechdch, v okoli Plzné,
Liberce, Brna a jinde. Uvedend pramyslovd centra patfila k nejznecisténéj$im oblastem stfedni Evropy.
Podkrugnohorskd hnédouheln4 oblast byla oznacovéna jako Ceskd &ist tzv. “Cerného trojihelniku (I)” a analogicky
hornoslezskd uhelnd oblast véetné Ostravska s bioindikovanymi podobné vysokymi drovnémi spadu prvka jako
“Cerny trojihelnik II” (Markert et al. 1996).

Nérodni registry emisnich zdroji zneciStujicich ovzdusi (REZZO 1-4) vedly a vedou evidenci pfedev$im
hlavnich znedistujicich ldtek, jako SO,, NO,, pevny aerosol, uhlovodiky, nékteré toxické kovy Cd, Hg, Pb, Zn atp.

V dusledku politicko-ekonomickych zmén po roce 1989 doslo k zdniku véwsiny podnikd tézkého primyslu,
omezeni vyroby elektrické energie a pramyslovému spalovani uhli, odsifeni uhelnych elektrdren CEZ (1994-1998),
zavddéni modernich technologii (napf. Kovohuté a.s. Piibram, 1998), snizovdni a od roku 2000 zruseni distribuce
olovnatych benzintt v CR. Na druhé strané doglo v CR k prudkému nirtistu provozovanych naftovych, predeviim
ndkladnich automobilt. Bioindikované depozi¢ni Grovné toxickych kovit vykazuji od roku 1991 dramaticky pokles
na Krdlovéhradecku, Pardubicku, Plzensku, Brnénsku a Liberecku, podstatny pokles na Mostecku a Sokolovsku
a zfetelny, ale mensi pokles na Ostravsku.

V soucasné dobé politika a zdkony na ochranu ovzdusi se v CR fidi smérnicemi a doporu¢enimi EU. Mno#stvi emisi
z jednotlivych zdroji je evidovéno v registrech REZZO 14 spravovanymi CHMU, rozmisténi emisnich zdroja a jejich
vykony jsou k dispozici na internetovych strankdch (http://www.chmi.cz/uoco/data/emise/gnavemise.html). V soucasné
dobé koncentrace SO,, NO,, pevného aerosolu, ¢istic PM; a O; v ovzdusi CR sleduje 230 stanic péti provozovateld.
Na zhruba 60 stanicich se sleduje koncentrace Al, As, Cd, Pb, Cr, Ni, Be, Hg, Mn, Fe, Cu, Zn, Sb, V a na 15-20
stanicich koncentrace t€kavych a vytrvalych organickych polutantii (VOCs a POPs). Na zhruba 95 mistech pracuji
automatické méfic{ stanice sledujici v ovzdusi koncentrace napf. PM,s, NH;, Hg a vybrané meteorologické
charakteristiky. Ve 27 méstech jsou v ovzdus sledovdny koncentrace SO,, NO,, PMy a v prasném spadu obsahy As,
Cr, Cd, Mn, Ni, Pb na zhruba 75 stanicich provozovanych Zdravotnimi tstavy a CHMU. Nékolik provozovateli
sleduje obsahy SO, NOs, H*, F;, ClI', H*, NHy*, K*, Na*, Mg*, Ca*, Zn*, Pb*, Cd*, Ni*, Fe**, Al>*, As*
v mokré depozici se suchym spadem (bulk) a v podkorunovych srézkich na 20-25 mistech v CR. Observatot
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Kogetice provozovand CHMU sleduje vstupy a dynamiku litek ze zneci$téného ovzdusi do ostatnich slozek zivotniho
prostfedi (program integrovaného monitoringu).

Od roku 1992 jsou tdaje o znedistén{ ovzdusi k dispozici v Informaénim systému o kvalité ovzdusi (ISKO),
v ro¢enkéch o kvalité ovzdusi a na internetovych strainkich CHMU, dostupné napt. na strénkéch:
www.chmi.cz/uoco/isko/schisko/schiskoe.html
http://www.chmi.cz/uoco/isko/sitsta/sitstae.html
http://www.chmi.cz/uoco/isko/tab_roc/tab_roc.html

Mapy distribuce sledovanych ldtek ve zneli$téném ovzdu$i a v atmosférickém spadu jsou k dispozici na
internetovych strinkich CHMU: http://www.chmi.cz/uoco/isko/groc/gr05cz/sezobr.html.

Limitn{ koncentrace zneli$téni ovzdu$i vztazené k ochrané zdravi obyvatel jsou k dispozici na internetovych
strdnkdch hetp://www.chmi.cz/uoco/isko/projekt/creu-ang.html.

Pfes znalné hustou sit stanic monitorujicich kvalitu ovzdusi jsou k dispozici pouze udaje pro koncentrace
dominantnich polutantd ovzdusi a nékteré toxické kovy doporucené k monitorovéni EU. O aktudlnich drovnich
atmosférickych spadi vétiny prvki na tzem{ CR nenf dostatek informaci.

Sledovdn{ distribuce obsahu 22 prvkd v mechu muze poskytnout prvni souhrnné tdaje o relativnich depozi¢nich
zdtésich Gzem{ CR prvky, které dosud nebyly v atmosféte a atmosférickych spadech soustavné sledoviny. Bohuzel
v pfedchdzejicich biomonitorovacich programech (Sucharovd et Suchara 1998, 2004a) tyto nepovinné sledované
prvky nebyly v mechu zji$tovdny, takze chybi odhady jejich depozi¢nich trendii pro obdobf restrukturalizace tézkého
priamyslu v CR, kdy u opakované sledovanych (1991, 1995, 2000) tézkych kovi byl bioindikovan jejich prudky
depozi¢ni pokles.

1.2 BIOMONITOROVANI RELATIVNI UROVNE SPADU PRVKU

Pozemn{ druhy bokoplodych mecht, které pfijimaji Ziviny nadzemnimi ¢4stmi téla pfevdzné z atmosférického
spadu jsou vhodnymi pasivnimi bioindikdtory tGrovné atmosférického spadu prvki, protoze deponované prvky
rozpusténé v destové vodé nebo rose (kationty) jsou efektivné adsorbovdny na zdporné nabité funkéni skupiny
pektind (polykyseliny). Jako vhodné bioindikdtory trovni spadi se osvéddily nésledujici boredlni druhy mechii:
Hylocomium splendens (rokytnik skvély), Pleurozium schreberi (travnik Schreberiv), Scleropodium purum (lazec &isty)
nebo Hypnum cupressiforme (rokyt cypfiSovity) a nékeeré dal$f druhy.

Bioindikace spadu Pb a Cd a pozdéji i dalsich kovll pomoci analyzy mechl na velkém Gzemi byla zavedena v 70.
letech minulého stoleti ve Svédsku a sousednich zemich. Ve Skandin4vii probéhly étyti biomonitorovaci programy v
letech 1971-1987 podle standardizovanych monitorovacich postupi. V roce 1990/1991 a 1995/1996 byl
zorganizovan prvni a druhy celoevropsky program bioindikovdn{ depozi¢nich trovni cca 10 prvka (Al, As, Cd, Co,
Cr, Cu, Fe, Hg, Ni, Pb, S, V, a Zn) v téméf 30 zemich koordinovany skupinou skandindvskych odbornikd. Dalsi
celoevropsky biomonitorovaci program 2000/2001 byl zafazen mezi aktivity mezindrodniho programu OSN EHK
ICP — Vliv znedi$én{ ovzdusi na pfirozenou vegetaci a plodiny (www.unece.org/env/wge/vegetation.htm) po
ratifikaci smlouvy o t&kych kovech v rémci Umluvy CLRTAP v roce 1998. Tteti celoevropsky biomonitorovaci
program sledoval distribuci 10-13 povinné sledovanych prvkd v mechu (Buse et al. 2003).

Podobné v naprosté véwiné ndrodnich biomonitorovacich programt vyuzivajicich analyzy mechu k urceni
relativni depozi¢ni zétéze prvki byly sledovdny pouze povinné sledované prvky. Udaji o obsahu ostatnich prvkii
v mechu bylo publikovéno relativné velmi mdlo. K dispozici jsou napf. Gidaje z Norska (Steinnes et al. 1992, 2001,
Berg et Steinnes 1997a,b), okoli Barentsova mote (Halleraker et al. 1998), arktické ¢dsti Evropy (Reimann et al.
1997), poloostrova Kola (Frontasyeva et al. 2000), Slovenska (Marikovsk4 et al. 2003, Florek et al. 2007), Bulharska
(Stamenov et al. 2002), Rumunska (Stan et al. 2001), Stbska (Frontasyeva et al. 2004). Obsahy 45 prvka v mechu
jsou uvddény napt. z Kanady, oblasti Otter Lake (Chiarenzelli et al. 2001). Maloplo$né byly zjiStovany obsahy
stopovych prvkid v mechu Bryum argenteum (prutnik stfibrny) na gradientu mésto-horsky venkov v Itdlii (Aceto et al.
2003) nebo v mechu Pleurozium schreberi v Cisté referenéni ¢dsti a primyslovych oblastech Polska (Grodziriska et al.
2003). Akumulace stopovych prvkit vodnim mechem Fontinalis antipyretica (pramenicka obecnd) byla sledovdna ve
vodotetich polské a ceské strany sudetskych pohoiff (napf. Samecka-Cymerman et Kempers 1994, Samecka-
Cymerman et al. 2005). Blize viz kapitolu 2.3.5 této zpravy.
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2 POKUSNA CAST

2.1 CILE BIOINDIKACNIHO PROGRAMU VYUZIVAJICIHO MECH
Hlavnim cilem tfettho ¢eského ndrodniho biomonitorovaciho programu v roce 2000/2001 bylo zjistit a odevzdat
koordina¢nimu centru projektu OSN EHK ICP-Vegetace vysledky stanoveni distribuce obsahu povinné sledovanych
prvk v mechu. Vedlej$im cilem bylo soucasné stanovit distribuci obsaht dal$ich 22 (Ag, Ba, Be, Bi, Ce, Cs, Ga, In,
La, Li, Mn, N, Pr, Rb, Sb, Se, Sn, Sr, Th, T1, U a Y) nepovinné sledovanych prvkii v mechu poskytujicich prvni
odhady relativnich spadd téchto prvki pro potfebu ndrodniho biomonitorovaciho programu a pro pozdéjsi vyuziti
v rdmci programii ICP-Vegetation. Diivodem pro toto rozhodnuti byl v§eobecny nedostatek informaci o depozi¢ni
Grovni téchto prvka v CR a pomérné znaénd zdravotni a environmentdln{ rizika spojend se zvysenou kontaminaci
prostfedni nékterymi z nich (napf. Be, Se, Sn, Th, T1, U). Hlavni cile v oblasti biomonitorovdni depozic nepovinné
sledovanych prvkii v roce 2000 byly ndsledujici:
o zjistit zdkladni informace o vlastnostech, vyskytu, technickém vyuZzivdni a Géincich na biotu 22 prvka
dodate¢né zahrnutych do ¢eského nédrodniho biomonitorovaciho programu v roce 2000,
e urdit obsahy téchto 22 prvka v mechu sebraného z 250 trvalych monitorovacich ploch,
e publikovat vysledky chemickych analyz a zdkladni statistiku naméfenych dat,
e zpracovat analytické vysledky formou bodovych a izoliniovych map zobrazujicich aktudlni distribuci
22 prvkit v mechu na tzemi CR,
e zjistit polohy piipadnych hot spoti akumulace sledovanych 22 prvkit v mechu na tdzemi CR a uréit
odpovidajici emisni zdroje nebo pticiny vzniku téchto hot spott,
o zjistit vysvétlujici proménné pulisobici v krajiné, které vyznamné kontroluji variabilitu obsahu sledovanych
prvki v mechu,
e srovnat zjiSténé aktudlni obsahy sledovanych prvka v mechu s publikovanymi zahrani¢nimi daty,
e  publikovat vysledky ndrodniho biomonitorovactho programu formou samostatného dilu ceské ndrodni
zpravy o vysledku bioindikace aktudlni distribuce relativnich depozi¢nich zitézi 22 sledovanych prvki v CR.

2.2 MATERIAL A METODY

Cesky ndrodn{ biomonitorovaci program zjistovani distribuce relativni atmosférické depozice prvkii byl providén
podle metodickych pokynt, manudlu (Rihling 1994) platného jiz pro minuly biomonitorovaci program 1995.
Podrobnosti k doporucené standardizaci pracovnich postuptt uvddi prvni dil této zprévy (Sucharovd et Suchara
2004a). Zdsadn{ informace jsou uvedeny v nésledujicich kapitoldch.

2.2.1 SBER VZORKU

Vzorky mechu byly odebirdny na podzim roku 2000 na 250 “trvalych” lesnich biomonitorovacich plochich
umisténych na tizemf celé CR v siti zhruba 15 x 15 km. Na kazdé monitorovaci ploe velikosti nejéastéji 50 x 50 m
bylo na volnych prostranstvich odebrdno 7 dil¢ich vzorka mechu spojenych pro kazdou plochu do jednoho smésného
vzorku objemu 7-8 litrti. Odebirany mech nebyl v kontaktu s podkorunovymi srdzkami ani biomasou listd keficka a
trav. Vzorky mechu byly odebrdny na 155 identickych monitorovanych mistech a z diivodt naruseni{ monitorovacich
ploch nebo zmény vegeta¢nich poméri v blizkosti dal$ich 41 ploch vyuZivanych pro biomonitoring v roce 1995.
Proti roku 1995 bylo v roce 2000 zalozeno novych 54 monitorovacich ploch pro potiebu zahu$téni odbérovych mist
zvld$té podél predpoklddanych strmych depozicnich gradientd prvka. Odbérové plochy identické nebo téméf
identické jako v roce 1995 byly kédovany celymi ¢islicemi 1 az 192, odbéry mechu déle nez 1 000 m od trvalé plochy
z roku 1995 nebo plochy nové zalozené byly kddovdny d&islem nejbliz§i monitorovaci plochy z roku 1995
s pfipojenym indexem -01, popf. -02; -03 atd. Geografickd poloha stfedu monitorovaci plochy byla kontrolovdna
nebo nové zaméfena osobnim naviga¢nim piistrojem (GPS, Garmin). Aktudln{ stanovi$tni a klimatické poméry byly
zaznamendny do protokolu o odbéru vzorku (Sucharovd et Suchara 1998: 21), geologické poméry, vyméra lesnich
a urbanizovanych ploch v okruhu 5 km kolem monitorovacich ploch, ro¢ni srdzkové Ghrny pro roky 1999-2000 atp.
byly zjistény dodate¢né z piislu$nych map a rocenek. Dodate¢ny nebo opakovany kontroln{ odbér vzorkd mechu na
4 plochéch byl proveden v roce 2001. Seznam odbérovych ploch udévd Pfiloha — Tabulka 1, zastoupen{ pocltu
monitorovacich ploch v jednotlivych administrativnich krajich CR je uvedeno v Tabulce 2. Rozmisténi ploch na
tzemi CR je zobrazeno na Obr. 2.
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2.2.2 ODEBRANE DRUHY MECHU

Prednostné (96 % pftipadil) byly odebirdny bokoplodé boredlni druhy mechu Pleurozium schreberi (travnik
Schreberiv) a Scleropodium purum (lazec Cisty), které zachycuji velmi podobné atmosférickou depozici prvki
a poskytuji srovnatelné vysledky. Ve vyjimeénych ptipadech, kde nebyl dostatek vhodnych lestt nebo nemohly byt
uvedené druhy mechu odebrdny za pfedepsanych podminek, byly odebrdny jiné druhy mechu Eurbynchium
angustirete (trnénka Zetterstedtova), Brachythecium rutabulum (banatka obecnd) popt. Brachythecium salebrosum
(bariatka draslavd), které maji podobnou fyziognomii jako druhy pfedchozi a je pravdépodobné, ze pfijimaji prvky
z atmosférického spadu velmi podobné. Druhy mecht odebrané na jednotlivych monitorovacich plochich jsou
uvedeny v Ptiloze — Tabulka 1. Podrobnégjsi popis pouzitych bioindikdtort je k dispozici v pfedeslych ndrodnich
zpravdch (Sucharovd et Suchara 1998, 2004a), kde jsou uvedeny i mezidruhové rozdily v pifjmu prvkd ze spadi.
Druh Hypnum cupressiforme, aé relativné vsude hojny, nebyl pro biomonitorovaci program v roce 2000 pouzit,
protoze ve stejném prostiedi hromadi asi o tfetinu vy$$i obsahy prvka nez vy$e uvedené druhy mechil. Zastoupen{
jednotlivych druhtt mecht v analyzovaném souboru vzorkt uvdd{ Tabulka 3.

2.2.3 ZPRACOVANI VZORU

Z odebranych smésnych vzorka byly opatrné odstranény nezddouci pfimési a z mechovych rostlinek pro dalsi
zpracovani a analyzu byly odebriny 2-2,5 leté vrcholové &isti tak, aby nedoslo ke kontaminaci vzorku édsteckami
humusu. Destilovanou vodou nemyté vzorky byly na vzduchu usuSeny mezi archy distého filtra¢niho papiru
v bezprasné mistnosti. Asi 1,5-2 litry usu$eného vzorku mechu byly umlety v mlynku s titanovym rotorem a sitkem
o velikosti ok 0,2 mm. Do doby analyzy byly vzorky uchovaviny v polyetylénovych sdccich.

2.2.4 CHEMICKE ANALYZY

Asi 0,5 g vysuseného (40 °C) vzorku bylo ve tfech navdzkdch soubézné mineralizovdno v teflonovych tlakovych
nddobkdch s kyselinou dusi¢nou a peroxidem vodiku (Merck suprapure) v mikrovlnném zafizeni pro tlakovy rozklad
vzorki (CEM, MARS 5). Mineralizit byl pfeveden do teflonovych odmérek a doplnén deionizovanou vodou na
objem 100 ml. Obsah Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, Pr, Rb, Sb, Se, Sn, Sr, Th, Tl, U a Y byl stanoven
metodou ICP-MS (PE Elan 6000). Koncentrace sledovanych prvkii ve vSech vzorcich byla nad detekénimi limity
metody (Tabulka 4). Pro stanoveni celkového dusiku byly vzorky rozlozeny kyselinou sirovou a peroxidem vodiku
v mikrovlnném systému na rozklad vzorkt CEM STAR System 2. Po pifevedeni vzorkd do destila¢nich nddobek
a alkalizaci hydroxidem sodnym byl uvolnény amoniak pfedestilovin vodni parou do kyseliny borité na zafizeni
Biichi B-324 a titrovdn roztokem kyseliny sirové.

2.2.5 ZAJISTENI KVALITY VYSLEDKU

Ve v$ech standardizovanych krocich od sbéru az po analyzu vzorka byla dodrzovdna pravidla pro zajisténi kvality
prace. Vzorky byly odebirdny a zpracovdny v polyetylenovych névlecich rukou nebo jednordzovych PE rukavicich.
Do rozklddanych sérii vzorkt byly umistény slepé pokusy, referenéni rostlinny materidl a standard mechu. Trendy
v pribé¢hu analyz byly sledoviny na regula¢nich diagramech (Montgomery 1985). Ke kontrole vysledka analyz
sledovanych prvki byly pouzity ndsledujici referenéni rostlinné materidly:

e TAFEA Lichen 336, referen¢ni koncentrace ndsledujicich prvka: Ba, Cs, La, Mn, Rb, Sb, Se a Sr.

e TAEA Hay - V10, referen¢ni koncentrace nédsledujicich prvka: Ba, Ce, Cs, La, Mn, Rb, Sb, Se, Sra Th.

e Laboratorni referenéni material mechu Pleurozium schreberi (MUHOS, Finsko) M1, M2 a M3
s doporu¢enymi koncentracemi pro ndsledujici prvky: Ba, Cs, La, Mn, Rb, Sb, Se, Sr a Th a s infika¢nimi
hodnotami pro koncentrace ndsledujicich prvka: Ag, Be, Ce, Ga, In, TI, U a'Y (Steinnes et al. 1997).

Jako mistni laboratorni standardy mechu Pleurozium schreberi byly poutzity archivované vzorky mechu z roku
1995 (M64/95 P.s. a M68/95 P.s.). Nepodatilo se ziskat vhodné rostlinné materidly s certifikovanymi koncentracemi
pro Li, Pr a Y. Ziskané vysledky dlouhodobych analyz nejcastéji pouzivanych referenénich materialdt ke kontrole
analyz vzorkd mechu jsou uvedeny v Piiloze —Tabulka 4.

Stanoveni obsahu dusiku bylo kontrolovéno analyzami referenéniho rostlinného materidlu NIST Spinach Leaves
1570, laboratorniho standardu mechu Pleurozium schreberi a vzorku trdvy z mezilaboratornich srovndvacich testd
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WEPAL 100 Grass (GR94). Vysledky stanoveni dusiku ve vybranych referenénich materidlech uvddi Ptiloha
— Tabulka 4. Laboratof stopovych prvki VUKOZ se pravidelné déastnila mezinirodniho programu kontroly
analytickych laboratofi WEPAL (Wageningen Evaluating Programmes for Analytical Laboratories, Wageningen
University).

2.2.6 MERENI PRODUKCE MECHU

Pro potfebu odhadu absolutnich hodnot atmosférického spadu bylo potieba zjistit produkci mechu. V prosinci
roku 2000 v nékolika réiznych klimatickych oblastech CR byl kvantitativné odebrén mech Pleurozium schreberi
z ploch 20 x 20 cm. Jednoleté segmenty vSech odebranych rostlinek byly ususeny (40 °C) do konstantni hmotnosti,
zvazeny a produkce mechu pfepoctena na plochu 1 m?. Vysledky jsou vyuzity v kapitole 2.3.3.

2.2.8 ZPRACOVANI VYSLEDKU

Datové soubory byly uchovdvdny, importovdny a sloupcové diagramy vytvofeny v programech Microsoft Excel
a Word, zdkladnf statistické zpracovani, korela¢ni, shlukovd a faktorov4 analyza byla provddéna v programu StatSoft
Statistica a bodové a izoliniové mapy byly vytvofeny pomoci programu Golden Software Surfer. V izoliniovych
mapich byla pouzita linedrni interpolace dat (Jongman et al., 1996; Keckler, 1997). Interpolace dat v¢etné okoli
stitni hranice byla provedena vyhradné mezi body na dzemi CR, protoZe sledované prvky v mechu nebyly
v sousednich zemich stanovovdny s vyjimkou Slovenska, kde vsak chybi data z Gzemi v sousedstvi jihovychodni
Moravy.

Vymezeni depozi¢nich zén, uréeni koeficientd nabohaceni a vypocet absolutni atmosférické depozice je popsino
v kapitole 2.3.2.1, 2.3.2.6 2 2.3.3.

2.3 VYSLEDKY A DISKUSE

2.3.1 OBSAH PRVKU V MECHU

Protokoly o priibéhu analyz a primdrni analyticki data jsou ulozeny v Laboratoti stopovych prvkit VUKOZ.
Kompletni analytické vysledky byly publikovdny ve zprdvé (Sucharovd et al. 2001). Zde se uvaddéji pro kazdou
monitorovaci plochu v Ptiloze — Tabulka 2 zji$téné obsahy prvkd formou koncentra¢nich hladin (1-4), které jsou
definoviny v Tab. 19. Zdkladn{ statistické parametry souboru méfeni obsahu prvkii v mechu pro celé tizemi CR
a jednotlivé kraje jsou k dispozici v Tabulkdch 5-18.

V této sti se uvddéji struéné zdkladni informace o fyzikdlné-chemickych vlastnostech sledovanych prvki (Ag,
Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, N, Pr, Rb, Sb, Se, Sn, Sr, Th, T1, U a'Y), jejich vyskytu v ptirodé, obsazich
v hornindch, pidnich pokryvech, vodé a nékterych organismech, jejich vyuzivani ¢lovékem a biologickych funkcich
a toxicité. Nisleduje komentaf k distribuci obsahu piisluiného prvku v mechu na tizemi CR (vloZené barevné bodové
a izoliniové mapy). Rozdily mezi primérnym obsahem prvk v mechu na Gzemi jednotlivych kraji od celostdtniho
priiméru zobrazuji piisluiné sloupcové diagramy. V dals{ ¢4sti komentait se uvadi seznam oblasti CR, kde byl zjistén
vysoky nebo zvyseny obsah prvku v mechu indikujici v danych mistech vysoké nebo zvysené depozi¢ni drovné prvku.
Pfi¢iny bioindikovanych zvy$enych spadi prvki jsou vysvétlovdny piisobenim blizkych potencidlnich emisnich
zdroji. Pro srovndn{ se uvddéji publikované obsahy prvkd v mechu z jinych zemi. Komentdfe jsou uvedeny
v abecednim potadi chemickych znacek sledovanych prvki.

Souhrnné komentéfe k obsahu vSech prvkd v mechu, zji$téné korela¢ni matrice obsahu prvkd, vliv vybranych
proménnych pusobicich v krajiné na zji$ténou variabilitu obsahu prvkd, odhady absolutnich hodnot depozi¢nich
zdté3l prvkil a srovndni akrudlntho obsahu prvkit v mechu na dzemi{ CR s uddvanymi obsahy prvka v mechu
z nékterych jinych stdtd Evropy poskytuji dalsi kapitoly této zprévy.

2.3.1.1 STRIBRO

Stiibro (Ag) je typicky chalkofilni prvek dfive téZzeny na mnoha mistech CR. Zakladni fyzikélné-chemické
vlastnosti Ag uddvd tivodni tabulka. Obsahy Ag v hornindch (karbondty-vyvfelé horniny) se pohybuji mezi 0,01-0,1
mg.kg”!, v rostlinich 0,06-0,3 mg.kg”. Ag neni biogennim prvkem. Nékteré rostliny nebo plodnice kloboukatych
hub mohou hromadit vy$${ obsahy Ag. Pouzivd se pro vyrobu Sperkil, zrcadel, elektrosoucdstek, baterii,
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fotografickych filma, barveni skla, vyrobu desinfekénich prostfedki ap. Chronickd toxicita se projevuje u ¢loveka prti
pifjmu Ag asi 60 mg.den™.

Zjisténé pramérné obsahy Ag v mechu na tzemi CR a jednotlivych kraji udévaji Tabulky 5-18. Aktudlni rozpéti
obsahu Ag v mechu na tizemi CR bylo 0,014-0,128 pg.g", celorepublikovy pramér dosahoval 0,030 pg.g™. Relativné
nejvyssi kladné odchylky medidnii obsahu Ag v mechu proti celostdtnimu medidnu vykazovaly vzorky mechu z kraji
OV a LI, nejvétsi zdporné odchylky z kraji CB a BN (viz Obr. 3). Distribuci Ag v mechu na tizemf{ CR zobrazuje
barevnd vlozend bodovi a izoliniovd mapa.

Zvyseny obsah Ag v mechu byl zji$tén v nésledujicich oblastech CR:

Ostravsko s pfilehlou ¢dsti Moravskoslezskych Beskyd.

Okoli mésta Ptibram.

Ptihranién{ oblasti severnich Cech v okolf Frydlantu a Rumburku.
Sudetskd pohraniéni pohoti v severni é4sti CR.

RN A

Maloplosné mistni zvySeni obsahu Ag v mechu v Krusnych hordch, na Sokolovsku a mezi Polickou
a Moravskou Ttebovou.

V ostatnich ¢dstech CR, prekvapivé i v priimyslovych oblastech, nebylo Ag ve vét$im mnozstvi v mechu zjisténo.
Pfi¢iny zvy$eného hromadéni Ag mechem ve vyse uvedenych oblastech CR jsou ndsledujic:

1. Provoz zdvodll nezelezné metalurgie.

2. Recyklace olovéného a nezelezného odpadu s obsahem drahych kovii a vyroba specidlnich slitin v Kovohuti
a.s., Piibram.

3. Spalovdni velkého mnozstvi hnédého uhli v blizké elekerdrné Tutéw, Bogatynia (Polsko).

4. Intenzivnéj§i vymyvani pevného acrosolu s obsahem Ag ve srdzkové bohatich horskych regionech a snad
i psobeni geomorfologie (Cervenovodské sedlo) usmérnjici proudéni vzduchu znedisténého z vnitrozemskych
emisnich zdrojt (Pardubicko).

5. Velmi lokdln{ malé emisni zdroje v mistech provozii hutniho, strojirenského, chemického a elektrotechnického
pramyslu.

Vlozend barevnd mapa ukazuje distribuci obsahu Ag v mechu v okruhu 14 km kolem zdvodu Kovohut¢ as.,
Ptibram zji$ténou zvld$tnim biomonitorovacim programem provddénym v roce 1999 (Sucharovd et Suchara 2004c)
po zprovoznéni novych technologii Setrnéjsich k Zivotnimu prostiedi v Kovohutich.

V jiznim Svédsku byl zjistén (Riihling et Tyler 2004) zhruba pétindsobny pokles primérného obsahu Ag v mechu
mezi roky 1995 a 2000 (pokles z 0,103 pg.g"' na 0,020 pg.g"). Obsahy Ag v mechu v oblasti Barentsova mote jsou
uddvény kolem 0,025 pg.g” (Halleraker et al. 1998), pramérné obsahy z Norska kolem 0,035 pg.g” (Berg et Steinnes
1997a) a z pramyslovych oblasti Polska 0,08-0,09 pg.g” (Grodzinska et al. 2003). Pramérny obsah Ag v mechu byl
na Slovensku 0,120-0,140 pg.g' (Markovskd et al. 2003, Florek et al. 2007) a uddvané rozpéti obsahi Ag pro
Rumunsko 0,013—4,5 pg.g" (Lucaciu et al. 2004). Dal3{ srovndni uvddi kapitola 2.3.5. Obsah Ag v mechu na tzem{

CR je asi 1,4x vy$si nez v severni Skandindvii, srovnatelny s Polskem a asi 5x niZ$i nez na Slovensku.

2.3.1.2 BARYUM

Baryum (Ba) je typicky litofilni prvek zastoupeny nejvice v nékterych granitech a sedimentech (400-2 000 pg.g'),
pramérny obsah Ba v naSem uhli se uddvd 312 mgkg' a v elektrdrenskych popilcich kolem 890 mg.kg!
(Trebichavsky et al. 1997). Ba neni biogennim prvkem pro zddnou skupinu organismt na Zemi, nékteré rostliny,
prvoci nebo plankton vSak mohou hromadit Ba ve vét$im mnozstvi. Ve vrcholovych édstech mechu Scleropodium
purum byl ve Francii zjiStovdn (Leblond et al. 2004) zhruba polovi¢ni obsah Ba (4 pg.g") neZ v bazdlni &ésti mechu
(8 pg.g™).

Slouceniny Ba se uZivaji jako absorbenty rentgenového zdfeni, pro vyrobu pigmentd, zdbavné pyrotechniky,
vyrobu neZeleznych slitin, v hutnictvi, skldfstvi a lékafstvi.

Rozpustné slouceniny Ba jsou toxické pro zivolichy i rostliny. Pro ¢lovéka je rizikovy pfijem Ba kolem
200 mg.den™.
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Obsahy Ba v mechu na tizemi CR se pohybovaly v Sirokém rozmezi 6,0-69,8 pg.g’, celostitni primér byl
22 pg.g'. Zakladni statistiku analytickych vysledki obsahu Ba v mechu pro celou CR a jednotlivé kraje poddvaji
Tabulky 5-18. Nejvys$i medidny obsahu Ba v mechu byly zjistény pro kraje OV a ZL, nejnizsi pro KV a SC (Obr. 4).

Vlozend barevnd bodovi a izoliniovd mapa ukazuje ndsledujici mista zvySeného obsahu Ba v mechu:

Jizni Morava v oblasti Bfeclav, Kyjov a Stdznice.

Sirsi okoli Ostravy na severni Moravé.

Orlické hory v severovychodnich Cechéch.

Piihrani¢ni oblast kolem Jablonce nad Nisou v severnich Cechach.

b S

Mistné na zdpadnim okraji Brna na jizn{ Moravé.

Ponékud zvyiené obsahy Ba v mechu byly zjidtény i lokilné v Krudnych hordch, u Mostu, na Sumavé a u Slavonic
v jihovychodnich Cechéch. Obecné na vychodni Moravé s vyskytem sedimentii karpatského flyde byly v mechu vy
obsahy Ba ne? v zdpadni &sti Moravy a v Ceském masivu.

Pfestoze emisni zdroje Ba nejsou pfesné zndmy, diivody vzniku mist zvySeného hromadéni Ba v mechu lze
vysvétlit ndsledovné:

1. Véund eroze pidnich pokryvii na Ba obsahujicich sedimentech karpatského flyse a roznos ptidnich ¢stic po
okoli.

2. Roznos pudnich a prachovych &istic vétrem erodovanych z pramyslovych sklddek v oblasti hutni a dalni
¢innosti, strusky z vyroby uslechtilych oceli a specidlnich slitin obsahujicich Ba a primyslové spalovéni uhli.

3. Mistni anomdlie v distribuci a kolobéhu Ba z proterozoickych metamorfovanych hornin a eroze jejich
pudnich pokryvii a nadlozniho humusu.
Pragnost spojend s tézbou a spalovdnim uhli v tepelné elektrdrné v blizké polské Bogatynii.

5. Véund eroze pidnich pokryvi, méstského prachu a piiméstskych sklddek odpadii primyslového mésta.

Lokdlné zvysené obsahy Ba v Severoceském hnédouhelném reviru a okoli (Krus$né hory, Mostecko) souviseji se
zvySenou prasnosti tfetihornich sedimentd pfi dobyvdni uhli a s primyslovym spalovianim velkého mnozstvi uhlf
v regionu. Mistni zvyseni obsahu Ba v mechu na Sumavé a u Slavonic souvisi s lokdlnimi anoméliemi obsahu Ba
v moldanubickych Zulovych hornindch a zvy$enym mnozZstvim vstupu Ba do nadlozniho humusu opadem a rozndsenim
stic lesntho humusu vétrnou erozi.

V jiznim Svédsku primérny obsah Ba v mechu klesl z 21,9 pg.g” v roce 1975 na 15,2 pg.g" v roce 2000 (Riihling et
Tyler 2004). V oblasti Barentsova mofe se uddvd primérny obsah Ba v mechu Pleurozium schreberi 18,5 pg.g’
(Halleraker et al. 1998) a ponékud nizsi obsahy 10-14 pg.g” z pramyslovych oblasti Polska (Grodziriska et al. 2003).
Vys$i primérné obsahy Ba jsou uddviny z Norska, 24-31 pg.g” (Berg et Steinnes 1997a) a ¢4sti Francie 30,8 pg.g’
(Gombert et al. 2004). Vysoky primérny obsah Ba v mechu 51,4-61,1 pg.g, je uddvin ze Slovenska (Marikovskd et al.
2003, Florek et al. 2007). Mech Hypnum cupressiforme v Rumunsku obsahoval Ba v mnozstvi 12-658 pg.g” (Lucaciu et
al. 2004). Dalsi srovndni poskytuje kapitola 2.3.5.

2.3.1.3 BERYLIUM

Zékladni vlastnosti berylia (Be), zdstupce skupiny kovi alkalickych zemin, poddvd tvodni tabulka. Typické obsahy
Be v nalich vyvfelych a karbondtovych horninich jsou 0,5-5 mgkg' a 0,1 mgkg” (Bene$ 1994). Domdci uhli
a elekerdrensky popilek obsahuji Be v mnozstvi 0,3-0,5 a 10-30 mg.kg'. Obsah Be v pidach se pohybuje nejéastdji
kolem 1,5-2 mgkg", kontaminované pidy v okoli tepelnych elektrdren mohou mit obsahy Be az 50 mgkg'.
Koncentrace Be ve sladkych povrchovych vodach jsou u nis uddviny kolem 1,5 pg.l", ale v mnohych &istech Ceského
masivu jsou vyssi (Majer et Vesely 1996).

Be nenf esencidlnim prvkem pro zédnou skupinu organismi. Pfirozeny obsah Be v rostlindch je 0,001-0,4 mg.kg™.
Plodnice kloboukatych druhd hub oby¢ejné neobsahuji Be ve velkém mnozstvi.

Be se pouzivd k vyrobé slitin pro vojenské a kosmické tcely, pldsté tlakovych lahvi, souddstky poéitadt, vyrobu
puncosek pro propan-butanové svitilny, specidlnich skel a keramiky.

Zvl4sté v roztoku je Be toxické pro zivolichy i rostliny. Vdechovani prachu obsahujiciho Be vede k zdnétim az
rakoviné plic (Taylor et al. 2003). Be patii v posledni dobé mezi ¢asto monitorované toxické prvky.
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Rozpéti obsahu Be v mechu na tizemi CR dosahovalo hodnot 0,008-0,162 pg.g!, primérny obsah byl kolem
0,031 pg.g'. Zékladni statistické tdaje o obsahu Be v mechu pro celou CR a jednotlivé kraje podavaji Tabulky
5-18. Proti celostdtnimu medidnu obsahu Be v mechu téméf o 30 a 20 % vy$${ hodnoty medidnd vykazoval mech
v kraji UL a OV a naopak o 30 a 20 % niz${ medidny byly zji$tény pro kraj CB a KV (Obr. 5).

Distribuci obsahu Be v mechu na tizemi CR zachycuje vloZend barevnd bodov4 a izoliniovd mapa. V nésledujicich
oblastech CR byl zji§tén zvyieny obsah Be v mechu:

1.  Hnédouhelny revir v okoli Mostu a pfilehlé ¢4sti Krusnych hor.

2 Jizni Morava mezi Uherskym Hradi$tém a Valticemi.

3 Zépadn{ &st sttednich Cech vymezend Roudnicemi nad Labem, Rakovnikem, Berounem, Kralupy nad

Vltavou s mistnim hot spotem v blizkosti Kladna.
4. Ptihrani¢ni oblast u Frydlantu v severnich Cechéch.
Malé lokéln{ hot spoty byly zji$tény u Bochova v zdpadnich Cechich, Ttebice na jizni Moravé, u Krédlik a Krnova

na severozdpadni Moravé a na vychodn{ Moravé u Zlina. Na zbylém tzemi CR (asi 60 % tzemi) obsah Be v mechu
nepiekro¢il hodnotu 0,03 pg.g”'.

Vyskyt vy$e uvedenych oblasti zvy$eného obsahu Be v mechu lze vysvétlit ndsledovné:

1. Spalovéni velkého mnozstvi uhli v tepelnych elektrdrndch na Mostecku.

2. Véund eroze pudnich pokyvii na sedimentech karpatského flySe. Zvldseé jily a silné jilovité sedimenty
oby¢ejné obsahuji nejvice Be.

3. V oblasti ptsobi nékolik potencidlnich imisnich zdrojii Be, napf. tepelnd elektrdrna u Mélnika, zbylé
pramyslové podniky v Kladné a ve Slaném, cementdrenské pece u Berouna.

4. Vliv spalovini uhli v elektrarné Turéw, Bogatynia v Polsku.

Zbylé lokdlni hot spoty lze vysvédit uvolnénim Be napf. z zul bohatych na draslik (Zivce), syenitd a nékterych
sedimentd karpatského flySe v kombinaci s pramyslovym spalovdnim uhli (Zlin).

Mech Pleurozium schreberi u Barentsova mofe obsahoval Be v malém mnozstvi kolem 0,03 pg.g”' (Halleraker et
al. 1998) a jesté nizsi pramérné hodnoty byly zjiStény pro mech v Norsku 0,019-0,023 pg.g' a2 0.019 pg.g” (Berg et
Steinnes 1997a). Naopak v severni Kanadé byly zjiStény relativné vysoké primérné hodnoty obsahu Be v mechu
0,33-0,35 pg.g” (Chiarenzelli et al. 2001).

2.3.1.4 VIZMUT

Vizmut (Bi) je relativné vzdcny stopovy chalkofilni prvek, ktery se vak v mnohém chovi jako litofilni prvek.
V CR se nachizel ve vétiim mnoZstvi na loZiscich polymetalickych rud. Cinnosti bakterif v ptidnich pokryvech miize
dochdzek k alkylaci (metylaci) Bi (Feldmann et al. 1999).

Vyvfelé horniny u nds obsahuji Bi v mnozstvi 0,07-0,01 pg.g" (Bene$ 1994), nékteré usazené horniny viak
maji vy$si obsahy Bi. Pramérny obsah Bi v nasem uhli a elektrdrenském popilku se uddvd kolem 0,1 a 1,0 g.t'
(Trebichavsky et al. 1998). V pudéch je Bi pfitomen v koncentracich 0,3—1 mg.kg" a je vdzdn hlavné na jilovitou
a humusovou slozku ptidni matrice.

Bi neni esencidlnim prvkem pro Ziddnou skupinu organismt. V rostlindch je pfitomen v mnozstvich 0,05-0,6
mg.kg™. Plodnice kloboukatych hub nemaji snahu Bi akumulovat ve vétsim mnoZstvi.

Toxicita Bi je relativné mald, proto otravy Bi jsou vzdcné. Podrizdéni az intoxikaci muZe vyvolat Bi pii
kontaktu s kiizi, vdechovdni nebo perordlni ptijem, zvldsté cheldtovych forem Bi.

Obsah Bi vmechu v CR byl zji§tén v rozmezi 0,009-0,252 pg.g', celostétni pramér kolem 0,025 pg.g’.
Zékladni statistické Gdaje k souboraim métenych vzorkis mechu z celé CR a jednotlivych kraja poskytuji Tabulky
5-18. Obr. 6 ukazuje, Ze medidn obsahu Bi v kraji LI byl o 44 % vy$${ a v kraji PL o 24 % niz${ nez hodnota
medidnu pro celou CR. Distribuci Bi v mechu na tizemi CR zobrazuje vlozend barevnd bodovi a izoliniovd mapa.
V CR byla zjisténa nésledujici mista zvy$eného hromadéni Bi v mechu:

1. Okoli Pfibrami v jihozdpadni &4sti stfednich Cech.
2. Okoli Déina v severozdpadnich Cechiéch.
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3.V blizkosti Frydku Mistku na severovychodni Moravé.

Neékolik izolovanych mist zvy$eného obsahu Bi v mechu bylo jiSténo i v podkrusnohorské hnédouhelné pdnvi
a prilehlych ¢dstech Krusnych hor, sudetskych pohofich podél severni stdtni hranice, Jesenikdch a severni &dsti
Moravskoslezskych Beskyd, v severovychodnich Cechédch a na jizni Moravé. Ptesto zhruba na 80 % tzemi CR obsah
Bi v mechu nepiekrodil hodnotu 0,035 pg.g™.

Pri¢iny vysoké nebo zvysené akumulace Bi v mechu jsou nésledujici:
1. Recyklace olovéného odpadu a nezeleznych kovil a vyroba specidlnich slitin v Kovohutich a.s. P¥{bram.
2. Zpracovani Bi a jeho sloudenin v podniku ,Aluminium® v Dé&iné.
3. Cinnost metalurgickych a strojirenskych podniki.

Vys$i akumulace Bi v mechu na Mostecku a pfilehlych ¢dstech Krusnych hor souvisi s tézbou a primyslovym
spalovanim hnédého uhli a provozovdnim chemického pramyslu (kombinace vlivu vysoké piidni a pramyslové
prasnosti). Oblasti Luzickych hor, Jizerskych hor a zdpadnich Krkonos jsou pod vlivem depozi¢nich z4téZi pevnych
aerosolli emitovanych v disledku tézby a spalovani uhli v blizké uhelné elektrdrné Turéw, Bogatynia v Polsku a emisi
z pramyslovych, zvld$té skldfskych a keramickych provoza v oblasti Liberec-Desnd. Slabé zvyseni obsahu Bi v mechu
na Cernovodském sedle mie souviset s geomorfologii terénu usmériujici proudéni vzduchu z Pardubicka.
V Moravskoslezskych Beskydech doznivd vliv emisnich zdrojii z Frydeckomistecka a Ostravska. Ve viech horskych
oblastech ptisobi i vliv zvySenych Ghrnd destovych srdzek, které zvysuji podil mokrého spadu Bi (Kap. 2.3.2.8). Na
jizni Moravé muze byt zdrojem vys$iho spadu Bi zvy$end vétrnd eroze pidnich pokryvii na sedimentech karpatského
flyse.

Obsah Bi v mechu v jiznim Svédsku v letech 19852000 vykazoval prudky pokles z hodnoty 0,113 na 0,016 pg.g"
(Riihling et Tyler 2004). V okoli Barentsova mote byl zjistén medidn obsahu Bi v mechu Pleurozium schreberi
0,014 pg.g' (Halleraker et al. 1998) a v Norsku 0,019 pg.g' (Berg et Steinnes 1997a). Pramérny obsah Bi
v mechu je tedy v CR asi 1,5x vy$si nez v severni Evropé. Dali{ srovndni uvddi Kapitola 2.3.5.

2.3.1.5 CER

Cer (Ce) je nejhojnéjsi lantanoid, ktery se chovd jako typicky litogenni prvek. Hojnéji se vyskytuje spolu
s ostatnimi lantaoidy v nékterych typech granitd a usazenindch motského pisku. BéZné obsahy Ce v ptidé a rostlinich
se pohybuji kolem 50 mg.kg' a 0,25-0,55 mg.kg™'.

Ce neni povazovdn za esencidlni prvek pro Zédnou skupinu organismt na Zemi, i kdyZ tdajné iniciuje kveteni
a rozmnozovéni rostlin (He et Loh 2000). Kloboukaté houby nemaji tendenci Ce a dal$i lantanoidy hromadit ve
vét$im mnozstvi v plodnicich.

Ce se vyuzivd k tvorbé specidlnich magnetickych slitin, zdZehovych kaminkd do zapalovacti, vyrobé skla a zrcadel
s vysokym leskem, luminiscen¢nich pigmenta atp.

Toxicita Ce je relativné mald a intoxikace se vyskytuji velmi vzdcné. Slou¢eniny Ce mohou v kontaktu drdzdit
pokozku. V solich Ce byvd pfitomné radioaktivn{ thorium.

Aktudlni obsah Ce v mechu kolisal v CR v rozmezi 0,22—4,65 pg.g" a pramérny obsah byl 0,903 pg.g”. Zékladni
statistika chemickych analyz pro vzorky mechu zcelé CR a z jednotlivych kraji je uvedena v Tabulkich 5-18.
Odchylky primérnych hodnot obsahu Ce v jednotlivych krajich proti celostdtnimu priméru dokumentuje Obr. 7.
Medidny obsahu Ce v mechu z kraji BN a ZL pfevySovaly celostdtni hodnotu medidnu o 86 a 72 %, zatimco
nejmens{ hodnoty medidni, 0 40 % mens{ nez celostdtni medidn, vykazoval mech z kraji PL a KV.

Distribuci Ce v mechu na tzemi CR zobrazuje vloZend barevnd bodovd a izoliniovd mapa. Mapy ukazuji
ndsledujici mista s nejvys$im obsahem Ce v mechu.

1. Jizni Morava mezi Kroméiiz{ a Mikulovem.

2. Severocesky hnédouhelny revir a ptilehld ¢dst Kusnych hor.
3. Velmi lokdlné na vychodnim okraji Krnova na severni Moravé.
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Mirné zvyseni obsahu Ce v mechu bylo zji$téno v tizemi mezi Roudnici nad Labem a Berounem, u Frydlantu
v severnich Cechéch, mezi Pardubicemi a Landskrounem, v okoli Nového Ji¢ina a Zlina.

Naopak nejmensi obsahy Ce mech nahromadil v jihozdpadnich a jiznich Cechdch, v Krkonogich, Orlickych
hordch, Jesenikdch a pifihrani¢nich ¢4stech Moravskoslezskych Beskyd.

Podrobnéji bylo zjistovdno rozlozen{ obsahu sledovanych prvkt v mechu Hypnum curessiforme na jizni Moravé,
nejvét$im soucasném hot spotu obsahu litogennich prvka v mechu, v letech 2002-2003 (Sucharov4 et al. 2003). Na
vlozené barevné mapé je uvedena ukdzka rozlozeni obsahu Ce v mechu v roce 2003 odrézejici pfedev$im vliv trovni
spadu ptdnich ¢stic na jihovychodni Moravé.

Vysokd nebo zvysend akumulace Ce v mechu ve vy$e uvedenych oblastech je zplisobena nésledujicimi vlivy:

1. Vysokd vétrnd eroze pidnich pokryvii na sedimentech karpatského flyse.

2. Pudni a pramyslovd prasnost doprovazejici tézbu hnédého uhli a jeho spalovdni v lokdlnich pramyslovych
topenistich a elekerdrnéch.

3. Zvysend pidni a méstskd prasnost v duisledku stavebnich aktivit v okoli monitorovaci plochy nechrénéné
lesem na vychodnim okraji Krnova. Podil pramyslové prasnosti z vyroby elektrosou¢dstek neni vyloucen.

Zvyseni obsahu Ce v mechu v zdpadni &sti stiednich Cech souvisi se zvy$enou ptidni a priimyslovou prasnosti
v disledku zemnich praci, provozem elektrdrny Mélnik, téZbou a vyrobou vdpna a cementu. Na Frydlantsku doznivd
vliv téZby a spalovdni hnédého uhli v blizké polské elektrdrné Turéw, Bogatynia. Zemni price, priimyslovd prasnost
a koncentrace pozemni dopravy zvysuje spady Ce v okoli Nového Ji¢ina a Zlina.

Zésadni pokles obsahu Ce v mechu Pleurozium schreberi z 1,00 na 0,36 pg.g’l béhem let 1975-2000 byl
zaznamendn v jiznim Svédsku (Rithling et Tyler 2004). Niemeli et al. (2007) zjistili ve Finsku vétsi rozpéti obsahu
Ce v mechu v oblastech s vét$f hustotou dopravy. Medidn obsahu Ce v mechu z Norska se pohybuje kolem 0,81 pg.g'.
V primyslovych oblastech Polska je uddvdn praimérny obsah Ce v mechu 1,1-5,6 pg.g' (Grodzisiska et al. 2003). Pro
Slovensko se udévd medidn obsahu Ce v mechu 2,54 pg.g”'(Maiikovskd et al. 2003, Florek et al. 2007). Pramérné
obsahy Ce v mechu z CR jsou zhruba jen o 10 % vy$$i nez v Norsku a 2,5x niZ$i nez v sousedni Slovenské republice.
Dals{ srovndn{ poskytuje Kapitola 2.3.5.

2.3.1.6 CESIUM

Zékladni fyzikdlné-chemické charakteristiky cesia (Cs), typicky litofilniho prvku, poskytuje Gvodni tabulka.
V pfirodé se pfirozené vyskytuje ve formé stabilniho izotopu '**Cs, ale bylo popsdno kolem 30 radioizotop, z nichz
zaffzeni (napf. Cernobylskd havirie). Ve slozkéch zivotniho prostied{ se Cs chovd podobné jako Rb.

Obsah Ce v naSich hornindch se pohybuje v rozmezi 0,1-5 mg.kg', na Pfibramsku 1-7 mg.kg"' (Benes 1994,
Kominek 1995a, 1995b). Pdni pokryvy obsahuji Ce nejéastéji v mnozstvi 1-25 mg.kg"', nejvétsi mnozstvi Ce je
vézéno na jilovitou frakei ptid.

Cs neni esencidlnim prvkem pro Zddnou skupinu organismt na Zemi. Muze vsak konkurovat drasliku v jeho
pifjmu rostlinami a bakteriemi, protoZe piijem a pfenos K* i Cs* zprostfedkovdvd stejny mechanismus. Rostliny
s konkurenénim typem Zivotn{ strategie (ve smyslu Grime 1979) viak pfijimaji v 4zivném prostied{ Cs, v¢etné '’Cs,
velmi efektivné (Willey et Martin 1997). Rostliny obsahuji oby¢ejné Cs v rozmezi 0,1-1 mg.kg™. Plodnice nékterych
druht kloboukatych hub hromadi Cs, véetné '¥’Cs ve vét$im mnozstvi.

Technické vyuzivini Cs je relativné vzdcné, uplatiiuje se napf. v optoelektronice, jako katalyzdtor nebo
k pfesnému méfeni Casu. Izotopy Cs slouz{ k niceni nddord nebo jako marker ke sledovdni kolobéhu ldtek
v ekosystémech.

Ptirozené Cs je relativné mélo toxické, intoxikace jsou zndmé pfevdzné jen z pokusnych podminek. U citlivych
osob kontakt s Cs muze vyvolat podrizdéni pokozky a sliznic. Radioaktivni **Cs a ¥’Cs zvyduji riziko vzniku
rakoviny. Biologickd doba piebyvani '¥’Cs v mechu v Turecku byla stanovena na 11 mésicti (Topcuoglu et al. 1995).
Vysoké koncentrace Cs v ptidé mohou vyvoldvat u rostlin nedostatek drasliku a zmény listovych strukeur (Si et al.
2007). Cs adsorbované na pektiny v mechovych rostlinkich mize byt snadno desorbovdno smésnym roztokem
$tavelanu amonného a kyseliny fosfore¢né (Nedo¢ et Dragovi¢ 2006).
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V CR byl zjistén obsah celkového Cs v mechu v rozmezi 0,075-4,73 pg.g!, medidn dosahoval 0,476 pg.g'.
Zakladn{ statistika analytickych vysledki celkového souboru vzorkti mechu z CR a z tizemi jednotlivych krajt je
uvedena v Tabulkdch 5-18. Medidny obsahu Cs v mechu byly vy$${ v kraji LI a KV o 115 a 51 % neZ celostdtn{
medidn a 0 47 a 44 % niz3{ v kraji BN a PL proti celostdtn{ hodnoté medidnu (Obr. 8).

Distribuci Cs v mechu na tzemi CR ukazuje vlozen4 barevnd bodov4 a izoliniovd mapa. Jsou patrnd ndsledujici
mista v CR s vysokym nebo zvy$enym obsahem Cs:

Jachymovsko a zdpadni Sokolovsko v zépadnich Cechch.

Pithrani¢n{ ¢4st Sumavy zvld$eé u Zelezné Rudy.

Vychodni okraj Jizerskych hor a zdpadnich Krkonos.

Ptihrani¢ni oblast stfednich a severnich ¢dsti Kru$nych hor, zvl4$té u Vejprt.

bl e

Lokélni zvy$ené hromadéni Cs v mechu bylo zji§téno u Strdze pod Ralskem v severnich Cechdch, u Nové Bysttice
v jihovychodnich Cechich a u Jevan ve stfednich Cechach. Slabé zvy$ené obsahy Cs v mechu byly zjistény ojedinéle
v Orlickych horéch, Jesenikdch a na Ceskomoravské vrchoviné.

Nejmensi obsahy Cs vykazovaly vzorky mechu na jizni a stfedni Moravé, v jihozdpadnich Cechéch, na tzemi Ceské

kiidové tabule a v Ceském stfedohoti. Na zhruba 80 % tzemi CR obsah Cs v mechu neptekrocil 0,6 pg.g™.

Vzhledem k malému pramyslovému vyuzivdni Cs, ptvod Cs v mechu je litogenni. Protoze mech nepfijimd
vyznamny podil prvkd pfimo z pidnich pokryvi, zvyseny obsah Cs v mechu v hot spotech je zptisoben bud mistn{
prasnou kontaminaci mechu, v lesich pak kontaktem mechu s kousky opadu a humusu s vysokym obsahem Cs
akumulovanym v opadu stromt rostoucich v mistech geogenni anomilie distribuce Cs (vyskyt hrubozrnnych
granitoid).

1. Vétuem erodované ptdy a humus voblasti vyskytu Zul bohatych na Cs, voblasti byvalé twzby
polymetalickych rud a uranu (Jéchymov), vyvért termdlnich vod (Karlovy Vary) a spalovdni sokolovského
uhli (Sokolovsko).

2. Eroze ptdnich ¢istic a humusu v mistech vyskytu na Cs bohatych granita.

3. DPredev$im eroze pidnich édstic a humusu v mistech vyskytu na Cs bohatych granitt, prasnost spojend
s tézbou a spalovanim uhli v elektrdrné Turéw, Bogatynia a ptdni a pramyslovd prasnost v okoli skldren
Desna.

4. Zvétrdvéni a eroze Cs bohatych Zul a roznos humusu obohaceného Cs z opadu stromit rostoucich na Cs

bohatych ptiddch.

Zvy$ené hromadéni Cs u Stréze pod Ralskem souvisi se zvy$enou pra$nosti v aredlu byvalé téZby uranu, na
ostatnich pfevdzné zalesnénych plochdch je zvySeny obsah Cs vysvétlitelny zvy$enym obsahem Cs v padé na
nékterych typech granitd, ze kterych je Cs pfijimdno stromy a ukldddno v listech a s opadem a podkorunovymi
srézkami vstupuje do humusu, jehoZ &istice jsou vétrem rozndseny do okoli.

Z4dnd podstatnd zména obsahu Cs v mechu v jiznim Svédsku béhem let 19752000 (Riihling and Tyler 2004)
ukazuje, Ze primysl neni zdrojem Cs, protoze po snizeni jeho produkce v uvedeném obdobi obsahy toxickych kovi
a vétdiny dalsich prvka v mechu jizniho Svédska vyznamné klesaly. Medidn obsahu Cs v Norsku byl 0,18 pg.g” (Berg
et Steinnes 1997a), v polskych pramyslovych oblastech 0,41-0,79 pg.g' (Grodziniska et al. 2003). V okoli Pafize
primérny obsah Cs v mechu byl 0,44 pg.g”' (Amblard-Gross et al. 2004). Dals{ tidaje poskytuje Kapitola 2.3.5.

2.3.1.7 GALIUM

Zikladni fyzikdlné-chemické vlastnosti galia (Ga) uddvd Gvodni tabulka. Ga je chalkofilni prvek stfedné hojny
v zemské kife. Vyvfelé horniny obsahuji Ga v mnozstvi 1,5-30 mg.kg”, karbondty jen 0,12 mg.kg" (Benes 1994).
V ptdich je zastoupeno nejéastéji v rozmezi 0,1-10 mg.kg'. Koncentrace Ga v evropskych povrchovych voddch
dosahuje hodnot kolem 0,15 pg.I'" (De Vos et Tarvainen 2006).

Pro zddnou skupinu organismi na Zemi neni Ga esencidlnim prvkem, ale ristové stimula¢ni G¢inky Ga byly
potvrzeny. Obsahy Ga v rostlindch jsou zji$tovdny nejcastéji v rozmezi 0,01-0,23 mg.kg . Kloboukaté houby nemaji
tendenci akumulovat Ga v plodnicich.
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Ga se pouzivd pro tvorbu specidlnich slitin. Ga a jeho slouceniny se vyuZivaji v optoelektronice,
elektrotechnologiich, skléfstvi a v experimentélni fyzice a k adsorpci neutronti. Izotopy Ga v lékafstvi slouz{ k nicen{
zhoubnych nddori.

Ga je velmi mdlo toxicky pro rostliny i Zivocichy, pfirozené intoxikace u lid{ nebyly pozorovény.

Rozpéti aktudlniho obsahu Ga v mechu na tzem{ CR bylo 0,070,682 pg.g", medidn dosahoval hodnoty 0,198
pg.g'. Bliz{ ddaje o zdkladnich statistickych parametrech analytickych vysledkt pro mech z celé CR a z jednotlivych
krajii poskytuji Tabulky 5-18. Nejvétsi hodnoty medidnti byly zjistény u vzorkd z kraja BN a OV, nejmensi z PL
a KV. Obr. 9 ukazuje relativn{ odchylky primérnych hodnot obsahu Ga z jednotlivych krajii od celostdtniho
praméru. Distribuci Ga v mechu na tzemi CR zachycuje vloZend barevni bodové a izoliniov4 mapa. Patrni jsou
ndsledujici mista s vysokou a zvy$enou akumulaci Ga v mechu:

1. Zvysené obsahy Ga na jizni Moravé mezi Uherskym Hradi$tém a Mikulovem.
2. Severo¢esky hnédouhelny revir na Mostecku a pfilehlych ¢dstech Krusnych hor.

Mistni zvyien{ obsahu Ga v mechu bylo zji$téno v pithraniéni oblasti Frydlantska v severnich Cechdch, u Mélnika
a Kladna v zdpadnf &sti stiednich Cech, na vychodnim okraji Krnova a v okoli Vitkova a Frydku Mistku na severni
Moravé.

Malé obsahy Ga vykazoval mech v jihozdpadnich a jiznich Cechdch, severnich Cechéch, v Orlickych horich
a Jesenikich a misty na Ceskomoravské vrchoviné.

Bioindikované zvysené spady Ga lze vysvétlit ve vyse uvedenych hot spotech nasledovné:

1. Véund eroze a roznos ¢astic plidnich pokryvi na sedimentech karpatského flyse.
2. Dobyvéni a spalovani hnédého uhli na Mostecku.

Zvysené obsahy Ga v mechu na Frydlantsku zplsobuje téZba a spalovdni uhli v blizké elektrdrné Turéw,
Bogatynia, Polsko. Na vychodnim okraji Krnova je Ga v mechu hromadéno vlivem zvySené pudni a méstské
prasnosti v blizkosti nezalesnéné monitorovaci plochy. Okoli Frydku Mistku je ovlivnéno zvy$enou putdni
a pramyslovou prasnosti doprovazejici hutni a strojirenskou vyrobu, v okoli Vitkova jde o vliv zvysené eroze piidnich

pokryvii.

Obsahy Ga v mechu na tizemi jizntho Svédska dramaticky poklesly z 0,30 na 0,09 pg.g' mezi roky 1975 a 2000
(Riihling et Tyler 2004). Medidn obsahu Ga v mechu v Norsku dosahoval hodnoty 0,82 pg.g” (Berg et Steinnes
1997a), v okoli Patize 1,14 pg.g"' (Amblard-Gross et al. 2004). Dalsi srovndn{ poskytuje Kapitola 2.3.5.

2.3.1.8 INDIUM

Indium (In) je v piirodé¢ slozeno ze dvou stabilnich izotoptt '°In a'"’In, ale kolem 35 radioaktivnich izotopt In
bylo ptipraveno uméle. In jako typicky chalkofilni prvek doprovazi hlavné minerdly Pb a Zn. Horniny v CR obsahuji
In v mnozstvi 0,01-0,24 mg.kg” (Benes 1994). Typicky obsah In v pidé je 0,02-0,07 mg.kg"', medidn se blizi 0,05
mg.kg'. Vy$ii obsahy In byly zjiStény v pidach z Krusnych hor (De Vos et Tarvainen 2006).

Pro Z4dnou skupinu organizmt na Zemi neni uddvdno In jako esencidlni prvek. Obsahy In v rostlinich se
pohybuji v rozmezi 0,0005-0,002 mg.kg”. Plodnice kloboukatych hub vétSinou nemaji snahu akumulovat In ve
veétsim mnoZstvi.

In se pouzivd pro vyrobu specidlnich slitin, v optoelektronice a elektrotechnice a skldiském pramyslu.
Radioizotop '"'In se uzivd k ni¢eni zhoubnych nddorti, napf. prostaty.

Pro obratlovce je In velmi toxické, intoxikace lidi vSak v pfirozenych podminkdch nebyla zaznamendna vzhledem
k malym obsahtm In ve slozkdch Zivotniho prostfedi. Biologické u¢inky In jsou dosud nedostate¢né zndmy.

Zjisténé rozpéti obsahu In v mechu na tzemi CR bylo 0,001-0,005 pg.g”, pramérny obsah byl 0,002 pg.g'.
Z4kladn statistické charakteristiky analytickych vysledki z celé CR a jednotlivych kraji poskytuji Tabulky 5-18. Na
Obr. 10 jsou uvedeny odchylky pramérnych obsahtl In v mechu v jednotlivych krajich od celostdtniho priiméru a
medidnu. VloZend barevnd bodovd a izoliniovd mapa ukazuje distribuci In v mechu na tzemi CR. V mapé jsou
patrné nésledujici oblasti CR, kde mechy hromadi vétsi obsahy In.

132



Acta Pruhoniciana 87, 2007

Okoli Frydku Mistku na severni Moravé.

V okoli Rokycan a Ptibrami.

V tizem{ mezi Uherskym Hradi$tém a Mikulovem na jizn{ Moravé.

Lokdlné v hnédouhelné oblasti na Mostecku (Kadan, Chomutov) a pfilehlych Krusnych hordch.

bl N e

Mirné zvy$ené obsahy In v mechu byly zaznamendny na Frydlantsku a v $ir$im okoli Litomysle. Naopak nejmensi
obsahy In v mechu byly zjitény na zbylém Gzemf stitu v severnich, stfednich a jiznich Cechéch, Ceskomoravské
vrchoviné, Jesenikdch a Bilych Karpatech.

Pfi¢iny zvy$ené akumulace In v mechu ve vySe uvedenych oblastech CR lze hledat v ¢innosti hutnich
a strojirenskych provozu, hlavné neZelezné metalurgie, primyslovém spalovani{ uhli a lokdlnich geogennich vlivech.

1. Cinnost metalurgickych a strojirenskych provozi, pokovovani, produkce olovénych baterif.

2. Cinnost zelezdren (Hrédek, dnes jiz zrudeny) a Kovohuti a.s. P¥ibram na recyklaci olova a odpadii s ptimés
drahych kovii a vyrobu specidlnich slitin.

3. Véund eroze a roznos &astic pidnich pokryvii vzniklych na sedimentech karpatského flyse.

4. Té&ba a primyslové spalovdni hnédého uhli a provoz strojirenskych provozt (Chomutov, Kadar).

V piihraniéi severnich Cech mezi Sluknovem a Frydlantem dozniv4 vliv téZby uhli a jeho spalovdni v tepelné
elektrdrné Turéw, Bogatynia, v severovychodnich Cechdch lze odekdvat vliv emisi z tepelné elekerdrny Chvaletice
a stdvajicich mistnich strojirenskych provozoven.

Pokles produkce metalurgického primyslu v Evropé béhem poslednich 25 let se projevil snizenim obsahu In
v mechu v jiznim Svédsku z 0,0110 na 0,0013 pg.g' (Riihling et Tyler 2004). Naopak Slovenska republika udévd
piekvapivé vysoké primérné hodnoty obsahu In v mechu kolem 0,11-0,16 pg.g” (Maiikovskd et al. 2003, Florek et
al. 2007). Pramérné obsahy In v mechu na dzemi CR jsou asi 2x vys$$i nez ve Svédsku a asi 80x nizé{ nez na
Slovensku. Dali{ srovndn{ poddvéd Kapitola 2.3.5.

2.3.1.9 LANTAN

Lantan (La) spolu s ostatnimi 14 prvky s podobnym vyskytem, lantanoidy, je relativné vzdeny, typicky litofilni
prvek. Obsah La v hornindch (0,12-90 mg.kg") roste od karbondtovych pres bazické, vyvielé k usazenym (Benes
1994). Pady v Evropé obsahuji La v mnozstvi kolem 25 mgkg”, lesni humus pfes 3 mg.kg' a koncentrace La
v povrchovych voddch byvd kolem 0,2 pg.I" (De Vos et Tarvainen 20006).

Nebylo zjisténo, ze by La byl esencidlnim prvkem pro néjakou skupinu organismt na Zemi. Typicky obsah La
v rostlindch se uddvd mezi 0,15-0,25 mg.kg", ale nékteré rostliny, napf. kapradorosty, mohou akumulovat velkd
mnozstvi La. Plodnice kloboukatych hub nemaji tendenci hromadit La a dalsi lantanoidy ve velkém mnoZstvi.

La se vyuzivé pro vyrobu specidlniho skla, elektrod pro svéfeni elektrickym obloukem, specidlnich slitin napt. pro
zapalovaci kaminky do zapalovaci a optoelektroniku.

La je povazovdn za mirné jedovaty. Pro vyvoldni intoxikace u krys je potfeba denni ddvka La asi 720 mg. Vysoké
koncentrace La v roztoku inhibuji napf. rist kofent a produkci rostlin.

Aktudlni obsahy La v mechu na tizemi CR se pohybovaly v rozmezi 0,11-2,34 pg.g!, medidn dosahoval hodnoty
0,338 pg.g'. Dalsi zdkladni statistické daje o obsahu La v mechu na tzemi CR a jednotlivych kraji poskytuji
Tabulky 5-18. Na Obr. 11 je zndzornén rozdil priamérnych obsaht La v mechu zjednotlivych kraju proti
celostdtnimu priméru. Nejvyssi primérné obsahy La v mechu byly zjistény v kraji ZL a BN, nejmensi v krajich KV
a PL Distribuci obsahu La v mechu na tzemi CR zobrazuje vloZend barevni bodovi a izoliniovd mapa. Patrnd je
v nich nésledujici oblast zvy$eného obsahu La v mechu:

1. Uzemi mezi Kroméfizi a Mikulovem na jizni Moravé.
Mistné mirné zvySeny obsah La v mechu byl zji$tén také mezi Teplicemi a Kadani v zépadnich Cechdch, na
vychodnim okraji Krnova a mezi Litoméficemi a Mélnikem.

Velké oblasti CR s malym obsahem La byly zjistény v jihozdpadnich a jiznich Cechdch, severovychodnich
Cechich, Jesenikich a Moravskoslezskych Beskydech a ve stfednich ¢dstech Ceskomoravské vrchoviny.
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Pramyslové emisni zdroje La a ostatnich lantanoidt nejsou v CR evidovany a pravdépodobné se lantanoidy v CR
pramyslové ve vyznamnéj$i mife nevyuzivaji. Piivod La v mechu je proto vyhradné geogenni a jeho obsah zdvisi na
mife ,pfirozené“ kontaminace mechu pidnimi a humusovymi ¢4sticemi.

1. Vétrnd eroze a Sifeni pidnich &istic z padnich pokryvii sedimentd karpatského flyge.

Podobné zvy$eny obsah La v mechu v zdpadnich Cechdch je zptisoben zvyienou prasnosti z divodu t&iby
a spalovani hnédého uhli v elektrirnich, na vychodnim pfedmésti Krnova zvySenou prasnosti z pozemnich
stavebnich praci a zvydenym spadem méstského a priimyslového prachu z Krnova. Uzem{ mezi Litoméficemi
a Mélnikem je ovlivnéno depozicemi erodovanych ptdnich ¢istic z poli a Fi¢nich sedimentii a primyslovou prasnosti
spojenou s provozovanim tepelné elektrdrny. Pihrani¢n{ oblast na Frydlantsku je pod vlivem zvySeného spadu padni
a primyslové pra$nosti spojené s téZbou hnédého uhli a jeho spalovdnim v tepelné elektrdrné Turéw, Bogatynia.

Prukazny pokles obsahu La v mechu z 0,51 pg.g” na 0,19 pg.g’ béhem poslednich 25 let zaznamenali v jiznim
Svédsku (Riihling et Tyler 2004) snad v dasledku sniZeni trovné spadit priimyslového a piidniho prachu. Ve Finsku
zjistili (Niemeld et al. 2007) priikazny vliv ndrtstu hustoty dopravy na zvyseni obsahu La v mechu. V oblasti s malou
hustotou dopravy mech obsahoval La maximdlné v mnoZstvi 3,81 pg.g”, v oblasti s vysokou hustotou dopravy 13,60
pg.g'. V oblasti Barentsova mofe byly zjiStény velmi nizké obsahy La v mechu Pleurozium schreberi, kolem 0,07 pg.g’
(Halleraker et al. 1998). Medidn obsahu La v mechu se uddvéd pro Norsko 0,41 pg.g' (Berg et Steinnes 1997a), pro
Slovensko 1,54 pg.g” (Marikovskd et al. 2003, Florek et al. 2007), pro Gzem jizné u Pafize 1,10 pg.g' (Amblard-
Gross et al. 2004). V polskych pramyslovych regionech byl zji$tén pramérny obsah La v mechu 0,5-2,1 pg.g’
(Grodziniska et al. 2003). Pro Rumunsko jsou uddvdny obsahy La v mechu v rozmezi 0,095-21 pg.g”"' (Lucaciu et al.
2004). Dalsi srovndni poskytuje Kapitola 2.3.5.

2.3.1.10 LITITUM

Zékladni fyzikdlné-chemické vlastnosti litia (Li), nejlehétho kovu na Zemi, poskytuje dvodni tabulka. Li patii
mezi litofilni prvky. Nejniz$i obsah Li maji u nds horniny karbondtové (kolem 5 mgkg'), nejvyssi ostatni
sedimentované horniny 15-66 mg.kg"' (Bene$ 1994). Typicky obsah Li v piidé je uddvdn kolem 25 mg.kg"' Bowen
(1979). Povrchové vody obsahuji Li v koncentracich kolem 3 mg.l", ovSem v Kru$nych horéch a na jizni Moravé
i pfes 25 mg.I" (Majer et Vesely 1996).

Neni pfesné zndmo, zda Li je esencidlnim prvkem pro nékteré skupiny organismt na Zemi, ale urité je
biologicky aktivnim prvkem. Rostliny obsahuji kolem 0,01-0,18 mg Li na kg susiny. Listy hlavnich lesnich dfevin na
Slovensku obsahovaly Li v pramérmém mnoZstvi kolem 0,18 mgkg' (Mankovskd 1996). Ve Francii mech
Scleropodium purum hromadi ve star$i bazdlni ¢4sti lodyZek dvojndsobné mnozstvi Li nez v mladsi vrcholové ¢dsti
— pomér 0,24 : 0,10 pg.g” (Leblond et al. 2004). Plodnice kloboukatych druhii hub nemaji tendenci hromadit Li ve
velkém mnozstvi.

Li se vyuzivé pti vyrobé specidlnich slitin, skla, baterii, zdbavné pyrotechniky, lé¢iv (antidepresiv) ap.

Toxicita Li je relativné nizkd, intoxikace rostlin vyvoldvaji koncentrace Li v piidnim roztoku kolem 30 mg.l”,
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intoxikaci u dospélého ¢lovéka denni pijem 200 mg Li.

Obsah Li v mechu na tzem{ CR dosahoval 0,111-1,89 pg.g”, medidn 0,301 pg.g'. Zakladni statistické ddaje
o obsahu Li v mechu pro celou CR a jednotlivé kraje udavaji Tabulky 5-18. Na Obr. 12 je uveden rozdil hodnot
medidnii obsahu Li v mechu pro jednotlivé kraje od celostdtni hodnoty medidnu. O 66 a 40 % vyssi medidny obsahu
Li v mechu proti celostdtnimu medidnu byly zji$tény v kraji BN a ZL, a 0 35 % niZ$i nez celostdtni medidn v kraji PL
a LL Distribuci mnozstvi Li v mechu na tzem{ CR zachycuje vlozen4 barevnd bodovi a izoliniovd mapa. Patrné jsou
ndsledujici oblasti CR s vysokym nebo zvy$enym obsahem Li v mechu:

1. Zemédélskd oblast mezi Uherskym Hradistém a Mikulovem na jizni Moravé.
2. Primyslova oblast severoceského hnédouhelného reviru s ohniskem nejvy$stho hromadéni Li v mechu na
Chomutovsku.

Mirné zvys$eni Li v mechu bylo zji$téno mezi Mélnikem a Berounem a na vychodnim okraji Krnova.

Velmi mald akumulace Li v mechu byla zji§téna v jihozdpadni ¢isti Cech, vsevernich aZ severovychodnich
Cechich a Jesenikéch. Na asi 90 % tizemi CR obsah Li v mechu neptekro¢il hodnotu 0,5 pg.g .
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Pramyslové emise Li jsou u nds pravdépodobné velmi malé. Pticiny zvyseného hromadéni Li mechem ve vyse
uvedenych oblastech CR jsou ndsledujici:

1. Vétrnd eroze a roznos &astic ptidnich pokryvii na sedimentech karpatského flyse.
2. Zvysend pidni a pramyslovd prasnost v oblasti dobyvén{ a primyslového spalovdni hnédého uhli.

Zvysené hromadéni Li v mechu v zdpadni &sti stiednich Cech souvisi se zvysenou piidni a pramyslovou pragnosti
v disledku véerné eroze pidnich pokryvi, stavbou a provozem pozemnich komunikaci, dobyvdnim surovin
a vyrobou pdleného vdpna a cementu a provozovdnim tepelnych elektriren. Oteviend monitorovaci plocha u Krnova
je vystavena zvySenému spadu plidniho, méstského a primyslového spadu. Zvyseny podil Li v primyslovém prachu
z vyroby elektrotechnickych soudstek v Krnové je mozny.

Z jizniho Svédska je popsin trojnasobny pokles priimérného obsahu Li v mechu (z 0,34 na 0,11 pg.g"') v obdobi
1975-2000 (Riihling et Tyler 2004). Medidn obsahu Li v mechu v Norsku dosahuje hodnoty 0,18 pg.g” (Berg et
Steinnes 1997a), coz je zhruba polovi¢ni hodnota medidnu pro CR. Srovnini s dal§imi zemémi Evropy poddvd
Kapitola 2.3.5.

2.3.1.11 MANGAN

Zékladni fyzikdlné chemické vlastnosti manganu (Mn) shrnuje tvodni tabulka. Mn je litofiln{ prvek, relativné
hojné zastoupeny v zemské kife a tvofeny jedinym stabilnim izotopem **Mn. Vyvielé horniny obsahuji Mn malé
mnozstvi, kolem 2 mg.kg"!, naopak vysoky obsah Mn, v priméru 650 mg.kg", maji usazené horniny, uhli¢itanové
dokonce 1 100 mg.kg' (Bene§ 1994). Primérny obsah Mn v naSem uhli se uddvd 83 mg.kg"' a v uhelném popelu
2 280 mg.kg" (Trebichavsky et al. 1997). Obsahy Mn v piidéch CR dosahuji 802 220 mg.kg". Spad Mn z mokré
atmosférické depozice a podkorunovych srizek je G¢inné adsorbovdn lesnim nadloznim humusem (Michopoulos et
Cresser 2002).

Mn patfi mezi esencidlni prvky pro viechny skupiny organismii na Zemi. Je souédsti nékterych enzymu, a je
nutny pro sprdvny vyvoj lamindrni struktury thylakoidd, metabolismus mukopolysacharidf, snizuje hladinu
cholesterolu v krvi, brdni vzniku osteporoze, podporuje zddrny vyvoj plodu. Typicky pramérny obsah Mn
v rostlindch se pohybuje kolem 30 pg.g™, se stdfim listll obsah Mn klesd a z poskozenych pletiv listdl (napt. nekrdzy)
je Mn snadno vymyvin destém. Nékteré druhy rostlin, tzv. hyperakumuldtofi Mn, mohou hromadit Mn ve svych
orgdnech v koncentracich pres 1%. Mlad$i apikdlni ¢dsti mechu druht Seleropodium purum a Pleurozium schreberi
obsahuji vice Mn nezZ starsi bazdlni ¢4sti (Leblond et al. 2004, Salemaa et al. 2004), coz je opa¢né nez u distribuce
vétdiny ostatnich prvkd v mechu. Obsah Mn ve vodnim mechu Hygrohypnum ochraceum koreloval s koncentraci Mn
ve vodé¢ (Samecka-Cymerman et Kempers 2000).

Mn a jeho sloudeniny se vyuzivaji pro vyrobu specidlnich slitin, nerezavéjicich oceli, baterii, katalyzdtorti, vyrobu
skel, pigmentt, dezinfekénich ¢inidel ap.

Pati{ mezi mirné az stfedné toxické, teratogennf a karcinogenni prvky. Mn®* je zhruba 3x toxi¢téjsi nez Mn?* a 6x
toxi¢téj$ nez Mn*. Koncentrace Mn v pidnim roztoku 0,5-2,0 mg.l" poskozuji rostliny. Epifytické lisejniky jsou
citlivé na koncentraci toxického Mn v kife stroma a ve stékajici vodé po kmeni (Hauck et Paul 2005). V alkalickém
prostied{ je Mn rostlindm téZko dostupny a nedostatek Mn se projevuje Zlutymi listy se zelenou Zilnatinou

Zjistény obsah Mn v mechu v CR se pohyboval ve velkém rozpéti 34,9—1 850 pg.g''s hodnotou mediinu 470
pg.g-'. Statistické tidaje o obsahu Mn v mechu z celého tizemi CR a jednotlivych kraji udévaji Tabulky 5-18. Obr.
13 ukazuje odchylky priameérnych hodnot obsahu Mn v mechu z jednotlivych kraji proti celostitnimu praméru. Asi
0 45 % vy$$i medidny obsahu Mn v mechu byly zji§tény pro kraj CB a BN, 0 32 a 17 % mensi nez mediin CR pro
LI a OV. Distribuci obsahu Mn v mechu na tizemi CR zobrazuje vloZend barevni bodov4 a izoliniovd mapa. Patrné
jsou ndsledujici oblasti se zvy$enym obsahem Mn v mechu:

1. Mistné zdpadné od Bohdance u Pardubic.
2. Krusnohorskd oblast mezi Vejprty a Teplicemi v zdpadnich Cechach.

Slabé zvyseny obsah Mn vykazoval mech na Rakovnicku, u Stiibra v jihozdpadnich Cechdch, u Rozmberka nad
Vltavou v jiznich Cechéch a u Boskovic na sttedni Morave.
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Nizké obsahy Mn v mechu byly zjistény v &sti severnich, severovychodnich a jihozdpadnich Cech, na severni,
jihozdpadn{ a jihovychodni Moravé. Na asi 80 % tizem{ CR obsah Mn v mechu nepfekroéil hodnotu 550 pg.g™.

1. Divody vysokého hromadéni Mn v mechu u Bohdande nejsou zcela ziejmé. Vliv bézného zvyseni obsahu
Mn v podkorunovych srizkich neni pravdépodobny, protoze analyzované vzorky mechu nebyly ovlivnény
podkorunovymi srézkami. Pravdépodobny je vliv mistni geochemické anomdlie obsahu Mn v ptidé nebo ve
vodé mistniho prameni$té na monitorovaci plose, kterd viak nebyla ovéfovana. Céstice nadlozntho humusu
s adsorbovanym Mn mohou byt rozifovdny po lese vétrnou erozi. Napf. asi v 15 km vzdédlenych
Chvaleticich je zndm vychoz zrudnéni s vysokym obsahem Mn.

2. Cinnost metalurgickych a strojirenskych provozi a vliv provozu tepelnych elektréren (napt. pragnost tilozist
elektrdrenskych popilkt).

Zvysend akumulace Mn v mechu v jihozdpadni &sti stiednich Cech souvisi s vyrobou keramickych vyrobkt
(Rakovnik), hutni a strojirenskou vyrobou (Kladno) a téZbou a zpracovdnim surovin (vdpence, jily) na Berounsku.
U Stiibra a Boskovic se nejspise jednd o vliv vétrné eroze lesniho humusu bohatého na Mn v mistech vysokého
obsahu Mn v ptdé.

Na rozdil od obsahu vétiny ostatnich prvkd v mechu, primérné mnozstvi Mn akumulovaného v mechu (290
pg.g') se béhem poslednich 25 let v jiznim Svédsku nezménilo (Rithling et Tyler 2004). Pramérny obsah Mn
v mechu u Barentsova mofe byl zji$tén 380 pg.g-' (Halleraker et al. 1998), v Norsku 310 pg.g' (Berg et Steinnes
1997a), na Slovensku 444 pg.g' (Martikovskd et al. 2003, Florek et al. 2007). Primérny obsah Mn v mechu na tzem{
CR je 1,5x vy$ii nez ve Skandindvii a srovnatelny s poméry na Slovensku. Dalsi idaje poskytuje také Kapitola 2.3.5.

2.3.1.12 DUSIK

Dusik (N) je typicky atmofiln{ prvek tvofici 80 % objemu zemské atmosféry. Je tvofeny dvéma izotopy: N
(99.6 %) a ®N (0.4 %). V atmosférickém spadu jsou rozhodujici formy dustku N-NO,, N-NHy4 a N-organicky.
Vyvielé a usazené horniny obsahuji obycejné N v amonné formé v mnozstvi 10-100 mg.kg™ a 200-400 mg.kg™.
Ptirozeny obsah N v uhlf a zemnim plynu byv4 mezi 0,5-5 %. Obsah N v pidé zdvisi na obsahu humusu, ktery je
tvofen z 5% N (Leeters et de Vries 2001).

N je biogenni prvek pro vSechny skupiny organizmt na Zemi. N je souddsti bilkovin, nukleovych kyselin,
enzymt, hormont, alkaloiddl atp. Vyjma cyanobakterii a hlizkovitych bakterii na kofenech bobovitych rostlin
nemohou ostatni organizmy poutat a vyuzivat atmosféricky N. Rostliny obsahuji oby¢ejné 1-5 % N.

N se vyuzivd jako inertni atmosféra do zdrovek, k ochrané uhlikovych elektrod prfed oxidaci, kapalny N jako
chladici médium. Slouéeniny N slouz{ jako hnojiva, narkotika, vybusniny ap. Hlavnimi emisnimi zdroji slou¢enin N
jsou spalovaci procesy (NO,) velkochovy hospoddiskych zvifat (NHj), pfirozeny kolobéh organickych ldtek
a mikrobidlni pudni procesy.

Elementdrni N neni biologicky aktivni, pro Zivocichy je dusivy, za vySsiho tlaku piisobi narkoticky a toxicky.
Mnohé slou¢eniny N jsou toxické (kyanidy) nebo kancerogenni (dusitany, nékteré organické slouceniny). Oxidovand
(N-NO;3) i redukovand (N-NHy) forma N v atmosférickém spadu je biologicky aktivni. Vyssi dostupnost N vede
u rostlin nejdfive ke zvySeni produkee, pti vyssi koncentraci dostupného N v prostfedi miize dochdzet k poruchdm
metabolizmu dusikatych sloucenin (pf. aminokyselin) az k uhynuti rostlin (Aber et al. 1998). Ndrtst trovné spadu
atmosférického N vyvoldv eutrofizaci prostfedi (zmény slozeni ekosystémd, sniZeni biodiverzity, sniZeni kvality vod.
Kritické drovné atmosférického spadu N vedouci ke zméné citlivych ekosystému oligotrofnich stanovist (vrchovistni
radelinisté, viesovisté, pisky) se odhaduji na 4 kg ha™.rok, pro boredln{ jehli¢naté lesy na 14-18 kg ha.rok™, pfitom
aktudln{ spady celkového atmosférického N ve stfedni Evropé dosahuji 15-45 kg ha™'.rok™”, v Evropé zdpadni 60-110
kg ha''.rok™.

Ukazuje se, Ze obsah celkového N v nékterych druzich mechu tésné koreluje s atmosférickym spadem celkového
N, takze tyto druhy mechd mohou sloZit k bioindikaci trovn{ atmosférickych spadit N (Mohr. 1999, Solga et al.
2005, Pitcairn et al. 2006, Salemaa et al. 2008). Historicky ndrtst atmosférické depozice N v zdpadni ¢dsti Némecka
byl rekonstruovdn analyzami herbdfovych polozek mechu Pleurozium schreberi a Scleropodium purum Solga et al.
(2006).

Protoze v poslednich letech sili poZadavek na sledovdni obsahu N v mechu, bylo do &eského ndrodniho
monitorovactho programu od roku 2000 zafazeno i sledovani celkového dustku v mechu.
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Aktudlni obsah celkového N v mechu na tzemi CR byl zji$tén v rozmezi 0,49-2,69 %, primérny obsah byl
kolem 1,1 %. Zakladn{ statistické ddaje k vysledkiim analyz z celé CR a jednotlivych kraji poskytuji Tabulky 5-18.
Na Obr. 14 jsou uvedeny rozdily priimérnych obsahtt N v mechu z jednotlivych krajii od celostdtniho praméru.
Ptiblizné o 20 % vysi hodnoty medidnt obsahu N v mechu proti medidnu CR vykazovaly kraje PU a HK a 0 20 %
niz${ medidny kraje CB a KV. Vlozend barevnd bodov4 a izoliniovd mapa zobrazuji distribuci celkového N v mechu
na tizemi CR. Patrné jsou nésledujici oblasti CR, kde je patrny zvyeny obsah N v mechu:

Niziny jizni Moravy mezi Vyskovem, Mikulovem a Hodoninem.

Sirsi okoli Pardubic v severovychodnich Cechéch.

Polabskd nizina mezi Nymburkem a Hradcem Krélové ve stfednich aZ severovychodnich Cechdch.
Severozipadni Cechy mezi Chomutovem a Kladnem.

RN

V oblasti Kralického Snézniku a zdpadni ¢4sti Jesenikil na severozdpadni Moravé.

Slabé zvyseny obsah celkového N v mechu byl zjistén v severni ésti Cech a u Hordovského Tyna v jihozédpadnich
Cechich.

Naopak nejmensi obsahy N pod 1 % byly zjistény v oblasti jiznich a jihozédpadnich Cech.

Pfi¢iny zvysené akumulace N v mechu jsou nésledujici:

1. Intenzivni zemédélskd vyroba, produkce a aplikace statkovych a minerdlnich N hnojiv. Intenzivni vétrnd
eroze a roznos Castic N bohaté ornice.

2. Intenzivni zemédélskd ¢innost v kombinaci s provozem chemického pramyslu, pramyslového spalovdni
paliv véetné provozu tepelné elektrdrny a koncentrace pozemni dopravy.

3. Intenzivni zemédélskd ¢innost, dusikem bohaté sedimenty, rychly kolobéh N v dasledku vétsi vlhkosti
pudnich pokryvi v labské nivé.

4. Pramyslové spalovani uhli v tepelnych elektrdrndch a pramyslovych topenistich (Mostecko. Chomutovsko,
Kladensko), provoz chemického primyslu (vyroba hnojiv), intenzivni zemédélskd cdinnost (Poohf)
a zrychleny kolobéh N v fi¢n{ nivé.

5. Diuvod vy$si akumulace N v horskych oblastech severozdpadni Moravy neni zndm. Snad muzZe jit o vliv
dilkového transportu reaktivntho N z vychodoceské oblasti, popt. z Klodzka a zvySené mokré depozice
dusiku v hordch.

V zépadni &4sti Némecka v letech 1996-1998 mech Pleurozium schreberi obsahoval 1,3-2,3 % celkového N
(Mohr 1999), v oblasti severniho Poryni-Westfdlska v letech 2001-2002 0,84-2,31 % (Solga et al. 2005). Ve
vychodnim Finsku byl obsah celkového N v mechu 0,70 % Eskelinen (2002). Ze Slovenské republiky se uddvd
pramér a medidn celkového obsahu N v mechu 2,36 a 2,26 % (Marikovska et al. 2003, Suchara et al. 2007).

2.3.1.13 PRASEODYM

Zékladni fyzikdlné-chemické charakteristiky praseodymu (Pr) jsou uvedeny v dvodni tabulce. Pr je typicky
litofilni prvek v pfirodé relativné vzdcny, slozeny zjednoho izotopu '¥'Pr. Vyskytem doprovizi ostatni prvky
vzdenych zemin. Obsah Pr v nasich hornindch se pohybuje u vyvielych v rozmezi 0,1-15 mg.kg", u usazenych 5-9
mg.kg! (Benes 1994). Evropské ptdy obsahuji typicky Pr v rozmezi 1,5-12 mg.kg" (De Vos et Tarvainen (2006).

Neni zndmo, Ze by Pr byl esencidlnim prvkem pro nékterou skupinu organizmii na Zemi. Cévnaté rostliny
obsahuji Pr v mnozstvi 0,03-0,06 pg.g”, ale nékteré druhy mohou Pr akumulovat v mnohem véich mnozstvich.
V Ciné se Pr spolu s ostatnimi prvky vzdcnych zemin pouziva jako hnojivo stimulujici vy$$i produkci hospodaiskych
plodin. Druhy kloboukatych hub nemajf snahu hromadit velké mnozZstvi Pr v plodnicich.

Pr se vyuzivd k vyrobé specidlnich slitin (kaminky do zapalovali, trvalé magnety), barvent skla, absorpci kysliku ap.

Nenf k dispozici dostatek spolehlivych tdaji o toxicité Pr a jeho slouc¢enin. Obecné se povazuje za mélo toxicky
prvek. Je zndmo, Ze plsobi podrézdéni kiize, sliznic, dychaci potize, poskozeni mozku, poskozovdni stén bunéénych
a mtze byt mutagenni.

Zjidténé obsahy Pr v mechu z Gzemi CR se pohybovaly v rozmezi 0,027 a 0,541 pg.g’', mediin dosahoval

hodnoty 0,076 pg.g'. Tabulky 5-18 podavaji zdkladni statistické charakteristiky analyz mechu zcelé CR
a jednotlivych kraji. Obr. 15 ukazuje odchylky priamérného obsahu Pr v mechu v jednotlivych krajich od
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celostdtniho priméru. Nejvétsi hodnoty medidnti byly zjistény v krajich ZL a BN, nejmensi v KV a PL. VloZend
barevnd bodovd a izoliniovd mapa ukazuje aktudlni distribuci Pr v mechu na tGzemi CR. Patrné jsou ndsledujici
oblasti CR s vysokym nebo zvy$enym obsahem Pr v mechu:

1. Rozlehlé tzemi mezi Prerovem a Mikulovem na jizn{ Moravé.
2. Hnédouhelny revir mezi Teplicemi a Kadani v zdpadnich Cechéch.
3. Vychodni okraj Krnova a severozdpadni Moravé.

Mirné zvy$ené obsahy Pr v mechu byly zjistény mezi Mélnikem a Litoméficemi, u Frydlantu v severnich
Cechich, u Ttebice, v okoli Kladna, Ceské Ttebové a Studénky na severni Moravé.

Nejmen$i mnozstvi Pr obsahoval mech z oblasti jihozdpadnich a jiznich Cech, mimo Jizerské hory v severnich
sudetskych pohotich, Jesenikdch a Beskydech. Zhruba na 85 % tzemi CR obsah Pr v mechu nepfekratoval 0,12 pg.g’'.

Pramyslové zdroje Pr nejsou zndmy, ale pfedpoklddaji se jako zanedbatelné. Pivod Pr v mechu je proto geogenni,
ale ¢innosti ¢lovéka podminény (odlesnéni, zornéni, zemnf{ préce, téZba a zpracovéni surovin ap.)
1. Véund eroze a §ifeni padnich ¢éstic ze zornénych padnich pokryvi na sedimentech karpatského flyse.
2. Zvysena prasnost vyvoland tézbou hnédého uhli a jeho spalovéni v tepelnych elektrdrndch.
3. Zvysend pudni a méstskd prasnost na vychodnim predmésti Krnova v diisledku stavebnich praci a malé
lesnatosti monitorovaci plochy. Podil Pr v primyslovém a méstském prachu z vyroby elektrosouc¢dstek nenf
zndm.

Na Mélnicku odndsi vétrnd eroze zornéné pudni pokryvy a popilek z elekerdrny Mélnik, na Frydlantsku doznivd
vliv tézby hnédého uhli a jeho spalovéni v elektrdrné v sousednim Polsku (Bogatynia), u Ttebice se pravdépodobné
jednd o vliv vétrné eroze zornénych ptidnich pokryvii na mistnich syenitech, u Ceské Tiebové o vliv zvyené prasnosti
z poli a pozemnich dopravnich koridori a u Studénky o vliv zvy$ené plidni a primyslové prasnosti zplisobené
provozem metalurgickych a strojirenskych provozt (sklddky, doprava, zemni price).

Vyznamny pokles obsahu Pr v mechu z 0,112 na 0,041 pg.g” byl zjitén v jiznim Svédsku béhem poslednich 25
let (Riihling et Tyler 2004). V Norsku medidn obsahu Pr v mechu Hylocomium splendens dosahl hodnoty 0,098 pg.g'
(Berg et Steinnes 1997a). Dalsi tidaje poskytuje Kapitola 2.3.5.

2.3.1.14 RUBIDIUM

Zékladni fyzikdlné-chemické vlastnosti rubidia (Rb), které se vlastnostmi velmi podobd cesiu a drasliku, poskytuje
tvodni tabulka. Obsah Rb v hornindch se pohybuje kolem 60-120 mg.kg”, karbondtové horniny obsahuji Rb jen
v mnozstvich kolem 3 mgkg!, pelity az 140 mg.kg" (Bene§ 1994). V nafich hornindch je nejvice Rb obsazeno
v pegmatitech a granitech (Novik et Cerny 1998). Obsah Rb v evropskych ptidich se pohybuje kolem 80 mg.kg™,
v lesnim nadloznim humusu 4,5 mg.kg™ (De Vos et Tarvainen 2000).

Rb neni povaZovdno za esencidlni prvek pro zddnou skupinu organizmd na Zemi. Malé koncentrace Rb
v pidnim roztoku v$ak stimuluji rist. V kyselém prostiedi zdvisi pfijem Rb rostlinami na obsahu drasliku v padé.
Typicky obsah Rb v rostlindch je 1-50 pg.g”’. U smrku akumulace Rb v jehlicich roste se stéfim jehlic a nebyla
zji$téna tésnéjsi korelace s obsahem Rb v jehlicich a v padé. Plodnice kloboukatych druhtt hub mohou hromadit vési
mnozstvi Rb.

Rb a jeho slouceniny se vyuZivaji v elektroprimyslu, k adsorpci plynt, barveni skla a keramiky, vyrobé
antidepresivnich 1é¢iv ap.

Toxicita Rb pro obratlovce je velmi nizkd. Pirozené intoxikace nejsou zndmé. Rubidium a litium maji opac¢né
vlivy na celou fadu biologickych procesti a etologii zivocichtL.

Aktudlni obsah Rb v mechu na tzemi CR byl zji§tén v rozmezi 3,03-110 pg.g’, pramérny obsah kolem 25,9
pg.g'. Zdakladni statistické ukazatele vysledkii analyz mechu zcelé CR a jednotlivych krajii jsou k dispozici
v Tabulkdch 5-18. Na Obr 16 je uveden relativn{ rozdil v priimérném obsahu Rb v mechu z jednotlivych kraji proti
celostdtnimu priaméru. Proti celostdtnimu medidnu obsahu Rb v mechu vykazovaly vzorky mechu z krajii KV a LI
zhruba o 80 % vysi a z kraji ZL a BN o 50 % niz{ hodnoty medidnt. Rozlozeni obsahu Rb v mechu na tzem{ CR
zobrazuje vlozend barevnd bodovi a izoliniovd mapa. Mista se zvy$enym hromadénim Rb v mechu jsou ndsledujici:
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1. Jachymovsko v Kru$nych hordch.
2. Krusné hory v okoli Teplic v severozdpadnich Cechach.
3. Jevany ve stfednich Cechdch.
4. U Nové Bystice v jihovychodnich Cechach.
Mirné zvydeny obsah Rb v mechu byl zjistén v pifhrani¢nich oblastech Sumavy, u Nového Mésta na Moravé,
v Jizerskych hordch a Krkonosich, v Orlickych hordch a Jesenikdch.
Nizky obsah Rb v mechu byl zaznamennin v &sti zdpadnich Cech a na celé Moravé s geologickym podlozim
karpatského flyse. Obsah Rb v mechu neptekracujici 30 pg.g'1 byl zjistén zhruba na 70 % rozlohy CR.

Népadny je vyskyt hot spotii v Ceském masivu na mistech vyskytu graniti, zvld$té ve vys$si nadmoiské vysce.
Pravdépodobné jde o vliv zvétrdvdni slid s vy$$im obsahem Rb a Cs a jejich vstup do kolobéhu ldtek v lokdlnim
lesnim ekosystému.

1. Véund eroze vystuptl hornin, dilnich odvalii a ptdnich pokryvit v mistech byvalé tézby hydrotermalnich
polymetalickych rud.

2. Véund a vodni eroze vystupi skal a pidnich pokryvil se zvy$enym obsahem Rb.

3. Zvétrdvani granitickych skal a eroze pudnich pokryvii v mistech zvy$eného obsahu Rb v kolobéhu ldtek
lokédlniho lesniho ekosystému.

4. Zvétravan{ granith a eroze hornin a pidnich pokryvii se zvy$enym obsahem Rb.

Zvyseny obsah Rb v mechu na vSech zbyvajicich mistech lze vysvétlit zvétrdvdnim granitd se zvy$enym obsahem
Rb, jeho vstupem do kolobéhu ldtek lesniho ekosystému a kontaminaci mechu erodovanymi pidnimi a humusovymi
Asticemi a opadem.

V jiznim Svédsku nebyl zjistén (Riihling et Tyler 2004) béhem poslednich 25 let vyznamny trend v obsahu Rb
v mechu Pleurozium schreberi (30,9-36,6 pg.g'), prestoze doslo k vyznamnému snizeni produkee tézkého pramyslu
v Evropé. To ukazuje na plisobeni jinych nez primyslovych emisnich zdrojii Rb. Pro oblast Barentsova mofe je
uddvdn medidn obsahu Rb v mechu 8,02 pg.g' (Halleraker et al. 1998), pro Norsko 11 pg.g” (Berg et Steinnes
1997a), pro Slovenskou republiku 13,4 pg.g! (Marikovska et al. 2003, Florek et al. 2007) a pro nékeeré ¢dsti Francie
kolem 12,5-13,5 pg.g” (Galsomies et al. 2003, Gombert et al. 2004, Amblard-Gross et al. 2004). Viz téz daje
v Kapitole 2.3.5.

2.3.1.15 ANTIMON

Uvodni tabulka udév4 zikladni fyzikdlni a chemické vlastnosti antimonu (Sb), chalkofilntho prvku. Neékolik
nevyznamnych lozisek Sb je znimo z CR (napt. Piibram, Pfi¢ov, Hyncice pod Susinou). Obsahy Sb v nasich
hornindch se pohybuji mezi 0,01-1,5 mgkg' (Bene§ 1994). Misty byl zji$tén zvySeny obsah Sb v potocnich
sedimentech ve stfednich a jihozdpadnich Cechich, u Brna, Olomouce a Ostravy (Abraham et al. 2002). Pramérny
obsah Sb v naSem uhli je 0,64 mg.kg", v uhelném popelu 3,75 mg.kg"' (Trebichavsky et al. 1998). Evropské pudy
obsahuji v priméru 0,50 mg Sb v kilogramu (De Vos et Tarvainen 2006). Pudni bakterie pfi snizeném provzdusnéni
ptidy mohou Sb metylovat.

Sb neni zndm jako esencidlni prvek pro zddnou skupinu organizmt na Zemi. Rostliny obsahuji v priaméru
v kilogramu su$iny 1-200 mg Sb, pfi¢emz se stdfim listi roste obsah Sb. I z kontaminovanych pud je pfijem Sb
rostlinami maly (Hammel et al. 2000). Druhy kloboukatych hub obyéejné nehromadi Sb v plodnicich ve vétsim
mnozstvi. V biologickych systémech piisobi Sb jako antagonista As a Se.

Sb se uzivd k vyrobé specidlnich slitin, vulkanizaci kauc¢uku, vyrobé polovodici, baterii, skla a keramiky, 1é¢iv atp.
Kromé metalurgického a strojniho primyslu je dilezitym zdrojem Sb pozemni doprava, kde se Sb uvoliiuje do
ovzdusi obrusem brzdovych éelisti a pneumatik.

Sb a jeho slouceniny patif k toxickym a kancerogennim prvkam. Letdlni ddvka pro dospélého ¢loveka je kolem
53 g Sb. Sb*® piisobi mnohem toxi¢téji nez Sb*>. Intoxikace Sb ma podobny priibéh jako otrava As.

Tabulky 5-18 podévaji zékladni statistické tdaje o vysledcich stanoveni Sb v mechu z celé CR a jednotlivych
krajii. Zjistény aktudlni obsah Sb se v CR pohyboval v rozmezi 0,018-0,903 pg.g', primérna hodnota byla kolem
0,117 pg.g'. Obr. 17 zobrazuje relativni odchylky primérnych hodnot obsahu Sb v mechu jednotlivych kraji od
celostdtntho praméru. Nejvyssi obsahy Sb byly zjiStény pro kraje LI a PU, nejmensi pro kraje ZL a BN. VloZend
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barevnd bodovd a izoliniovd mapa zobrazuje distribuci Sb v mechu na tGzemi CR. Patrnd jsou nésledujici mista
s vysokym nebo zvySenym obsahem Sb v mechu:

1. Okoli Ptibrami v jihozdpadni &sti stfednich Cech.
2. Okoli Nového Boru v severozdpadnich Cechéch.

Zvy$end akumulace Sb v mechu byla zjiSténa v blizkosti praiské aglomerace a velmi malé zvyseni v oblasti
zdpadnich Krkonos§, u Vysokého Myta a u Frydku Mistku.

Zbylé Gzem{ vykazuje relativné malé obsahy Sb v mechu. Na 95 % tzemi CR obsah Sb v mechu neptekratoval
hodnotu 0,20 pg.g.

Vysoké a zvy$ené hodnoty obsahu Sb v mechu lze vysvétlit ndsledovné:

1. Cinnost Kovohuti a.s. P¥ibram, recyklace olova a odpadii s obsahem drahych kovii, vyroba olovénych
vyrobkd a specidlnich slitin.
2. Vyroba skla a keramiky v oblasti Kamenického Senova a Nového Boru.

Zvyseni obsahu Sb u Prahy souvisi s koncentraci pozemni dopravy a provozem strojnich podnik v oblasti
Rakovnik-Kladno, v zdpadnich Krkonosich s vyrobou skla a keramiky v okoli Desné, na severu Ceskomoravské
vrchoviny pravdépodobné s vyrobou elektrosoucdstek v Roznové pod Radho$tém a na severni Moravé s hutni
a strojirenskou vyrobou v kombinaci s koncentraci automobilové dopravy.

V jiznim Svédsku byl zjitén vyznamny pokles v obsahu Sb (z 0,41 pg.g' na 0,11 pg.g') v mechu Pleurozium
schreberi béhem poslednich 25 let (Rithling et Tyler 2004). Medidn obsahu Sb v mechu kolem Barentsova mote byl
stanoven na 0,03 pg.g” (Halleraker et al. 1998), v Norsku 0,092 pg.g” (Berg et Steinnes 1997a), na Slovensku 0,87
pg.g' (Marikovska et al. 2003, Florek et al. 2007). V pramyslovych oblastech Polska byly zjistény medidny obsahu
Sb v mechu 0,25-0,39 pg.g' (Grodzifiska et al. 2003). Pramérny obsah Sb v mechu na tizemi CR je srovnatelny se
Skandindvii, a je zhruba 8x niZ3{ nez v sousednim Slovensku. Dals{ srovndn{ uvddi i Kapitola 2.3.5.

2.2.1.16 SELEN

Zékladni fyzikdlné-chemické charakeeristiky pro selen (Se) udévd Gvodni tabulka. Se patfi mezi chalkofilni prvky,
v ptirodé je disperzné rozptyleny v horninich. Se doprovizi vyskyt siry a sulfidti, v CR napt. vychozy
polymetalickych rud (Pfibram, Zlaté Hory, Kraslice, Sklené, Staré Ransko atp.) Horniny obsahuji Se v mnoZstvi
0,05-0,6 mgkg' (Bene$ 1994). Obsah Se vnasem uhli dosahuje primérnych hodnot 0,88-2,64 mgkg,
v elektrirenském popilku 2,52 mg.kg' (Trebichavsky et al. 1998). Pudy obsahuji Se nejcastéji v mnozstvi 0,1-2
mg.kg?, f¢ni vody 0,002-0,003 mg.1".

Se je esencidlnim prvkem pro rostliny a vétSinu Zivocichi. Doporucend denni dédvka pro dospélé lidi je 0,055—
0,070 mg. Deficit Se miiZe vést k onemocnéni srdce, kosti a kloubt. Se je soucdsti nékterych enzymii a aminokyselin.
Chrén{ do jisté miry pfed vznikem kardiovaskuldrnich nemoci, intoxikacemi kovy a pfed dcinky ionizujictho zéfeni.
Cévnaté rostliny obsahuji v kilogramu susiny 0,01-2 mg Se. Listy lesnich stromd na Slovensku obsahovaly
v priméru Se v mnozstvi kolem 0,6 mg.kg! (Manikovskd 1996). Neékteré bobovité rostliny (druhy rodu Astragalus)
a plodnice kloboukatych druhtt hub mohou akumulovat vysoké koncentrace Se, které mohou byt pro konzumenty az
jedovaté.

Hospodiisky se Se vyuzivd pro vyrobu akumuldtort, skla a keramiky, specidlnich slitin, soldrnich baterii, barviv,
kosmetickych piipravki, vulkanizaci kauc¢uku atp. Se mtize doprovézet primyslové emise sloucenin siry, ale kolob¢h
Se a S se lisf (Wen et Carignan 2007).

Se a jeho sloudeniny ve vétsim mnozstvi jsou toxické. Seleni¢nany (SeOs*) piisobi toxi¢téji nez selenany (SeO4>).

V Tabulkdch 5-18 jsou uvedeny zdkladni statistické charakteristiky k vysledkiim stanoveni obsahu Se v mechu na
Gzem{ CR a v jednotlivych krajich. Aktudlni obsah Se v mechu na tzemi CR byl v rozmezi 0,104-1,04 pg.g’
s pramérem kolem 0,269 pg.g”'. Relativni odchylky pramérnych obsaht Se v mechu jednotlivych kraji od
celostdtniho priméru poskytuje Obr. 18. Proti celostdtnimu medidnu obsahu Se v mechu regiondlni medidny v LI
a UL vykazovaly hodnoty o 66 a 43 % vys$i a z kraji CB a PL zhruba o 30 % niz$i. Vlozend barevnd bodovd
a izoliniovd mapa distribuce Se v mechu na tizemi CR ukazuji ndsledujic mista se zvy$enym obsahem Se:
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1. Kru$né hory v oblasti Teplic (Krupka) a v hnédouhelném reviru mezi Teplicemi a Kadan{ v¢etné pfilehlych
&asti Krusnych hor.

Zvyseny obsah Se v mechu byl zji§tén také v okoli Nového Boru, piihrani¢nich oblastech na Frydlantsku
a Tanvaldsku, v zdpadni &sti stiednich Cech mezi Mélnikem a Berounem, v okoli Svitav, v Orlickych hordch a mezi
Frydkem Mistkem a Ostravou.

svy/

nepiekroéil hodnotu 0,3 pg.g'.
Duvody zvydeného obsahu Se v mechu ve vyse uvedenych oblastech CR lze vysvétlit nsledovné:

1. Spalovdni hnédého uhli v tepelnych elekerdrndch a primyslovych podnicich a provoz chemickych podnika.
Presné emisni zdroje u Teplic nejsou zndmé. Muze jit i o vliv nékterych metalurgickych a skldfskych
a keramickych podnika.

Zvysend akumulace Se v mechu v severnich Cechich miize byt zptisobena ¢innosti skliren (Novy Bor, Desnd),
provozem tepelné elektrdrny Turéw v Bogatynii. Zdpadni &ist stfednich Cech je pod vlivem priimyslového spalovéni
uhli (elektrdrna Mélnik, primysl Kladno), cementdrenskych peci (Beroun) a metalurgickych provoz (Bustéhrad).
Severovychodni Cechy jsou pod vlivem emisi z tepelné elektrdrny Chvaletice, metalurgickych a strojnich provozi.
Pramyslovd oblast severni Moravy je ovlivnéna emisemi z primyslové spalovaného uhli, metalurgickych a chemickych
provozil (napt. Bohumin).

Dvojnédsobny pokles priimérného obsahu Se v mechu (z 0,48 pg.g” na 0,17 pg.g”') byl zji$tén béhem poslednich
25 let v jiznim Svédsku (Rithling et Tyler 2004). Medidn obsahu Se v mechu v oblasti Barentsova mofe dosahl
hodnoty men3i nez 0,08 pg.g” (Halleraker et al. 1998), v Norsku 0,22 pg.g” (Berg et Steinnes 1997a), ve Francii 0,2
pg.g' (Galsomies et al. 2003), ve Spanélsku 0,106 pg.g' (Ferndndez et al. 2005) na Slovensku 0,33 pg.g’
(Matikovskd et al. 2003, Florek et al. 2007). Primérné obsahy Se v mechu na tizemi CR jsou srovnatelné s daji
z Norska a &sti Francie. V tvahu je tfeba brét urité rozdily vyvolané uzitim rdznych druht mechu a odlisnych
analytickych metod v jednotlivych zemich.

2.2.1.17 CIN

Uvodni tabulka poskytuje informaci o zdkladnich fyzikilné-chemickych vlastnostech cinu (Sn), ktery m4
chalkofiln{ i litofiln{ charakter. Mald loiska cinu jsou znima z Krusnych hor, Jizerskych hor, Ceskomoravské
vrchoviny a dal$ich mist. Obsah Sn v hornindch je uddvdn 0,3-3,6 mg.kg”, v usazenych hornindch jen 0,1 mg.kg™!
(Benes 1994), ale ve vépnitych jilovcich az 11 mgkg! (Trebichavsky et al. 1998). Kilogram uhli obsahuje kolem
2 mg, uhelny popel 3—13 mg Se. Evropské ptdy obsahuji Se v primérném mnozstvi 3 mg.kg™ (De Vos et Tarvainen
20006).

Sn neni esencidlnim prvkem pro rostliny, pro Zivodichy neni nutnost pfjmu a funkce Sn plné objasnéna.
Slouceniny Sn byvaji biologicky velmi aéinné. Rostliny obsahuji Se v mnozstvi 0,02-0,04 mgkg™, ale nékteré
rostliny (bioakumuldtory) hromadi Sn v mnozZstvi az kolem 1 %. Nékteré druhy kloboukatych hub mohou hromadit
Sn také ve vét$im mnozstvi.

Sn se hospoddisky vyuzitd pro vyrobu specidlnich slitin, forem na odlévini tabulového skla, pro pokovoviéni,
barveni, stabilizaci polymertt umélych hmot, vyrobu impregnaci zpomalujicich hofeni, redukénich ¢inidel, pesticidi,
fungicida atp.

Toxicita kovového Sn je mald, ale nékteré slouceniny Sn jsou vysoce toxické (SnHs) nebo nebezpeiné pro
zivocichy vodnich ekosystémt (alkylované formy Sn). Sn ptisobi v téle Zivocdichu jako antagonista jédu.

Na tizemi CR bylo zji$téno mnozstvi Sn v mechu v rozmezi 0,080-1,03 pg.g', medidn byl 0,188 pg.g". Zakladni
statistika vysledka chemickych analyz vzorkt mechu z celé CR a jednotlivych krajt je k dispozici v Tabulkéch 5-18.
Relativni odchylky pramérnych obsahiit Sn v mechu v jednotlivych krajich od celostdtniho praméru jsou uvedeny na
Obr. 19. Priimérny obsah Sn v mechu v kraji OV a LI byl asi 0 20 % vy$3{ neZ celostdtni primér, naopak v krajich
BN a PL byl pramérny obsah Sn v mechu o 13 % nizsi. VloZend barevnd bodov4 a izoliniovd mapa ukazuje distribuci
obsahu Sn v mechu na Gzemi CR. Patrnd jsou nasledujici mista, kde dochaz{ ke zvy$ené akumulaci Sn v mechu:

1. Mezi Rokycany a Piibrami v jihozédpadnich Cechach.
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2.V okoli Lovosic v severozdpadnich Cechéch.
3.V okoli Nového Ji¢ina a Frydku Mistku na severni Moravé.
Slabé zvy$ené obsahy Sn v mechu byly zjistény mezi Chrudimi{ a Ceskou Ttebovou v severovychodnich Cechéch.
Velmi lokdlné také napt. u Teplic, Ceské Kamenice, Frydlantu, Kladna a Krnova.
Na zbylém tzemi CR byly zji§tény relativné nizké hodnoty obsahu Sn, na 90 % rozlohy CR obsah Sn v mechu
nepiekro¢il hodnotu 0,30 pg.g'.

Pfes relativné Casty vyskyt zrudnéni Sn na tzemi Ceského masivu, Sn akumulovany v mechu ve vyse uvedenych
oblastech CR m4 hlavn{ plivod z primyslovych zdroja.

1. Cinnost 7elezdren Hradek (po r. 2000 zruseny) a predeviim recyklace odpadu s obsahem drahych kovii
a vyroba specidlnich nizkotavitelnych slitin v Kovohutich a.s. Pf{bram.

2. Recyklace Sn z elektrotechnickych souédstek, vyroba ochrannych prostfedka pro aplikaci v zemédélstvi.

3. Provoz metalurgickych a strojirenskych provozi, pokovovdni odlitkd, uzivdni pdjek.

Lokaln{ zvy$eni obsahu Sn v mechu souvisi s provozovdnim metalurgickych a strojirenskych provozi (Chrudim,
Ceskd Ttebovd, Kladno, Teplice), sklifského primyslu (Ceskd Kamenice), vyroba elektrotechnickych zafizeni
(Krnov) a pramyslovym spalovdnim uhli v elektrdrné Turéw, Bogatynia.

Riihling et Tyler (2004) publikovali pétindsobné snizeni priimérného obsahu Sn v mechu Pleurozium schreberi
(z 0,49 pg.g' na 0,09 pg.g"), v oblasti jizniho Svédska behem poslednich 25 let. Medidn obsahu Sn v mechu z Gizemi
Norska se uddvd 0,17 pg.g' (Berg et Steinnes 1997a), ze Slovenské republiky 0,236 pg.g' (Maiikovskd et al. 2003,
Florek et al. 2007). Viz téz Kapitolu 2.3.5.

2.2.1.18 STRONCIUM

Uvodni tabulka poskytuje zdkladni informace o fyzikdlné-chemickych vlastnostech stroncia (Sr), typického
litofilntho prvku, ktery md podobné vlastnosti jako vdpnik nebo barium. Ptrodni Sr je slozeno ze Ctyf izotopt. Od
prvnich pokusi jadernych zbrani a nehod atomovych elektriren je soucdsti atmosférického spadu izotop *°Sr
s polo¢asem rozpadu 28 dni. V hornindch je Sr obsazeno v mnozstvi 20-600 mg.kg, ve tmavych vyvtelindch 1 000
1500 mgkg' (Bene$ 1994). Kilogram uhli a uhelného popela obsahuje v priméru 240 a 420-850 mg Sr
(Trebichavsky et al. 1998). V Evropé je typicky obsah Sr v lesnim humusu 17 mgkg™”, v ptiddch kolem 90 mg kg™
(De Vos et Tarvainen 2006). Povrchové vody obsahuji Sr v koncentraci 0,08-0,11 mg.I"".

Sr nenf esencidlnim prvkem pro zddnou skupinu organizm® na Zemi. Pfesto nékteré organizmy hromadi v télech
vétsi mnozstvi Sr. Cévnaté rostliny obsahuji Sr ve velmi Sirokém rozpétl 3-400 pg.g”' a se stdffim pletiv obsah Sr
vzristd. Semena, napt. obilky obilovin, maji naopak velmi nizky obsah Sr (0,5-3,5 mg.kg"). V listech lesnich stromu
na Slovensku byl zji$tén pramérny obsah Sr kolem 20 mg.kg”' (Marikovskd 1996). Plodnice kloboukatych hub
mohou hromadit vét${ mnozstvi Sr, véetné radioaktivnich izotopt.

Hospodaiské vyuziti Sr zahrnuje vyrobu specidlnich slitin, trvalych magnetd, skel, barviv, zdbavné pyrotechniky
ap. Radioaktivn{ izotopy Sr se uzivaji k 1é¢bé nddort.

Pfirozené Sr je relativné mdlo toxické. Mirné intoxikace vedou k poruchdm metabolizmu a ukldddni vdpniku.
Naopak radioaktivni *°Sr snadno iniciuje vznik rakoviny.

Tabulky 5-18 poskytuji zdkladni statistické charakteristiky k vysledkim stanoveni obsahu Sr v mechu z celého
tizemi CR a jednotlivych krajii. Obsah celkového Sr v mechu byl zjistén v rozmezi 3,95-52,2 pg.g s primérem 9,69
pg.g . Nejvétsi hodnoty medidnu pro obsah Sr v mechu byly zjiStény pro kraj ZL a OL, nejmensi pro HK a PL. Obr.
20 ukazuje relativni rozdily mezi primérnym obsahem Sr v mechu v jednotlivych krajich ve srovndni s celostdtnim
pramérem. Vlozend barevnd bodovd a izoliniovd mapa poskytuje piehled o distribuci obsahu Sr v mechu na dzemi
CR. Patrné jsou nésledujici oblasti se zvy$enym obsahem Sr v mechu:

1. Karlovarsko (Ostrov) v zépadnich Cechdch.
2. Podkrusnohorsky hnédouhelny revir mezi Lovosicemi a Chomutovem v zdpadnich Cechéch.
3. U Kyjova na jizni Moravé.
Lokélné byl zvyseny obsah Sr v mechu zjistén v pfihrani¢ni oblasti u Znojma, u Brna, a slabé zvy$ené obsahy
v jednotlivych vzorcich mechu napt. od Pardubic, Sumperka, Krnova.
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Zbylé tizemi (80 %) obsahuje relativné mald mnozstvi St v mechu nepiesahujici 12 pg.g™.
Pramyslové emise Sr nejsou v CR sledovany a ani vyznamnéjsi pramyslové vyuzivani Sr se u nds nepfedpoklida.
Hlavni podil Sr v mechu je geogenni. Pficiny zvyseného hromadéni Sr v mechu jsou ndsledujici:

1. Zvy$end pidni prasnost pidnich pokryvii na Sr bohatych hornindch, akumulace soli v pidé u termdlnich
minerdlnich prament, pra$nost spojend s tézbou uhli na Sokolovsku.

2. Pra$nost spojend s tézbou hnédého uhli a jeho spalovdnim v primyslovych topenistich, elekerdrné, hutnich,
strojirenskych a chemickych provozech.

3. Vétrnd eroze a roznos &astic ptdnich pokryvii na vépnitych sedimentech karpatského flyse.

Zvysené hromadéni Sr u Znojma a Brna je zpiisobeno vétrnou erozi piid na vdpnitych sedimentech karpatského
flySe. Velmi lokdln{ zvy$eni obsahu Sr je spojeno s vétrnou erozi vystup(i mate¢nych hornin a jejich ptidnich derivdca
bohatych na Sr. Jde spiSe o vysledek pusobeni mistnich vlivii kontrolujicich aktudlni pra$nost na monitorovacich

ploch4ch.

Dlouhodobé sledovani obsahu prvki v mechu Pleurozium schreberi v jiznim Svédsku ukizalo (Riihling et Tyler
2004), 7e béhem poslednich 25 nedoslo k vyznamné zméné primérného obsahu Sr (9,8-9,9 pg.g™). Nelze proto
pfedpoklddat, Ze v Evropé pisobi vyznamnéji priimyslové zdroje Sr. Hodnota medidnu pro obsah Sr v mechu
u Barentsova mofe byla 10,9 pg.g' (Halleraker et al. 1998), v Norsku 13 pg.g’ (Berg et Steinnes 1997a), na
Slovensku 61,9 pg.g” (Marikovska et al. 2003, Florek et al. 2007) a ve Francii 13,1 pg.g” (Gombert et al. 2004). Pro
primyslové oblasti Polska se uddvd primérny obsah Sr 4,3-9 pg.g” (Grodzifiska et al. 2003). Pramérny obsah Sr
v mechu v CR je srovnatelny se skandindvskymi zemémi a je zhruba 6x ni%f ne? v sousednim Slovensku. Viz téZ
Kapitolu 2.3.5.

2.2.1.19 THORIUM

Zékladni fyzikdlné-chemické vlastnosti thoria (Th) jsou uvedeny v dvodni tabulce. Th je relativné hojny, litofilni,
slabé radioaktivni prvek (polocas rozpadu 1,41x10'" rokii) doprovdzejici hydrotermdln{ uranové a moiské monazitové
zrudnéni. Mnohé izotopy Th jsou souddsti thoriové, uranové a aktiniové rozpadové fady. Golids$ (20002) uvddi mapu
vyskytu radiometrickych anomdlii v CR. V kilogramu hornin je obsazeno 1-40 mg Th, u Zul 10-40 mg,
sedimentovanych hornin 1-2 mg a ultrabazickych hornin 0,004 mg (Bene$ 1994). Obsah Th v evropskych piddch
byl zjistén 5-9 mg.kg’, medidn kolem 7,3 mg.kg" (De Vos et Tarvainen 2006). Poto¢ni sedimenty Ceského masivu
obsahuji obycejné vice nez 13 mg Th v kilogramu, ale ve vodé¢ je Th velmi mélo rozpustné.

Th neni esencidlnim prvkem pro Zddnou skupinu organizmii na Zemi. Cévnaté rostliny hromadi jen malé
mnozstvi Th 0,03-1,3 pg.g”’ (Micekeley et al. 1994), které je v rostlindch mélo pohyblivé. Obsahy Th v plodnicich
kloboukatych druhii hub jsou obyéejné velmi malé.

Th a jeho slouceniny se uzivaji k vyrobé specidlnich teplu odolnych slitin a keramiky, vyrobé barviv. Podil
izotopti Th slouzi k datovdn{ stdfi hornin. Hlavnim primyslovym zdrojem emisi Th je spalovani uhli.

Th je povaZovéno za slabé toxicky prvek, ale pfirozené intoxikace nejsou zndmy. Na druhé strané potencidlni
zdravotni rizika (vznik rakoviny) z expozic zéfeni izotoptt Th jsou znacnd.

Tabulky 5-8 poskytuji zékladn{ statistické ddaje o vysledcich stanoveni obsahu Th v mechu na celém tzemi CR
a v jednotlivych krajich. Na Gzemi CR byl v mechu zji$tén obsah Th v rozmezi 0,027-0,808 pg.g', medidn 0,090
pg.g . Relativni odchylky medidnti obsahu Th v mechu z kraji BN a ZL jsou asi 0 45 % vyssi a z krajut KV a PL
o 40 % nizsi nez medidn pro CR (Obr. 21). RozloZeni distribuce obsahu Th v mechu na tizemi CR zachycuje
vlozen4 barevn4 bodovi a izoliniovd mapa. Patrnd jsou nésledujici mista v CR se zvy$enou akumulaci Th v mechu:

1. Jizni Morava mezi Pferovem a Mikulovem.
2. U Tiebice na jihozdpadni Moravé.
3. Podkrusnohorsky hnédouhelny revir v zipadnich Cechdch.

Zvysend akumulace Th v mechu byla zji$téna mistné u Frydlantu, u Krnova a v okoli Hradce Krdlové.

Nejnizéi obsahy Th jsou patrné v oblasti jihozdpadnich Cech, v severnich hrani¢nich pohotich mimo Jizerské
hory a v Moravskoslezskych Beskydech.
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Pramyslové emisni zdroje Th nejsou v CR evidovany. Vysvétleni akumulace Th na vy$e uvedenych mistech CR je
tieba hledat ve zvysené tirovni spadu pevnych aerosolt pidnich ¢4stic a popilki ze spalovéni hnédého uhli.

1 Vétrnd eroze a roznos &astic piidnich pokryvii na sedimentech karpatského flyse.

2 Vétrnd eroze vystupil syenitll a jejich pidnich pokryva.

3 ZvySend prasnost spojend s tézbou hnédého uhli a jeho spalovanim v tepelnych elektrarnich a mistnich
pramyslovych topenistich.

Lokdln{ zvyseni obsahu Th v mechu na Frydlantsku souvisi s téZbou a spalovdnim uhli v blizké elekcrdrné Turéw,
Bogatynia, na vychodnim okraji Krnova vlivem zvy$ené pidni a méstské pragnosti, v severovychodnich Cechach
s vétrnou eroz{ pidnich pokryvii a provozem tepelné elektrdrny a tepldren. Velmi lokdln{ efekt na zvy$eni obsahu Th
v mechu md drceni kameniva odvald byvalych uranovych doli napf. u Piibrami (Hdje). VloZend barevnd mapa
dokumentuje distribuci Th v mechu Pleurozium schreberi v okoli Piibrami, jak byla zjiSténa béhem specidlniho
biomonitorovactho programu v roce 1999 (Sucharovd et Suchara 2004c).

Vjiznim Svédsku byl zjistén (Riihling et Tyler 2004) béhem poslednich 25 let pokles obsahu Th v mechu
Pleurozium schreberi z 0,110 pg.g” na 0,039 pg.g” pravdépodobné jako hlavn{ diisledek sniZzeni mnozstvi pramyslové
spalovaného uhli v Evropé. Medidn pro obsah Th v mechu u Barentsova mofe se udév4 kolem 0,024 pg.g”' (Halleraker
et al. 1998), z Norska 0,04 pg.g' (Berg et Steinnes 1997a), z priumyslovych oblasti Polska 0,13-0,17pg.g” (Grodzifska
et al. 2003). Dalsi srovndni poskytuje Kapitola 2.3.5.

2.2.1.20 TALIUM

Talium (T1) je chalkofilni prvek zastoupeny v polymetalickych sulfidech a ¢4ste¢né se chovd jako prvek litofiln{
pfitomny v padnich jilovitych minerdlech. Zdkladni fyzikdlni a chemické vlastnosti T1 shrnuje Gvodni{ tabulka. TI
asto provazi vyskyty rubidia a cesia, které v minerdlech mtze nahrazovat. Obsah Tl se v hornindch pohybuje
v rozmezi 0,01-3,0 mg.kg"' (Benes 1994), v evropskych ptddch v priiméru kolem 0,66 mg.kg" (De Vos et Tarvainen
2006). Popilek po spaleni hnédého uhli obsahuje T1 v mnozstvi okolo 25 mg.kg' (Trebichavsky et al. 1998) a je
hlavnim zdrojem zneci$tovani ovzdusi T1 (Kazantzis 2000).

Nenf zndmo, ze by TI bylo esencidlnim prvkem pro nékterou ze skupin organizmt na Zemi. Typicky obsah T1
v rostlindch je 0,03-0,3mg.kg”, ale nékteré druhy rostlin napf. z ¢eledi brukvovitych hromadi T1 ve vétsim mnoZstvi
(ptfes 1,5 mg.kg™), druhy rostlinnych hyperakumuldtort Tl i kolem 1 %. Také nékteré kloboukaté druhy hub mohou
hromadit T1 ve vét$im mnozstvi v plodnicich.

Tl se vyuzivé pro vyrobu specidlnich oceli, keramiky a skla, elektrotechnickych soucdstek, fluorescen¢nich trubic,
1é¢iv, diagnostiku nddori ap. Dfive se pouzivalo T1 ik vyrobé pesticidi.

Tl a jeho sloudeniny jsou vysoce toxické pro zivocichy i rostliny. Rozpus$téné TI ve formé TI*' a TI*® se snadno
vstiebdvd pokozkou. Intoxikace T1 (600 mg.den™) vede k poskozeni vnitfnich orgdnti a mozku. Antidotum proti TI
je hexakyanoZelezitan draselny. T1 m4 zfejmé také kancerogenni Gcinky.

Zji$téné obsahy Tl v mechu se pohybovaly v rozmezi 0,009-0,479 pg.g”', hodnota medidnu byla 0,037 pg.g’.
Tabulky 5-18 poskytuji zdkladn{ statistickd data k vysledkiim stanoveni obsahu T1 v mechu z celé CR a jednotlivych
kraji. Relativni odchylky pramérnych obsaht TI v mechu v jednotlivych krajich od celostdtniho primeéru zobrazuje
Obr. 22. Nejvyssi hodnoty medidnti byly zjistény pro kraj PU a OV, nejmensi pro PL a ZL. Vlozend barevnd bodovd
a izoliniovd mapa zobrazuje aktudln{ distribuci obsahu Tl v mechu na tzemi CR. Patrné jsou nasledujici oblasti se
zvy$enym obsahem T1v mechu:

1. Pifhrani¢ni oblast u Déina (Mikuld$ovice) v severozdpadnich Cechdch.
Mirné zvyseny obsah Tl v mechu byl naméfen v oblasti Jablonce nad Nisou, u Tachova, Horni Plané, Suchdola
nad Luznici, Krnova a Frydku Mistku.

Nejmensi akumulaci T1 vykazoval mech v jihozdpadnich a zipadnich Cechdch a na jihozdpadni a jihovychodni
Moravé. Na zhruba 90 % tizemi CR obsah Tl v mechu nepiekro¢il 0,08 pg.g" a na 50 % 0,04 pg. g
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1. Pticiny vysoké akumulace T1 u Dé¢ina nejsou presné zndmy. Pravdépodobné se nejednd o Zddny domdci ani
zahrani¢ni (Sebnitz) primyslovy zdroj zneliStovdni ovzdusi. Mtze jit o lokdlni geochemickou anomalii
distribuce T1 v usazenych hornindch a zvySeny vstup do kolobéhu ldtek mistniho lesniho ekosystému..

Vysoky obsah T1 v mechu byl na této monitorovaci plose zjistén i v roce 2005

Zvysené obsahy Tl v mechu na ostatnich jmenovanych mistech CR jsou zpiisobeny spadem &stic z erodovanych
pudnich pokryvi v mistech geogenniho zvyseni obsahu Tl a priimyslového nebo méstského prachu s obsahem popela
ze spalovdni uhli.

Vyznamny pokles obsahu Tl v mechu (z 0,152 na 0,066 pg.g”) byl zjitén v jiznim Svédsku behem let 1975-2000
(Rithling et Tyler 2004). Medidn obsahu Tl v mechu u Barentsova mofe byl zjistén 0,013 pg.g”’ (Halleraker et al.
1998) a v Norsku 0,06 pg.g” (Berg et Steinnes 1997a). Ve srovndni se skandindvskymi stdty je obsah Tl v mechu na
tizemi CR piekvapivé nizky.

2.2.1.21 URAN

Uvodni tabulka poskytuje zdkladn{ fyzikdlné-chemické vlastnosti uranu (U), relativné hojného typického
litofilntho prvku. V piirodé je U sloZen ze tii radioizotopii s velmi dlouhymi polocasy rozpadu. U se vyskytuje
rozptyleny v horninich a rudich hydrotermilntho piivodu v CR dfive téZenych na mnoha mistech (Jichymov,
Ptibram, Dolni Roznd, Straz pod Ralskem, Broumov aj.) Obsah U v hornindch se pohybuje v rozmezi 0,001-3,7
mg.kg! (Bene§ 1994). Typicky obsah U v evropskych pudach je kolem 2 mg.kg” (De Vos et Tarvainen 2006), kde je
adsorbovin hlavné na humusové litky. Potoéni voda a sedimenty v Kru$nych hordch obsahuji U v koncentracich az
kolem 1 pg.l" a2 mgkg.

Pro Zédnou skupinu organismii na Zemi nebylo zji$téno, ze by byl U esencidlnim prvkem. Cévnaté rostliny
obsahuji v kilogramu susiny 0,005-0.06 mg U (Pulhani et al. 2005). Nékeeré rostliny, napf. z rodu Astragalus
(kozinec) hyperakumulujici v Severni Americe Se mohou slouzit k prospekci U, ktery tam zrudnéni selenu téméf
vzdy doprovizi.

U a jeho sloudeniny se uZivaji jako jaderné palivo v elektrirnich, pro vyrobu jadernych zbrani a vysoce
praraznych stfel, vyrobu plutonia, barveni skla, jako kontrastni ldtka v elektronové mikroskopii, méfeni
integrovaného svételného zafenf atp.

Expozice U predstavuje chemické i radia¢ni nebezpedi, U v roztoku se vstfebdvd i kizi. Intoxikace U poskozuje
funkci vnitfnich orgdnti, radioaktivni zdfen{ snizuje plodnost, poskozuje mozek, zvysuje pravdépodobnost vzniku
rakoviny atp. Vyskyt U v pfirod¢ doprovézi zvyseny vyskyt radonu, jehoz dychdni vyvoldv4 rakovinu plic.

Tabulky 5-18 poskytuji zdkladni statistické tdaje o zjisténych obsazich celkového U v mechu na tzemi CR
a v jednotlivych krajich. Zjisténé rozmezi obsahu U v mechu bylo 0,089-0,162 pg.g”, hodnota medidnu dosdhla
0,031 pg.g'. Relativn{ odchylky primérného obsahu U v mechu na tGzemi jednotlivych kraji od celostdtniho
priaméru poskytuje Obr. 23. Proti celostdtnimu medidnu obsahu U v mechu byly zjistény medidny pro kraje LI a PU
0 35 a 23 % vy a pro kraje PL a KV asi 0 27 % nizsi. Distribuci Grovni obsahu U v mechu na tizemi CR zachycuje
vlozend barevnd bodov a izoliniovd mapa, které ukazuji ndsledujici mista v CR, kde dochdzi ke zvySené adsorpci

U mechem:
1. Jizni Morava mezi Prerovem a Mikulovem.
2. Pithrani¢ni oblast i na Frydlantsku a Jizerské hory v severnich Cechéch.
3. U Straze pod Ralskem v severnich Cechdch.
4. Podkrusnohorsky hnédouhelny revir v okoli Mostu v zipadnich Cechéch.

Velmi mistné byl zjitén v mechu zvyseny obsah U napt. u Zadntho Chodova v jihozdpadnich Cechdch, u Ttebice
na jihozdpadni Moravé, u Policky ve vychodnich Cechich, mezi Mélnikem a Berounem, u Krnova a na
Frydeckomistecku.

Naopak nizké obsahy U v mechu zjistujeme ve zbylych éistech jihozdpadnich a jiznich Cech, v severnich
pohrani¢nich horich mino Jizerské hory, v severni a vychodnf ¢isti Ceskomoravské vrchoviny a v Moravskoslezskych
Beskydech. Na zhruba 70 % tizemi CR obsah U v mechu nepfekracoval hodnotu 0,04 pg.g™.

145



Acta Pruhoniciana 87, 2007

Zvysend depozice ptidniho prachu a primyslového prachu s obsahem uhelného popilku jsou hlavnimi zdroji U
zji$téného v mechu na vyse uvedenych mistech CR.

1. Vétrnd eroze &stic z pidnich pokryvi na sedimentech karpatského flyse.
2. Zvysend pudni a priimyslovd prasnost spojend s tézbou a spalovdnim hnédého uhli v elektrdrné Turéw,

Bogatynia.

b

Vétrnd eroze piidnich pokryvi v aredlu byvalé tézby uranu.
4. Vysokd atmosférickd depozice pidniho a primyslového prachu v oblasti tézby hnédého uhli a jeho
spalovdni v elektrdrndch a primyslovych topenistich.

Zvysend akumulace U v mechu souvisi s vlivem vétrné eroze rudnich odvald a lesniho humusu v aredlu byvalych
uranovych doli (Zadni Chodov), eroze ptidnich pokryvii a humusu na U bohatych syenitech a granitech (Ttebit,
Poli¢ka, Jevany), zvy$end pidni a pramyslovd prasnost (Mélnik-Kladno-Beroun, Frydek Mistek), zvyseny spad
plidniho a méstského prachu (vychodni pfedmésti Krnova).

Rozlozeni vysoké trovné depozice U a dal$ich typicky geogennich prvki zplisobené zvy$enym spadem erodovanych
puadnich &stic na jihovychodni Moravé bylo podrobné zjistovdno v letech 2002-2003 (Sucharovd et al. 2003). Na
vloZené barevné mapé je uvedena ukdzka rozlozeni obsahu U v mechu Hypnum cupressiforme ve studovaném dzemi.

Vyznamné snizeni obsahu U v mechu Pleurozium schreberi z 0,057 na 0,015 pg.g” bylo zjiseéno (Rithling et Tyler
2000) v jiznim Svédsku za obdobi let 1997-2000. Medidn obsahu U v mechu pro Norsko byl udvén 0,05 pg.g’
(Berg et Steinnes 1997a), pro okoli Barentsova mofe 0,009 pg.g” (Halleraker et al. 1998), Slovenskou republiku 0,09
pg.g' (Martikovskd et al. 2003, Florek et al. 2007), ¢4st Francie 0,07 pg.g” (Abblard-Gross et al. 2004) a priimyslové
oblasti Polska 0,08-0,10 pg.g’ (Grodzifiska et al. 2003). Zjisténé obsahy U v mechu z CR jsou srovnatelné
s uddvanymi hodnotami ze Skandindvie.

2.2.1.22 YTRIUM

Zékladni fyzikdlni a chemické vlastnosti ytria (Y), typického litofilnitho prvku, lze nalézt v tivodni tabulce. Y je
relativné hojny prvek na Zemi pfirozené tvofeny jedinym stabilnim izotopem *Y. Doprovizi vyskyty vsech zbylych
prvka vzécnych zemin. Horniny obsahuji Y v mnozstvi 0,1-40 mg.kg”, nejvice je pfitomno v Zuldch, bazaltech
a usazenych hornindch (Bene§ 1994). Variské granity Ceského masivu obsahuji v kilogramu kolem 40 mg Y.
Primérny obsah Y v evropskych piddch se pohybuje kolem 20 mg.kg” (De Vos et Tarvainen 2006), znaénd &dst
Y v ptdni{ matrici je vdzdna na jilovité minerdly. Pohyb Y ve slozkdch Zivotniho prostfedi je obycejné maly.

Y neni esencidlnim prvkem pro Zédnou skupinu organismd na Zemi. Cévnaté rostliny obsahuji Y v mnozstvi
0,15-0,77 mg.kg' a jeho obsah roste se stdfim rostlinnych pletiv. Je zndmo jen nékolik druhd rostlin, které mohou
hromadit Y ve vét$im mnozstvi. Plodnice vétsiny kloboukatych druht hub neobsahuji vét$i mnozstvi Y.

Pramyslové se Y a jeho sloudeniny vyuzivaji pfi vyrobé televiznich obrazovek, specidlnich slitin, teplu odolné
keramiky, elektrosoucdstek, tvrzeni povrchu feznych néstroji atp. Nékteré radioaktivni izotopy Y se uzivaji k ni¢en{

nadort.

Zakladn{ statistické ddaje o zjisténém obsahu Y v mechu na celém tzemi CR a jednotlivych kraji poskytuji
Tabulky 5-18. Rozpéti aktudlniho obsahu Y v mechu na tzemi CR bylo zji§téno 0,067-1,16 pg.g"', medidn dosihl
hodnoty 0,177 pg.g"'. Relativai odchylky pramérného obsahu Y v mechu v jednotlivych krajich od celostdtniho
praméru ukazuje Obr. 24. Nejvyssi hodnoty medidna byly zjistény v kraji BN a ZL, nejmensi v KV a PL. Distribuci
obsahu Y v mechu na tizemi CR zobrazuje vlozeni bodovi a izoliniovd mapa. Patrné jsou nasledujici oblasti CR se
zvy$enym obsahem Y v mechu:

1. Jizni Morava mezi Pferovem a Mikulovem.
Mirné zvy$eny obsah Y v mechu byl zaznamendn hlavné na Mostecku, u Krnova a u Mélniku.
Nejmens{ obsahy Y vykazoval mech v jihozdpadnich Cechdch, v nékterych ¢dstech severnich Cech a na

severovychodni Moravé.

Pri¢iny bioindikované zvys$ené depozi¢ni tirovné Y lze vysvétlit ndsledovné:
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1. Vétrnd eroze Castic ptidnich pokryvii predevsim na jilovitych sedimentech karpatského flyse.

Zvy$end akumulace Y v mechu na Mostecku souvisi se zvySenou ptdni a primyslovou pra$nosti spojenou
s tézbou hnédého uhli a jeho spalovdnim v elektrdrndch a priimyslovych topenistich, podobné u Krnova jde o zvyseny
spad ptdniho, méstského a priimyslového prachu na otevienou monitorovaci plochu na vychodnim okraji mésta.
Ptipadny podil Y v pramyslovém prachu z provozii vyroby elektrosoucdstek neni zndm. Mélnicko je pod vlivem
zvySené prasnosti pidnich &stic erodovanych ze zornénych pidnich pokryvi, zemnich praci a pramyslového prachu
z provozovan{ tepelné elektrirny.

Priikazny pokles Y v mechu Pleurozium schreberi (0,27 a 0,10 pg.g”') béhem obdobi 1997-2000 byl zaznamendn
v jiznim Svédsku (Riihling et Tyler 2004). Ve Finsku byl zjidtén podstatné vy$i obsah Y v mechu v oblasti s vés
hustotou pozemn{ dopravy nez v oblasti s malou hustotou dopravy. Medidn obsahu Y v mechu z Norska se uddvd
0,23 pg.g" (Berg et Steinnes 1997a), co? je srovnatelné s idaji pro CR.

2.3.2 AKTUALNI DEPOZICNI SITUACE

2.3.2.1 ROZLOZENI DEPOZICNICH ZATEZI

Aktudlni obsah prvku v mechu je méfitkem relativni drovné spadu prvku na dané monitorovaci plose,
odpovidajici napt. méfenim bulkd (mokrd depozice se suchych spadem) v kolektorech. Distribuce obsahu prvka
v mechu je vyjadfovdna pomoci 11 koncentra¢nich rozsahii, které jsou uvedeny v legenddch pfislusnych map, a keeré
byly ¢dste¢né prevzaty z dostupnych map distribuce prvkd v mechu v ostatnich evropskych zemich nebo byly
stanoveny subjektivné podle koncentra¢niho rozpéti prvku v mechu na tzemi CR.

Ke zhodnocent relativnich depozi¢nich zétézi pro jednotlivé prvky v CR bylo tieba zjistit rozpéti depozi¢nich
z4t&{ v Evropé na zdkladé publikovanych dat o obsahu prvkii v nejcistSich oblastech severni Skandindvie (napf.
Reimann et al. 1997; 2001, Steinnes et al. 2001) a v zdpadni, stfednf a jizn{ Evropé (napf. Siewers et Herpin 1998,
kapitola 2.3.5). Rozpéti obsahu prvka bylo rozdéleno na koncentraéni trovné (1-4) podle Tab. 19, které odpovidaji
relativné malé (zelend barva), stfedni (zlutd), vysoké (oranzovd) a velmi vysoké (Cervend) depoziéni zdtéZi (pro
povinné sledované prvky (viz Suchara et Sucharovd 2004a). Relativni drovné spadu dusiku byly pro nedostatek
dostupnych tdaju v literatufe vymezeny subjektivné podle stupné projevii miry eutrofizace (vyskyty nitrofilnich
druhti rostlin a povlakt chlorokokdlnich fas) na monitorovacich plochdch. Pro kazdy z 22 prvka a kazdou
monitorovaci plochu byla zjiSténa koncentra¢ni droven prvku v mechu (viz Ptiloha Tab. 2) a pro kazdou
monitorovaci plochu byla vypoltena primérnd koncentraéni troven pro viech 22 sledovanych prvka, kterd se
pohybovala v rozpéti 1,00-2,68. Podle dosazené primérné hodnoty koncentra¢ni trovné bylo stanoveno pofadi
lokalit. Na sedmi monitorovacich plochich (20, 68, 139, 145, 161-01, 162 a 170-01) byl obsah vsech 22 prvka
v mechu v prvni, nejniz$i koncentra¢ni trovni a u dalsich 24 lokalit obsah pouze u jednoho prvku byl ve druhé
koncentra¢ni trovni. Nejéastéji se jednalo o mista v severovychodnich Cechich, v Brdch, Jesenikdch, na
Ceskomoravské vrchoviné a Hostynsko-Vizovickych vriich. Pokud bereme do tvahy i obsahy 14 povinné
sledovanych prvkil hodnocené diive (Sucharovd et Suchara 2004a), pak na lokalicdch 20, 145, 162. 161-01, 139
a 170-01 byly obsahy vsech 36 sledovanych prvka v nejniz$i koncentraéni hladiné.

Naopak priameérné nejvyssi obsahy 22 prvka (i vSech 36 prvki) byly zjistény na monitorovacich plochdch 175-01,
23, 176 a 177-01, kreré viechny lezi na jizni Moravé a pouze jedna u Mostu v oblasti byvalého Cerného
trojthelniku.

Rozpéti primérné koncentra¢ni trovné bylo rozdéleno na étyfi intervaly, primérné depozi¢ni tiidy I-IV
(definované v Tab. 20), charakterizujici celkovou depozi¢ni z4téZ monitorovacich ploch 22 prvky. Vlozend barevnd
mapa ukazuje interpolovanou distribuci celkové nizké (zelend), stfedni (Zlutd), vysoké (oranzovd) a velmi vysoké
(¢ervend) depozi¢ni trovni spadt 22 prvki v CR (zény I-1V). Patrné jsou 3 nejvyznamnéjsi oblasti CR s nejvy$$im
bioindikovanym pramérnym spadem sledovanych prvka (z6na IV):

1. Severozdpadni Cechy v oblasti Podkrusnohorského hnédouhelného reviru. Oblast byvalého tzv. Cerného
trojuhelniku I je ovlivnéna hlavné vysokou pidni a primyslovou prasnosti v diisledku téZby hnédého uhli a jeho
spalovdni v elektrdrndch a primyslovych topenistich.

2. Severovychodni Morava ptedeviim v oblasti Frydeckomistecka. Oblast tzv. Cerného trojthelniku 1T (Markert et
al. 1996) je pod vlivem zvySeného spadu primyslového prachu z provozoven metalurgickych a strojirenskych
podnikii v¢etné pramyslového zpracovdni a spalovdni uhli a spadu distic padnich pokryvii uvoliovanych
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v duasledku terénnich praci, tézby a zpracovani cihldiskych hlin, sklddkovdni materidlii a velké hustoty pozemni

dopravy.

3. Jihovychodni Morava, mélo priimyslovd a intenzivné zemédélsky vyuZzivand oblast. Uvedeny region je nejvice
postizeny spadem 22 sledovanych prvka jako dasledek vysoké vétrné eroze zornénych ptadnich pokryvii na
predev$im jilovitych sedimentech karpatského flySe. Prestoze se nejednd o depozice z primyslovych zdroji
znelistovani ovzdusi, vysoké trovné spadu litofilnich prvkii patii k realit¢ mistniho depozi¢niho rezimu. Bez
odlesnén{ a zornén{ tGzemi{ Clovékem by nedolo k tak velkym trovnim spadt sledovanych prvki. Jednd se
o nejvétsi oblast zény nejvyssi Grovné spadu litofilnich prvki v CR. Variabilita Grovni jejich spadu zdvisi na
pocasi (rychlosti vétru, teplota, destové thrny) a zpisobu vyuzivdni krajiny ¢lovékem (mira odlesnéni
a zornéni). Vysokd droven spadu prachu zasahuje s nejvét$i pravdépodobnosti na sousedn{ tzemi na Slovensko
a Rakousko, takze lze tento velky hot spot na trojmezi povaZovat za “Prasny trojthelnik”. S globdln{ zménou
klimatu (pfipadnd aridifikace, rist Cetnosti velkych rychlosti vétru) mizeme predpoklddat rozdifovdni jeho
vlivu.

Do zény nejvys$$i depozi¢ni zdtéze 22 prvka (zéna IV) spadd i okoli Frydlantu (vliv téZby uhli a provozovani
elektrdrny Turéw na polské strané Cerného trojihelniku) a Kladna (vliv prasnosti hald v byvalém pramyslovém
komplexu).

Do zény relativné vysoké trovné spadu sledovanych prvkii (zéna III) spadd tGzemi mezi Pardubicemi, Ceskou
Ttebovou a Skutdi (¢innost strojirenského pramyslu, vyroba skelnych vldken, provoz elektrirny a spaloven odpadi,
koncentrace pozemni dopravy). Ostatni jednotlivé lokality jsou ovlivnény méstskym, primyslovym a plidnich
prachem (monitorovaci plochy 8-01; 77-01), priimyslovym a piidnim prachem (29; 33) a ptdnim prachem (34-01;
54; 68; 72-01; 83-02, 156).

3.2.2 DALKOVY PRENOS PRVKU ZNECISTUJICICH OVZDUSI

Zjiseénd distribuce obsahu prvkii v mechu na relativné malém tzemi CR dovoluje zjistit trajektorie ptenosu
znecisténého ovzdusi pouze v okoli domdcich zdroji a nikoli od vzddlenych emisnich zdrojii. Presto izoliniové mapy
ukazuji, Ze pfenos zneciSténého ovzdusi (napt. Be, Ce, Ga, La, Li, Pr, Rb, Se Sr a Y) probih4 pfes hranice CR do
Saska a Polska napf. v severozipadnich Cechdch. Naopak z Polska na Frydlantsko, do Jizerskych hor a zépadnich
Krkono$ dochdzi k transportu napt. Ba, Ga, La, Th, Y a dalsich litofilnich prvkii. V oblasti Cerného trojthelniku II
dochdzi k vzdjemnému pfenosu aerosolu s obsahem chalkofilnich prvkil (napt. Ag, Be, Bi, In, Sn), méné litofilnich
prvkii mezi CR a Polskem. Transport emisi vizanych na hrubé pevné aerosoly z CR na Slovensko je mnohem mens{
z diivodu bariérového efektu Beskyd. Intenzivni transport litofilnich prvka pf. Ba, Be, Ce, Ga, La, Li, Sr, Th, Ua Y
diky lokdlni geomorfologii Gizemi (Videtiskd bréna) a prevlddajicim sméram vétru lze predpoklddat piedeviim z CR
do Rakouska a ponékud méné na Slovensko. V mensi mife pravdépodobné dochdzi i k transportu erodovanych
prasnych ¢dstic z Rakouska a Slovenska na jihovychodni Moravu. Transport hrubych, rychle sedimentujicich éstic
probihd na relativné krétké vzddlenosti.

Podél hranice CR je na nékolika mistech bioindikovdna vysokd depozi¢ni tiroveri Cs a Rb, kterd bude nejspise
zji§téna i za hranici CR. Pravdépodobné zvysené obsahy prvkii z mate¢né horniny vstupuji do kolobéhu litek
mistniho lesniho ekosystému. Dle etnosti sméru a rychlosti vétru v danych mistech lze uvazovat o mife transportu
erodovaného opadu a humusu pres hranice sttd.

Slouceniny dusiku vdzané na erodované piidni ¢dstice budou transportovény spolu s litofilnimi prvky, jak bylo
naznadeno vyse, plynné slouceniny dustku pak z hot spot mohou byt snadno transportoviny na mnohem vétsi
vzddlenost.

2.3.2.3 KORELACE OBSAHU PRVKU V MECHU

Védina z 22 sledovanych prvka je litofilnich, proto téméf pro vSechny kombina¢ni dvojice prvki lze najit
pritkazné kladné korelace pro jejich obsahy v mechu. Nejtésnéji korelovaly obsahy Pr, Th a Y. Zajimav4 je pomérné
tésnd a pozitivni korelace pro obsah N, S a Cu zjiStovand v éeskych biomonitorovacich programech opakované.
Variabilita obsahu Cs, Rb, Mn a Sb v mechu vykazuje slabou korelaci s obsahem ostatnich prvka nebo md tendenci
k zdpornym korelacim. Kompletni koreladni matrice a diskuse vysledkd korela¢ni analyzy véetné 14 povinné
sledovanych prvki byla publikovdna v praci Suchara et al. (2007).

Korelaén{ koeficienty byly pouzity jako kriterium podobnosti akumulace prvkii v mechu v podminkéch CR.
Vysledky shlukové analyzy pro variabilitu obsahu 22 prvka v mechu jsou uvedeny na Obr. 25. Na obrézku jsou
patrné nésledujici shluky prvka: (Ce, Pr, La, Y, Th, U, Li, Ga, Be), (Cs, Rb, TI), (Ba, Sr, Mn), (Sn, Sb, Ag, In, Bi,
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Se, N). Prvni 3 skupiny tvofi pfevdiné litofilni prvky podobnych vlastnosti ptivodem z pudnich pokryvi, posledni
skupinu tvoii pfevdzné chalkofilni prvky emitované z pramyslovych zdroji zneistovdni ovzdusi.

Vysledek shlukové analyzy pro variabilitu obsahu vech 36 prvka zji§tovanych v mechu (Obr. 26) ukazuje
nésledujici hlavn{ shluky prvki: (Mn, St, Be), (N, S, Cu), (Ni, Cr, Co, Hg, Be, As), (U, Th, Y, La, Pr, Ce, Fe, V, Li,
Ga, Al), (T1, Rb, Cs), (Sn, Sb, Se, Zn, Mo, In, Bi, Cd, Pb, Ag). Vysledek a rozdélen litofilnich a chalkofilnich prvki
je podobné jako v ptedeslém pripadé 22 prvki.

Vysledky shlukové analyzy pro 14 povinné sledovanych prvki je k dispozici v prvnim dile ndrodni zprévy
(Sucharovd et Suchara 2004a). Shlukovd analyza pro obsahy 44 prvki zji§tovanych v mechu ze Slovenska v roce 2000
byla publikovéna v prici Suchara et al. (2007).

2.3.2.4 ANALYZA HLAVNICH KOMPONENT

Analyza hlavnich komponent byla pouzita pro primdrni (nestandardizovand) analytickd data zjiSténych obsaht 22
nepovinné sledovanych a vsech 36 (povinné a nepovinné sledovanych) prvka v 250 reprezentativnich vzorcich
mechu. Bylo indikovdno maximdlné pét vyznamnych faktort vysvétlujicich vyznamné variabilitu obsahu 22
sledovanych prvki v mechu. Variabilita obsahu 22 prvka v souboru vzorkii mechu byla vysvétlena piisobenim
(zatiZen{ = 0,700) nésledujicich faktorii:

Faktor I,y Be, Ce, Ga, La, Li, Pr, Th, U, Y, (vysvétlend variabilita 9.1 %).
Faktor IL,;: Sb, Sn, (vysvétlend variabilita 6 %).

Faktor III,;: Cs, Rb, (vysvétlend variabilita 2.4 %).

Faktor IV y: Ba, (vysvétlend variabilita 2.2 %).

Faktor Va,: N, (vysvétlend variabilita 1.7 %).

Faktory nelze specifikovat, jednd se o cely komplex vlivii spojenych s emisi prvkit do atmosféry, jejich
transportem, distribuci jejich spadu a ptfjmem prvki mechem z depozitu. Prvni faktor vysvétluje variabilitu obsahu
pfevdzné litofilnich prvkii v mechu, které ve vysledku shlukové analyzy byly pfifazeny k velkému shluku prvka na
Obr. 26 vlevo. Faktor Fl,; miiZe byt identifikovdn jako atmosféricky spad erodovanych ptdnich ¢dstic. Tento faktor
plisobi hlavné v oblasti jihovychodni Moravy a méné intenzivné v Podkrusnohorském hnédouhelném reviru a jeho
vliv z polské ¢4sti hnédouhelného reviru doznivd na Frydlantsku.

Druhy faktor FII,, kontroluje variabilitu obsahu chalkofilnich prvk v mechu. Dal$i chalkofilni prvek Ag byl
tésné pod limitem zatiZzeni. Druhy factor lze spojovat s emisemi z provozii nezelezné metalurgie a jejich spole¢né
$iteni a depozice v CR. Hlavnim mistem ptisoben{ FIl,; je P¥ibramsko, méné severovychodni Morava.

Faktor FIII,; vysvétluje hlavné variabilitu distribuce obsahu Rb a Cs v mechu. Oba chemicky podobné prvky se
vyskytuji spole¢né (mohou se zastupovat) ve slozkich Zivotniho prostredi. Faktor lze ztotoZnit s pfirozenym vstupem
(bioadsorpci) Rb a Cs do bioty v mistech jejich zvyseného geogenniho vyskytu a zvysenému vstupu do kolobéhu ldtek
mistniho lesniho ekosystému. Faktor ptsobi hlavné v mistech vyznacenych na vloZené barevné mapé distribuce
zdt&zovych tiid (I-IV) jako lokéln{ hot spoty Rb a Cs (zulové plutony Ceského masivu, ¢asto v pohrani¢nich horach).

Faktor FIV; kontroluje hlavné variabilitu typického litofilntho prvku Ba, ktery se chemickymi vlastnostmi
a distribuci v sedimentech a uhli odliSuje od skupiny litofilnich prvkd kontrolovanych prvnim faktorem. Faktor
pusobi pfedevim na terciérnich sedimentech, hlavné karpatského flyse.

Posledni faktor FV,, kontroluje variabilitu obsahu celkového N v mechu. Emisn{ a depozi¢ni poméry plynnych
a na pevné aerosoly vdzanych forem N jsou zna¢né odli$né od zbyvajicich sledovanych prvka. Faktor puasobi
v oblastech koncentrace zemédélské vyroby, primyslovych topenist a dopravy.

Vysledky faktorové analyzy pro 14 povinné sledovanych prvki uvddi Sucharovd et Suchara (2004a). Analyza PCA
pro povinné a dobrovolné sledovanych 36 prvka dala tyto vysledky:

Faktor Is6: Al, Be, Ce, Fe, Ga, La, Li, Pr, Th, U, V, Y, (vysvétlend variabilita 11.5 %).
Faktor I1s¢: Pb, Sb, Sn, (vysvétlend variabilita 2.9 %).

Faktor Il Cd, Zn (vysvétlend variabilita 5.0 %).

Faktor IVsg: Cs, Rb, (vysvétlend variabilita 2.5 %).

Factor V3¢ Cu, N, S (vysvétlend variabilita 4.7 %).
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Vysledek PCA je podobny jako v pfedeslém pfipadé, pouze pocet prvki ve skupiné litogennich (FI), chalkofilnich
(FII) a atmo-litogennich (FV) je véw{ a faktor FIV, kontrolujici obsah Ba v mechu byl nahrazen faktorem FIIls
kontrolujicim chalkofilni prvky Cd, Zn emitované hlavné z provozi nezelezné metalurgie.

2.3.2.5 VLIV MATECNYCH HORNIN

Byly testovdny hlavni{ proménné prostiedi, které by podstatné vysvétlovaly distribuci obsahu prvka v mechu,
a tim i distribuci trovni jejich spadii v krajiné CR. Typy mateénych hornin byly prvni testovanou proménnou.
Prestoze mechy nemaji kofeny umoziiujici ptfjem prvkd z pldnich pokryvi, kontaminace mechu erodovanymi
Asticemi pid a humusu na mistnich mate¢nych horninich mohou ovlivnit prvkové slozeni mechu (Niskavaara et
Lehmuspelto 1992, Steinnes 1995, Berg et al. 1996, Ayrﬁs etal. 1997, Bargagli et al. 2002, Tamminen et al. 2004).

Listy geologické mapy (CGU 1988-1996) v mistech 250 monitorovacich ploch zobrazuji vice nez 96 druhi
mate¢nych hornin, ale analyzy hornin v mistech monitorovacich ploch nejsou k dispozici. Proto mate¢né horniny
mapované na monitorovacich plochich byly za pomoci odbornika (Dr. Adamovi, CGS) rozdéleny podle
pfedpoklddanych podobnych chemickych vlastnosti a oéekdvaného obsahu sledovanych prvki do nésledujicich Sesti
skupin (I-VI):

Geology 1 Zivinami chudé silné¢ kiemicité horniny a sedimenty (53 ptipadi).
Geology 11 Vipnité horniny a sedimenty (32 ptipadi).
Geology IIT Barevné sedimentované horniny bohaté na Fe a Mn (44 ptipadt).
Geology IV Zivinami chudé vyvielé granitoidn{ horniny (80 ptipadt).
Geology V Stfedné Gzivné vyvielé a metamorfované sedimenty (31 ptipadt).
Geology VI Bohaté bazické az ultrabazické vyvieliny (10 ptipadutr).

Nebyla zjisténa vyznamnd korelace mezi nadmotskou vyskou, dvouletym Ghrnem destovych srizek (1999-2000),
podilem zalesnénych a urbanizovanych ploch kolem monitorovacich ploch a vyskytem uvedenych skupin hornin.

Tabulka 21 poskytuje parcidlni korelaéni koeficienty pro korelace obsahu prvka v mechu a uvedené skupiny
mate¢nych hornin. PfestoZe lokdlné miiZze mate¢nd hornina ovlivnit prvkové sloZzeni mechu, pro celkovy soubor 250
vzorkdl nebyla zjiSténa statisticky vyznamnd korelace obsahu prvkd v mechu na skupinich mate¢nych hornin
s vyjimkou (Ag—Geol V, Bi—Geol VI, Se—Geol I a TI-Geol I) a negativni korelace (Sb—Geol VI). Uvedené korelace

jsou relativné slabé a mtizeme je povazovat spise za ndhodné.

2.3.2.6 FAKTORY NABOHACENI PRVKU
K posouzen{ podilu spadu prvkil (zachyceny napft. bioindikdtory) z antropogennich emisnich zdroji se nékdy
pouzivaji tzv. faktory nabohaceni (EF) definované ndsledovné:

EF = (Ce m/CA] m) / (Cc cc/CAl.ec), kde

Cew je obsah daného prvku ve vzorku mechu (pg.g?).

Caim je obsah hlinfku v daném vzorku mechu (pg.g™).

Ce je praimérny obsah prvku v kontinentdln{ zemské kife (pg.g?).

Chte je primérny obsah hliniku v kontinentdln{ zemské kafe (84 000 pg.g™).

Jako referen¢ni prvek (relativné maly a stdly pomér antropogenné ku pfirozené emitovanému mnozstvi prvku) byl
zvolen hlinik, ale n¢kdy se uzivaji i jiné prvky (Ti, Zr, Li, prvky vzécnych zemin atp.) Hodnoty EF vypoctené pro
jednotlivé prvky mimo dusik a monitorovaci plochy a primérné hodnoty EF jsou k dispozici v Pfiloze — Tabulka 3.
Zakladni statistické tidaje o vypoctenych EF poskytuje Tabulka 22.

Malé hodnoty nabohaceni obsahu prvki v mechu (EF < 10) byly zjistény pro Ba, Be, Ce, Ga, In, La, Li, Pr, Sr,
Th, U a Y. Véwi nahromadéni v mechu proti zemské kite (EF = 10-100) pozorujeme pro Ag, Bi, Cs, Rb, Sn a TL.
Velmi podstatnd akumulace v mechu byla vypoctena pro Mn, Sb a hlavné Se (EF > 100). Pti¢inu nabohacovini Rb
a Cs v mechu nespatfujeme v antropogennim, ale pfirozeném zvySovédni vstupii téchto prvkd z ptdy do opadu
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a kolobéhu lesa). Priciny velkého nabohacovini Sb a Se v mechu nejsou presné zndmé, ale podobné zjisténi
publikovali napt. Chiaremzelli et al. (2001) z Kanady. Z povinné sledovanych prvka (Sucharovd et Suchara 2004a)
nejvyssi nabohacovani v mechu vykazovaly Cd, S a Hg.

Na monitorovacich plochdch ve zneli$téném a pra$ném prostiedi (plochy 77-01, 149-01, 159-02, 48, 175-01,
99, 141-02, 23, 45, 24-01) byly koeficienty nabohacen{ prvku relativné malé a téméf vzdy mensf nez EF v relativné
¢itém a horském prostiedi (plochy 47, 5-02, 56, 111, 1, 11-01, 8-01, 44, 169, 11).

Reimann et de Caritat (2005) zjistili napf. malé hodnoty EF v mechu pro olovo (Pb/Al) v pramyslovych
a urbanizovanych oblastech a vy$${ hodnoty v nedotéené krajiné poloostrova Kola. Zaroven uddvaji nejvyssi pramérné

nabohaceni pro Se, Ag, Cd (EF 50-100), stfedn{ pro Cu, Sb a As (EF kolem 10) a 74dné nabohaceni (EF kolem 1)
pro T1, V a Cr. Reimann et de Caritat (2000) zdroveri nepovazuji EF za vhodny indikdtor antropogenniho znecisténi
mechu, protoze koncentrace “referenéniho” prvku neni ve slozkdch prostfedi stdld a je ovlivnéna fadou pfirozenych
pochodii. Jako vhodnéjsi indikdtor antropogenni kontaminace navrhuji pomér (roéni tézba prvku : celkové zdsoby

lozisek prvku).

2.3.2.7 VLIVY NADMORSKE VYSKY

Bylo zji$téno, zZe obsah nékterych prvki v mechu koreluje s nadmotskou vyskou mist riistu mechu (napt. Krdl et
al. 1992, Soltés 1998, Zechmeister 1995b).

Nadmoiskd vyska monitorovacich ploch v CR se pohybovala v rozmezi 160-930 m n.m., hodnota medidnu byla
460 m n.m. a modu 450 m n.m.

Vypocet prosté korelace mezi obsahem prvkd v mechu a nadmofskou vyskou monitorovacich ploch ukédzal
zddnlivé vyznamnou zdpornou korelaci pro obsahy (Be, Ce, Cs, Ga, La, Li, Pr, Sr, Th a Y) a kladnou korelaci pro
obsah Ag, N a Tl (Tabulka 23 vlevo). Bylo viak zjisténo, Ze v CR korelujf statisticky vyznamné s nadmofskou vyskou
(Altitude) 1 srazkové Ghrny (Precipitation r = 0.58), podil urbanizovanych ploch (Urbanised r = -0.19) a podil
lesnatych ploch (Wooded r = 0.55) v okoli monitorovacich ploch. Vypocet parcidlnich korelaci obsahu prvki v mechu
na nadmofiské vysce eliminujici vliv vy$e uvedenych proménnych ukdzal, Ze obsah Be, Ce, Ga, In, La, Li, N, Pr, Se,
Th, U aY v mechu koreloval vyznamné a negativné a obsah Cs a Rb pozitivné s nadmotskou vyskou (Tabulka 23
vpravo). Vysvétleni pro prvni skupinu pievdzné litofilnich prvkd miZeme hledat v poklesu obsahu rychle
sedimentujicich hrubych &stic prachu v ovzdusi s nadmotskou vyskou nebo u chalkofilnich prvki v poklesu hustoty
emisnich zdroji s nadmotskou vyskou. V ptipadé Rb a Cs napt. vétdi frekvenci vyskytu mate¢nych hornin s vy$$im
obsahem Cs a Rb ve vét§{ nadmotské vysce. OvSem obsahy prvkd v mechu vSak nekorelovaly s definovanymi
skupinami hornin (viz Kap. 2.3.2.5).

Zévislost obsahu povinné sledovanych prvkd v mechu na nadmotské vysce uvddi Sucharovd et Suchara (2004a).

2.3.2.8 VLIVY SRAZKOVYCH UHRNU

Mnozstvi srdzkovych Ghrni ovliviiuje velikost mokré atmosférické depozice prvki. Protoze analyzovany mech byl
exponovan mokré depozici po dobu 2-2,5 rokd byly zjistény srdzkové thrny pro jednotlivé monitorovaci plochy za
obdobi 1999 a 2000 z map interpolovanych ro¢nich srézek(CHMU 2000-2001). Dvouleté srézkové thrny se
pohybovaly v rozmezi 900-1 900 mm s primérem 1 300 mm.

Byla zjisténa prostd korelace obsahu prvka v mechu na dvouletych thrnech srdzek. Vyznamné kladné koreloval
obsah Ag, Ba, Bi, Cs, Mn, Rb, Se, Sr a Tl v mechu s dvouletymi thrny srézek. Bylo v8ak potieba eliminovat vliv
spolupiisobicich proménnych (nadmofskd vyska, vyméra urbanizované a zalesnéné plochy) vyznamné korelovanych
s Ghrny srdzek. Zjisténi parcidlnich korela¢nich koeficientd ukdzalo, ze obsahy Ag, Ba, Bi, Cs, In, N, Rb, Se, Sn, Th
a Tl v mechu vyznamné a pozitivné korelovaly s dvouletymi thrny srdzek. Priikaznd negativni korelace byla zjisténa
pro obsah Mn (Tabulka 23).

Zjistén{ lze vysvétlit zvysujici se atmosférickou depozici prvkd s rostoucim tthrnem srédzek. V pfipadé Mn miiZe jit
o vyluhovén{ prvku z mechu de$tovou vodou.

Zévislost obsahu povinné sledovanych prvki v mechu na dvouletém srdzkovém dhrnu uvddi Sucharovd et

Suchara (2004a).
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2.3.2.9 VLIVY GEOMORFOLOGIE
Byl sledovdn vliv umisténi monitorovaci plochy v relativni vysce terénu, orientaci plochy k hlavnim svétovym
strandm a expozici k pfevlddajicimu sméru vétru na obsah prvkd v mechu.

a) Poloha k relativni Grovni terénu

Umisténi monitorovaci plochy bylo pfifazeno k ndsledujicim kategoriim relativni vysky terénu: Planina (Planes,
91 piipad), vyvysenina alespont 10 m nad primérnou trovni terénu (Protuberances, 88 ptipadil), terénni deprese
alespori 10 m pod priimérnou drovni terénu (Depressions, 46 ptipadi), ndhorni ploSiny v okoli vrcholi lokdlnich
dominantnich vyvySenin (Plateaus, 25 ptipadii). Umisténi monitorovaci plochy v relativni vysce terénu prekvapivé
nemélo vyznamny vliv na obsah prvkil v mechu. Pouze obsah Ag a Bi vyznamné negativné koreloval s vyskytem
mechu na planiné a pozitivné s vyskytem mechu na vyvySeniné. Pravdépodobné se jednd o nihodné korela¢ni
z4vislosti. Na monitorovacich plochich umisténych na vyvySenindch vSak priikazné klesal obsah Ce, La, Pr a Y
v mechu. Pokles obsahu téchto typicky litofilnich prvkil na vyvySenindch lze vysvétit poklesem obsahu padniho
prachu v ovzdusi nad priimérnou trovn{ terénu. Na vyvySenindch vSak dochdzelo k prikazné vy$$i akumulaci Sb a Se
v mechu. Sb a Se mohou byt vdzdny na jemnéjsi aerosolové ¢dstice vystupujicich v ovzdusi do vési vysky, a kreré se
lépe usazuji kolem vrchola vyvysenin.

Vliv uvedenych kategorif relativni vysky terénu na obsah povinné sledovanych prvkii v mechu uvddi Sucharovd et
Suchara (2004a).

b) Vliv orientace ke svétovym strandm

Orientace svahid o sklonu alespori 5° s monitorovacimi plochami byla hodnocena podle kvadrantu azimutu ke
svétovym strandm ndsledovné: sever (316-45°, 25 ptipadt), vychod (46-135°, 34 ptipad®), jih (136-225°, 29
ptipadu), zdpad (226-315°, 45 ptipadu), rovina bez orientace (117 piipadi).

Obsah prvkia mechu velmi malo zdvisel na orientaci monitorovacich ploch. Obsah Ag vyznamné negativné
koreloval s rtistem mechu na roviné a kladné s riistem na svahu, nejvice s vychodni orientaci. MizZe jit o ndhodnou
korelaci nebo efekt véts{ eroze a roznos &astic lesniho humusu.

Obsah Mn, Rb a Se v mechu byl priikazné vys$$i na jiznich svazich snad v dasledku mensiho vyluhovdni mechu
destovymi srdzkami. Obsah In a Sb v mechu byl priikazné nejvyssi na plochdch orientovanych k zdpadu snad jako
diisledek obyéejné ndvétrné polohy.

Rozdilné mikroklima na rtzné orientovanych svazich maze ovlivnit i fyziologii mechu, a tim i pijem prvka
z depozice.

Zévislost obsahu povinné sledovanych prvkit v mechu na orientaci svaht je uvedena v prvni &dsti zprdvy
(Sucharovd et Suchara 2004).

¢) Expozice k vétru

Expozice monitorovaci plochy k vétru byla stanovena podle vétrné ritzice frekvence a intenzit vétru pro danou oblast
uvedenou v Atlase podnebi CSR (Vesecky et al. 1956) a expozice svahit zjisténé v predeslém odstavci. Byly zavedeny
nasledujici kategorie expozic monitorovacich ploch k prevlddajicimu sméru vétru: ndvétrnd poloha (38 ptipadi),
zévétrnd poloha (52 piipadi), nevyhranénd poloha (160 piipadd).

Obsah chalkofilnich prvka Ag, Sb a Sn prikazné pozitivné a obsahy litofilnich prvka La, Li a Sr negativné
koreloval s pozici monitorovacich ploch na ndvéerné strané

Mize jit o disledek nizstho obsahu prachovych ¢&istic s litofilnimi prvky v ovzdusi ve véeich vyskdch nad
pramérnou Urovni terénu, a tim men${ depozici prachu na vyvySené ndvétrné svahy. Chalkofilni prvky vdzané
v atmosféfe na men${ aerosoly relativné hojnéji zastoupené ve vétsi vysce vzduchu a snadnéji vétrem a de$tém
uklddané na ndvétrné svahy.

Z povinné sledovanych prvkit mélo pouze olovo vyznamné véti tendenci hromadéni v mechu na ndvétrnych
strandch svahii (Sucharovd et Suchara 2004a).

2.3.2.10 VLIVY ODLESNENI KRAJINY

V mapé podrobného méfitka byla zjisténa velikost lesa, ve kterém byla umisténa monitorovaci plocha a v okruhu
5 km kolem monitorovaci plochy celkovd pokryvnost lesti s pfesnosti na 5 % a byly zavedeny nésledujici kategorie
stupnll lesnatosti krajiny: zalesnéni{ 1 (Wooded 1, 0-25 %, 41 ptipadt), zalesnéni 2 (Wooded 2, 26-50 %, 76
ptipadt), zalesnéni 3 (Wooded 3, 51-75 %, 76 piipadi) a zalesnéni 4 (Wooded 4, 76-100 %, 57 ptipadil). Lesnatost
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pritkazné koreluje s nadmotskou vyskou a ro¢nimi srdzkovymi thrny), jejichZ vlivy je tfeba v korela¢ni analyze
odstranit.

Bylo zjisténo, Ze obsah vétsiny prvkil v mechu roste s poklesem vyméry lesa, ve kterém je monitorovaci plocha
umisténa nebo poklesem vyméry lesti v okruhu 5 km kolem mista riistu mechu. Opa¢né nejniz$i obsahy prvka
v mechu byly zjidtény v nejvétsich lesich nebo v krajiné s nejvétsi vymérou zalesnéni v okruhu 5 km kolem mista
ristu mechu. Obsah Be, Ce, Cs, Ga, In, La, Li, Mn, N, Sr, Th, U a' Y v mechu byl prikazné nejvyssi pro kategorii
zalesnéni 1. To lze vysvétlit klesajici schopnosti lesa filtrovat pevné aerosoly z ovzdudi s poklesem velikosti lesa.
Naopak obsah Ag, Cs, Rb a Tl v mechu roste s velikosti lesa. MiiZe jit o vliv intenzivniho zachycovani suché depozice
téchto prvka jehli¢nany a smyvdn{ depozitu de$tém a zachycovani v lesnim humusu, nebo zvy$enym pfijmem téchto
prvkd stromy z pidy a akumulaci prvkil v opadu. Erozi jsou ¢istice humusu s uvedenymi prvky rozdifovdny po lese
a jsou adsorbovédny ve vét${ mife na mech.

Obsah Ba, Ga, In, N, Sr, U a Y vyznamné a negativné koreloval s vymérou lestt v okruhu 5 km kolem mista ristu
mechu a obsah Rb v mechu s ristem lesnatosti koreloval pozitivné (Tabulka 24). Pfiliny jsou stejné jako v piipadé
vlivu velikosti lesa.

Obsahy 14 povinné sledovanych prvkl v mechu vyznamné a pozitivné korelovaly s vymérou lesii a lesnatosti
kolem mista riistu mechu (Sucharovi et Suchara 2004a).

2.3.2.11 VLIVY URBANIZACE KRAJINY

Z map podrobného méfitka byla zjiSténa s presnosti na 10 % relativni vymeéra urbanizované plochy véetné
intravildnu vesnického typu zdstavby v okruhu 5 km kolem monitorovacich ploch. Podle metodiky biomonitorovaciho
programu, Z4ddnd monitorovaci plocha v$ak nebyla umisténa blize nez 300 m od nejblizsiho obydleného domu
(topeniste). Byly zavedeny nésledujici dvé kategorie pro urbanizaci krajiny: urbanizovdno (Urbanised, alespon 30 %
plochy v 5 km okruhu je urbanizovdno, ptevdzné méstskym nebo piiméstskym typem zdstavby, 23 ptipadd)
a neurbanizovdno (Rural, relativni vyméra zdstavby, obycejné venkovského typu, nepfeshla 30 % plochy, 227
piipada).

Byla zji$téna prostd pozitivni korelace pro obsah Ag, Ba, Be, Bi, Ga a In v mechu s urbanizaci okolni krajiny.
Protoze urbanizace byla vyznamné negativné korelovdna s nadmotskou vyskou, lesnatosti a srdzkovymi thrny, byla
pocitdna parcidlni korelace obsahu prvkil a urbanizace bez spoluptisobeni vyse uvedenych proménnych. Ukdzalo se,
Ze pouze obsah Ag a Bi v mechu prikazné a pozitivné koreloval s urbanizaci okoln{ krajiny (Tabulka 24). Emisni
zdroje Ag a Bi v méstskych aglomeracich nebyly zjistovdny.

Pro obsahy povinné sledovanych prvkil v mechu byla zjisténa pozitivni parcidlni korelace obsahu Cd, Cr, Mo
a Zn s urbanizaci (Sucharova et Suchara 2004a).

2.3.3 ZJIISTENI ABSOLUTNI UROVNE DEPOZICNICH ZATEZI

Obsah prvka v mechu vyznamné koreluje s relativni mirou atmosférického spadu prvka. Hledaji se proto
moznosti, jak z obsahu prvkd v mechu spolehlivé odhadnout absolutni hodnotu ro¢ni atmosférické depozice.
Hodnoty vstupnich parametrii napf. obsahu prvkd v mechu béhem roku, obsah prvka v mechu v zdvislosti na
speciaci prvka ve spadu, pocasi, dynamice rastové rychlosti mechu ap. (napt. Berg et al. 2003, Wolterbeek et al.
2003, Zechmeister et al. 2003) mohou zna¢né kolisat, takze vypocty absolutnich spadi prvkdt mohou byt v dobré
shodé (e.g., Berg et al. 2003) nebo v neuspokojivé shodé (Poikolainen 2004) s naméfenymi tdaji spadi na méticich
stanicich. Presto absolutni depozi¢ni drovné se nejcastéji v biomonitorovacich programech podéitaji podle
ndsledujiciho vztahu:

D = CxB/E, kde

D je absolutni mira mokrého spadu se suchou depozici (bulk) daného prvku (pg.m?.year?).

C je aktudln{ obsah prvku v mechu (pg.gav.™).

B je ro¢ni produkce biomasy daného druhu mechu (gg...m?.year™).

E je t¢innost ptijmu daného prvku z atmosférické depozice mechem (% ve vyjddieni desetinného &isla).

Pramérnd ro¢ni produkce mechu Pleurozium schreberi byla zjisténa (Kapitola 2.2.6 a Sucharové et Suchara 2004a:
70) kolem 129 g,s.m?, pro dal$i vypocty byla pouzita hodnota 130 gy:.m? pro celé izemi CR. Koeficienty piijmu
prvka z atmosférické depozice mechem byly sledovény v letech 1999-2002 (Suchara et Sucharovd 2002-2003) ve
ttech oblastech CR s rozdilnym klimatem i atmosférickym spadem prvki porovndvinim obsahu prvki ve spadu
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zachyceném v kolektorech a v mechu. Pro fadu prvki, zvldsté povinné sledovanych, byly zjisténé koeficienty ptijmu
prvkd v dosti dobré shodé s publikovanymi tdaji (napt. Ross 1990, Thoni et al. 1996, Berg et Steinnes 1997b). Pro
nepovinné sledované prvky nebyly vétsinou k dispozici publikované tdaje o linnosti ptfjmu prvkd pro srovndni
vysledkii, které se liily pro méfen{ v raznych ¢dstech CR. Obecné byly v téchto métenich zjitény malé Géinnosti
pfestupu prvka z atmosférického spadu do mechu napt. pro Bi, Li, Sb, Se a Sn (E = 0,16-0,50), stfedni pro Be, Ce,
Ga, In, La, Pr, Th, Tla Y (E = 0,50-0,80) a vysoké pro Ag, Ba, Sra U (E = 0,80-1,00). Pro Cs, Rb a zvld$t¢ Mn se
ukdzalo, ze mech musi pfijimat uvedené prvky i z jinych zdrojui neZ jen z volné atmosférické depozice (E = 1,20—
7,60).

Pro usnadnéni odhadu absolutni depozice je v Tabulce 25 spoditdn koeficient Ki = B/E;, pomoci kterého se
absolutni trovné spadu vypoctou podle vztahu D; = CixKg. Pro nékteré prvky neni Gcinnost pfestupu do mechu
spolehlivé zndma. V takovych piipadech odhady absolutnich hodnot spadu prvki (depozice bulk) nejsou v Tabulce
26 uvedeny. Udaje v Tabulce 26 vSak mohou byt zatiZzeny velkou nejistotou (Sucharovd et Suchara 2004a).

Napt. porovndni obsahu jednotlivych forem dusiku v atmosférickém spadu (bulk) méfenych na 21 stanicich
s celkovym obsahem dusiku v mechu rostouciho v blizkosti méficich stanic ukdzalo, Ze obsah N v mechu koreluje
vyznamné a pozitivné s roénim spadem NH4-N, ale negativné se spadem NOs-N.

Vzhledem k nedostatku publikovanych vysledkt méfeni spadu nepovinné sledovanych prvk na méticich stanicich
odhady spadu téchto prvkii z vysledkii analyz mechu jsou prvnim odhadem depozic téchto prvkii na Gzemi CR.

2.3.4 TRENDY V ATMOSFERICKE DEPOZICI

Z CR nejsou k dispozici tidaje o obsahu nepovinné sledovanych prvki v mechu pied rokem 2000. Nelze proto
sledovat ¢asovy trend v obsahu téchto prvki v mechu na nasem tGzemi.

Pro CR jsou monitoroviny obsahy povinné sledovanych prvki od roku 1991 v 5 letych intervalech a obsah
vétsiny z uvedenych prvk v mechu se kazdych 5 let vyznamné snizuje (Sucharovd et Suchara 1998, 2004a).

Na tzemi jizniho Svédska jsou dlouhodobé sledovény (Berg et Steinnes 1997b) v mechu obsahy téméf 40 prvki
a ukazuje se, Ze obsah vétsiny prvk( v mechu vyznamné klesd béhem poslednich 25 let (1975-2000).

2.3.5 VYSLEDKY Z CR V EVROPSKEM KONTEXTU

Obsahy sledovanych prvkd v mechu jsou zjiStovdny v zahrani¢i zfidka a dasto metodou NAA, kreerd
pravdépodobné poskytuje vyssi vysledky, ne? je zjistovino metodou ICP-MS uzivanou napt. v CR. Presto v Tabulce
27-28 jsou pro srovndni uvedeny vysledky stanoveni nepovinné sledovanych prvkia v mechu z nékterych evropskych
zemi.

Publikovand data ukazuji ndrdst obsahu pfedev§im povinné sledovanych prvka v mechu od severn{ Skandindvie
po Mediterdn a od zdpadni Evropy po Evropu vychodni. Na tzem{ CR mech obsahuje priimérné 2—-5x vice prvkii
nez mech v severni{ Skandindvii. Hodnoceni obsahu povinné sledovanych prvkii v mechu v jednotlivych zemich
sttedni Evropy je uvedeno v Suchara et al. (2007). Udaje o obsahu nepovinné sledovanych prvkii v mechu jsou ve
sttedni Evropé k dispozici pouze pro tizemi CR a Slovenské republiky. Ukazuje se, e mech v CR obsahuje vétsinou
5-10x mens{ mnozstvi prvk{l nez mech ve Slovenské republice. Divodem muze byt vyssi depozi¢ni z4téZ, rozdily ve
vysledku stanoven{ prvkd metodou NAA a ICP-MS a rozdily v analyzovanych druzich mechu.

3 SOUHRN A ZAVERY

e Poprvé v biomonitorovacim programu CR v roce 2000 byly stanoveny obsahy nepovinné sledovanych
prvka (Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, N, Pr, Rb, Sb, Se, Sn, Sr, Th, T, U a Y). Vétinou se
jednd o typické litofilni prvky. Jejich obsahy v mechu byly zjiStény na 250 monitorovacich plochich
rozmisténych po celé CR.

e Zikladni statistické charakteristiky se uvidéji pro vysledky stanoven{ prvkii v celém souboru vzorkii z CR
a pro analyzy vzorkii z jednotlivych spravnich kraji CR.

o Ke kazdému sledovanému prvku jsou uvedeny zékladni informace o jeho vlastnostech a rozsifeni ve slozkdch
zivotnifho prostfedi. Na vlozenych barevnych bodovych a izoliniovych mapdch se uvddi rozlozeni obsahu
sledovanych prvkii v mechu na tzemi CR. Vyskyty ohnisek s vysokou nebo zvysenou akumulaci prvki
v mechu indikujici vysoké atmosférické spady téchto prvki a jejich potencidlni pficiny jsou komentoviny
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pro kaidy prvek. Emise sledovanych prvki nejsou evidoviny v emisnich registrech v CR s vyjimkou
sloucenin dusiku, takZe je obtizné identifikovat pfislusné emisni zdroje.

Vzorky mechu obsahovaly nejnizi mnozstvi sledovanych prvki v jihozédpadnich a jiznich Cechdch, zatimco
nejvy$$i akumulace sledovanych prvkdt v mechu byla zjiSténa na jihovychodni Moravé. Subjektivné
definované hladiny obsahu prvki v mechu vymezily v CR nésledujici zény s bioindikovanymi nejvy$simi
Grovnémi atmosférické depozice sledovanych prvki: tzemi diivéjitho Cerného trojthelniku (I), Cerného
trojthelniku IT a Gzemi jihovychodni Moravy predstavujici analogicky “Prasny trojahelnik”. Vyjma Ag, (Bi)
In, Sb, Se a Sn, hlavnim zdrojem zneéistovdn{ ovzdusi se jevi vétrem erodovany pidni prach. Ten je ve vétsi
mife erodovén v diisledku antropogennich ¢innosti (téZba surovin, zemni price, odlesnéni a zornén{ krajiny,
atp.) a primyslové spalovdn{ uhlf (rozlehld struskopopilkovd tloZiste).

Faktory nabohaceni (EF) 21 prvku v mechu normalizované pomoci obsahu Al byly vypocteny pro vSechny
monitorovaci plochy. Zhruba desetindsobnou kumulaci v mechu proti zemské kate vykazovaly Ag, Bi, Cs,
Rb, Sr a TI. Nejvétsi bioakumulace prvka (asi 100 ndsobnd) proti zemské kafe byla zjiSténa pro Mn, Sb
a hlavné Se. Nejmensi hodnoty EF byly dosahoviny v oblastech s vyraznym prasnym znecisténim, zatimco
nejvét$i hodnoty EF pro sledované prvky vykazovaly vzorky z mechu rostouciho prfevdzné v destivych
horskych oblastech CR.

Korela¢ni a shlukovd analyza ukdzala, Ze obsahy litofilnich prvkd v mechu spolu tésné koreluji. Velmi
podobnd variabilita obsahu prvkii v mechu byla zji$téna pro skupinu prvka Cs, Rb a Tl a pro Be, Sr a Mn.
Zbylé prvky (Sn, Sb, Ag, In, Bi, Se a N) mély odlisnou variabilitu obsahu v mechu nez prvky litofilni.
Uvedené skupiny prvka maji pravdépodobné odlisné emisni zdroje a odlisny pohyb ve slozkdch Zivotniho
prostiedi.

Ptes vyrazny vliv $ifeni pidnich ¢dstic vétrnou erozi obsah prvkis v mechu nekoreloval s definovanymi
6 skupinami mate¢nych hornin vyskytujicich se na monitorovacich plochdch. Bylo zjisténo pouze nékolik
ndhodnych korelaci obsahu Ag, Bi, Sb, Se a Tl s nékterou skupinou mate¢nych hornin. Pfestoze obecné
mate¢né horniny neovliviiovaly obsah prvkd v mechu na monitorovacich plochdch, v jednotlivych
ptipadech mtize mate¢nd hornina, napf. serpentinity, vyznamné ovlivnit obsah prvkt v mistnim mechu.

Byl testovdn vliv nadmotské vysky monitorovacich ploch, dvouletych srdzkovych thrnt, geomorfologie,
vyméry lesa a velikosti urbanizované plochy na obsah sledovanych prvkii v mechu. Byl zjistén prekvapivé
maly vliv geomorfologie a expozice odbérové plochy k pfevlddajicimu vétru na akumulaci prvkd v mechu.
Naopak obsah vétiny sledovanych prvka v mechu vyznamné a negativné koreloval s nadmotskou vyskou
monitorovacich ploch. Pozitivné koreloval jen obsah Cs a Rb a statisticky nevyznamné obsah Mn. Obsah
vétdiny prvkit v mechu nartstal se zvy$ujicim se dvouletych thrnem srdZek. Vyjimku tvofil Mn, jehoz
koncentrace v mechu statisticky vyznamné klesala s riistem srdzkovychi Ghrni. Pokles vyméry lest v okoli
monitorovacich ploch vyznamné zvySoval obsah vétdiny prvkd v mechu s vyjimkou Rb, pravdépodobné
vlivem poklesu filtra¢ni G¢innosti lestl. Ndrfist vyméry urbanizované plochy kolem monitorovacich ploch
prukazné zvySoval obsah Ag a Bi v mechu. Rust venkovského typu zdstavby pifi dodrzovdni distanéni
vzdélenosti 300 m pro odbér vzorkd mechu mél relativné maly vliv na obsah prvkil v mechu.

Mcéteni mokré atmosférické depozice se suchym spadem (bulk) pro vétsinu sledovanych prvki s vyjimkou
forem dusiku nejsou k dispozici. Odhad primérmé hodnoty ro¢ni atmosférické depozice 22 prvka
(ng.m?.rok) pro tzemi CR byl proveden na zikladé méfeni obsahu prvki v mechu, produkce mechu
a publikovanych tdajii o tcinnosti pijmu prvkt mechem z atmosférického spadu. Pro mnohé prvky vsak
nejsou spolehlivé zndmé koeficienty pfestupu prvkd ze spadi do mechu a odhady absolutnich spadt nelze
ovéfit vysledky nezdvislych méfeni na stanicich. Odhady spadu celkového atmosférického dusiku nebyly
viak ¢asto v uspokojivé shodé s tdaji spadt bulk zjisténymi na stanicich.

Zjisténé obsahy sledovanych prvkd byly porovndny s dostupnymi ddaji z jinych evropskych zemi.
Porovnédni ukazuje na trend narlistdni{ obsahu prvkd v mechu od arktickych oblasti Skandindvie po
Mediterdn a ve stfedni Evropé od zdpadu k vychodu. Obsahy Ag, Ba, Be, La, Mn, Se, St, Th a Y, v mechu
na naSem tzemi jsou srovnatelné s obsahy v severni Evropé, ale aktudlni obsahy Bi, Sb, Tl a U jsou v mechu
v CR 2-3x vy$i. Naopak obsahy prvki v mechu jsou v CR 2-3x nizf neZ v jizni Evropé a nékolikandsobné
niz$i nez bylo zjisténo na Gzemf{ Slovenské republiky. Pfes snahu standardizace biomonitorovacich postupt,
metodické rozdily v ndrodnich biomonitorovacich programech (maly pocet dilé¢ich vzorkd, zpracovéni jen
male 4sti vzorku a analyza nehomogenizovaného vzorku, myti a nemyd vzorka, uZiti totdlnich
a subtotdlnich rozkladt atp.) mohou podstatné ovlivnit vysledky méfeni a vést k nesprdvnym zdvérim
o distribuci atmosférického spadu.
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e Zjisténé tfi nejvyznamnéjdi oblasti zvyseného atmosférického spadu sledovanych prvkii by mély byt brany
do tvahy z hlediska vlivu na zdravi a Zivotni prostfedi. Negativni vliv eutrofizace na stabilitu a pokles
biodiverzity citlivych ekosystémi v CR pokrauje. Zneisténi slozek zivotniho prostiedi spadem casto
toxickych a rizikovych prvkd v mistech hot spotl nemusi zddnlivé ovliviovat biotu a lidské zdravi.
Vzhledem k nedostate¢né znalosti synergistickych déinkd sledovanych prvkil, méla by byt v hot spotech
s vysokou pldni a priamyslovou pra$nosti dodrzovdna pravidla pfedbéiné opatrnosti, alespori zvysend
osobn{ hygiena, myti syrové zeleniny a ovoce z mistnich zdroji atp.

e  Pro posunuti hranic pozndni v oblasti bioindikaci zdrojii znecistovan{ ovzdusi nepovinné sledovanymi prvky,
jejich $ifeni, depozici a Gcinka ve stfedni Evropé je Zddouci sledované prvky zahrnout do mezindrodniho
biomonitorovaciho programu.

4 PODEKOVANI

Autofi jsou zavdzani technickému kolektivu pracovnikti oddéleni biomonitoringu VUKOZ, jmenovité Bc. Dagmar
Bendcanové, Ing. Iloné Semorddové, Libusi Kuderové a Helené Burlatové za jejich technickou a analytickou pomoc pfi
zpracovan{ a analyze vzorki v letech 2000-2002.

Dékujeme Ministerstvu zivotniho prostiedi jednak za podporu poskytnutou grantu VaV/640/01/00 na realizaci
ndrodntho biomonitorovacitho programu v roce 2000-2002 a za finanéni podporu na vyddni této 2. &dsti Ceské
ndrodni zprévy o vysledku biomonitoringu tiskem v roce 2007.

V neposledni fadé jsme vdé¢ni panu Robinu Healeyovi za revizi a dpravy anglického jazyka v rukopise
predklddané zpravy.

156



7 APPENDIX — PRILOHY



Acta Pruhoniciana 87, 2007

[P}
o) ) = — ) — 2
() RS § - = E 2 =]
sy | g0 | EC | §F = % 8§ SEE| By | 58 S g
g3 =N N £ E 4 L E & E 3 R g2 3 54
- = R=EN B0, = g £ s 3 S 9 a2 = g 2 g8 g9
52| §° £° E B ZE ET h| £E532 | €55 g &
= == S~ E £ g 238 HE 278 =
» S 3 ~ = ~ @)
o~
1 | 50-56-37 | 14-26-03 | 16-08-00 | 5:10PM |  Breniky | 230/1.5 Déein 35004 | Plewrozinm
schreberi
_ Pleurozi
101 | 505906 | 14:31-14 | 160800 | 2:50 pp | Rumburke sy Dédin 45/31 curoziim
Popluzi schreberi
102 | 51-00-38 | 14-20-20 | 16-08-00 | 415PM |  Lipovd | 260/1.8 Décin 1528 | [enrozinm
schreberi
Pl ;
2 | 50-52-27 | 14-26-24 | 16-08-00 | 6:35PM |  Chiibsks | 290/3.0 Dédin 60/19 curanm
schreberi
3 | 50-55-19 | 15-0829 | 23:08:00 | %0 | Raspenava | 30/2.0 Liberec 20 | Plewrozium
AM schreberi
Pleurozi
301 | 50-59-44 | 15-05-06 | 21-08-00 | 2:15PM | Pertoltice 5/1.8 Liberec 5/25 curDsnm
schreberi
—— [T~
302 | 50-57-20 | 15-13-13 | 21-:08.00 | 4:40 pvt | Jndfichovice | o 02y Liberec 35/27 curosim
pod Smrkem schreberi
1.7 . Pl .
4 | 505027 | 145442 | 21:08:00 | 1.00 ppa | B Kostel gy gy Liberec 305/12 | reemm
Nisou schreberi
. T~
401 | 505146 | 15:02.45 | 23-08-00 | 9:00 At | APrechdee | g0, ¢ Liberec 360/11 | e
u Frydlantu schreberi
Pl ;
5 | 504933 | 14-11-27 | 18-08-00 | 5:10PM | Maxicky | 180/0.3 Décin 325/5 e
schreberi
Décin ., Scleropodium
5-01 | 50-45-40 | 14-14-01 | 18-08-00 | 6:20 PM i 120/2.2 Dén 120/2
Bechlejovice purum
Pleurozi
6 |50-56-35 | 15-07-51 | 25-08-00 | 9:40 AM | Bedfichov | 200/2.1 Liberec 7506 curosLm
schreberi
7| s046.01 | 135929 | 06:09:00 | 0:10PM | Petrovice | 175/2.1 | Uotinad 34511 | Vlenrozinm
Labem schreberi
7-01 | 50-41-04 | 14-08-57 | 06-09-00 | 9:10AM |  Povily 335/15 | Oednad 7518 | Scleropodium
Labem purum
Pleurozi
7.02 | 50-41-25 | 13-49-21 | 06-09-00 | 1:50 PM | Piitkov | 320/2.6 |  Teplice 35506 | e
schreberi
; . Pleurozi
8 | 50-43-48 | 14-25-38 | 18-08-00 | 0:45 PM Vel 95/2.2 | CeskiLipa | 305/10 | e
Bukovina schreberi
- S
8-01 | 50-49-15 | 14-19-30 | 18-08-00 | 1:50 PM Srbskd 270/2.0 Dédin 60/12 curoziim
Kamenice schreberi
10:2 . Pl 3
9 | s0-4032 | 14-35-56 | 16-08-00 | %20 Velenice | 290/1.3 | Ceské Lipa 60/9 e
AM schreberi
. g Pleurozi
9-01 | 50-40-32 | 14-35-56 | 16-08-00 | 9:10 AM | CeskéLipa | 125/1.9 | Ceskd Lipa 12502 | e
schreberi
12: . ;
902 | 50-45-48 | 14-34-17 | 16-08-00 00 Novy Bor | 60/1.0 | Ceskd Lipa 190/ | Sclerepodinm
AM purum
, Pleurozi
9-03 | 50-50-09 | 14-36-13 | 16-08-00 | 1:30 PM | HorniSvétld | 260/3.5 | Ceskilipa | 195/16 | , o™
schreberi
11:40 . . Pleurozium
10 50-44-32 | 14-53-40 | 21-08-00 Kfizany 300/1.0 Liberec 255/11 )
AM schreberi
Rokytnice . Pleurozium
11 | 50-43-21 | 15-30-01 | 25-08-00 | 1:40 PM : 115/3.5 Semily 40117 :
n. Jizerou schreberi
11:40 Dolni Jablonec nad Pleurozium
1101 | 50-46-08 | 15-23-34 | 25-08-00 | Kot 60/0.6 i 7016 |

Appendix — Table 1 List of the CZ sampling plots 2000. Degrees of cardinal points: N = 0/360, E = 90, S = 180, W = 270
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Spindlert Pleurozi

11-02 | 50-42-05 | 15:34.22 | 25:08:00 | s paa | SPRdlert|gg0 Trutnov 305/14 | rostm
Mlyn schreberi

Pleurozi

12 | 50-40-46 | 13-36-55 | 06-09-00 | 3:50 PM Flgje 125/2.8 | Teplice 285015 | T
schreberi

12-01 | 50-36-24 | 13-40-41 | 27-09-01 | 1:25 PM Lom 45/1.8 Teplice 2s0r14 | Brachythee
rutabulum

12-02 | 50-38-41 | 13-42-05 | 27-09-01 | 2:15 PM Hij 315/1.5 Teplice 27518 | Brachyhec
u Duchcova rutabulum

10:45 Strdz pod . Pleurozium

13 [ 50-41-50 | 14-51-25 | 21-08-00 | Raldeons 130/1.2 | Ceské Lipa oo |
. D

13-01 | 504052 | 15-04-33 | 25.08-00 | 7:15 am | Flodkovice | 4o ¢ Liberec 170/8 curosim
n.Mohelkou schreberi

: . Pl 1

14 | 504106 | 15-48-08 | 280800 | 1% | VelkiUpa | 110/2.1 |  Trutnov 330015 |,
AM schreberi

Pleurozi

15 | 50-38-26 | 16-00-16 | 28-08-00 | 0:50 PM | Bernartice | 100/2.3 |  Trutnov 35/11 curosiim
schreberi

ice n. Pleurozi

15-01 | 503330 | 15-50-14 | 28:08.00 | 3:35 pat | Bobuslavicen- | Trutnov 105/6 curorim
Upou schreberi

: Plenrozi

16 | 503637 | 14-15:43 | 180800 | "M | Lovetkovice | 195/1.3 | Litométice 45/13 curorim
AM schreberi

in - Pleurozi

17-01 | 50-34-34 | 14-08-41 | 04-10-00 | 1:10 PM Lbin 110/1.0 | Litoméfice 5/6 curorim
Mentaurov schreberi

: Pleurozi

18 | 50-34.49 | 142340 | 18-08.00 | %00 Rafovice | 320/1.1 | Litoméfice 80/19 curoztim
AM schreberi

. . Pleurozium

19 | 50-35-27 | 15-32-50 | 25-08-00 | 3:25PM | Martinice | 45/1.2 Semily 95/15 )
schreberi

Pleurozi

20 | 50-33-29 | 15-47-34 | 28-08-00 | 9:45 AM Vigice 365/2.3 | Trutnov 270/9 curorim
schreberi

Pleurozi

21 | 50-34-28 | 16-09-12 | 30-08-00 | 9:40 AM |  Dédov 295/2.5 | Nichod 355/18 | st
schreberi

10:50 » i Pleurozium

21-01 | 50-38-57 | 16-21-16 | 30-08-00 Janovicky 160/0.5 Niéchod 30/29 schreberi
Pleurozi

22 | 50-31-32 | 13-24-56 | 11-09-00 | 3:00PM |  Bolebot | 190/0.8 | Chomutov 355/7 curosiim
schreberi

23 | 50-30-26 | 13-36-12 | 11-09-00 | 2:40 PM Most 295/3.6 Most 295/3.6 j‘/e’”P”di”m
Urum

24 | 50-33-32 | 13-54-29 | 27-09-01 | 3:50 PM |  Cerndice | 255/0.5 | Litoméfice 28017 | Brachyhec
rutabulum

24-01 | 50-34-11 | 13-59-00 | 11-09-00 | 9:20 AM |  Kletetnd | 355/0.4 | Litométice 290/11 j‘/e’”P"d’”m
Urum

. - Pleurozium

25 50-31-20 | 14-32-17 | 18-08-00 | 8:45 AM Drazejov 330/1.1 Ceskd Lipa 185/19 .
schreberi

: . Pl j

26 | 503107 | 14-41-13 | 21-08-00 | %10 Okna 140/1.7 | CeskdLipa | 145/20 | 72"
AM schreberi

. Pleurozi

27 | 50-31-17 | 15-07-00 | 23-08-00 | 6:10PM |  Zehrov 140/1.8 | Mlad4 Boleslav | 55/18 curorim
schreberi

, Pleurozium

28 | 50-28-28 | 13-13-18 | 06-09-00 | 5:50PM |  Vysluni 305/1.5 | Chomutoy 275/13 )
schreberi

Appendix — Table 1 Continued from the previous page
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2801 | 50-29-15 | 13-24-48 | 27-09-01 0 Biezenec | 190/0.8 | Chomutov 05/2.5 | Brachythe
AM rutabulum
29 | 50-29-12 | 14-13-05 | 04-10-00 | 2:20 PM | Libotenice | 320/1.2 | Litomé&fice 1359 | Dlerozium
schreberi

Plewrozi
30 | 50-29-07 | 14-47-18 | 21-08-00 | 8:30 AM |  Biezinka | 50/1.0 |Mlad4 Boleslav| 310/11 curomiim
schreberi

Plewrozi
31 | 50-27-50 | 15-19-18 | 23-08-00 | 5:05PM |  Prachov | 65/1.0 Jicin 315/5 wrver
schreberi

Pl 7
32-01 | 50-27-31 | 15-27-31 | 28-08-00 | 5:50 PM | Dfevénice | 40/1.1 Jicin 70/8 curosim
schreberi

Pl 7
33 | 50-24-22 | 14-22-22 | 04-10-00 | 3:00PM |  Bechlin 110/2.0 Meélnik 310/10 | rostm
schreberi

. Pl 1
34 | 50-25-27 | 14-29-32 | 18-08-00 | 7:45 AM Zelizy 90/1.9 Meélnik 5/9 curosim
schreberi

' Pleurozi
35 | 50-25-30 | 15-05-32 | 21:09-00 | 5:45 pm | PloubdLhow | oo o\ s Boleslav | 80/13 curomim
u Bousova schreberi
. - Pleurozium

36 50-26-39 | 15-15-37 | 2-11-00 | 2:35PM Ohafice 175/1.3 Ji¢in 270/7 .
schreberi

Plewrozi
37 | 50-25-20 | 15-46-07 | 28-08-00 | 8:30 AM | Doubravice | 355/1.6 | Trutnov 210/19 | roemm
schreberi
) Pleurozium

37-01 | 50-28-30 | 16-01-22 | 30-08-00 | 7:40 AM | Havlovice | 210/1.9 |  Néchod 305/11 :
schreberi
.. Pleurozium

38 | 50-23-06 | 13-05-09 | 22-11-00 | 3:40 PM | Ondiejov | 310/0.4 | Chomutov | 250/25 :
schreberi
, Pleurozium

38-02 | 50-22-43 | 12-56-29 | 22-11-00 | 1:10PM | Jéchymov | 20/1.5 | Karlovy Vary | 15/15 :
schreberi

Plewrozi
39 | 50-23-13 | 13-47-53 | 19-10-00 | 9:50 AM | Dobroméfice | 5/1.8 Louny 0/4 curosim
schreberi

- S
40 | 502326 | 153238 | 28:08-00 | 7:15am | Fodhori | g0/ g Jigin 105/14 | rosmm
Ujezd schreberi

Plewrozi
41 | 50-23-09 | 16-09-46 | 30-08-00 | 1:10PM | Vrchoviny | 40/2.1 Nichod 180/4 curosiim
schreberi

Pl 7
42 | 50-22-12 | 16-56-27 | 08-09-00 | 2:55PM |  Travnd 120/0.5 Jesenik 310/23 | e
schreberi

Pl 7
42:01 | 50-19-45 | 17-10-50 | 08-09-00 | 425PM | Rokliny | 345/0.7 Jesenik 3451 |1 rostim
schreberi

Pl 7
43 | 50-18-23 | 12-28-31 | 13-09-00 | 0:05PM |  Sné&n4 27519 | Sokolov 320/19 |1 rostm
schreberi
Horni Pleurozium

43-01 | 50-08-33 | 12-31-10 | 13-09-00 | 1:25 PM : 40/0.6 Sokolov 250/10 )
Pochlovice schreberi
11:00 - Pleurozium

44 50-17-48 | 12-42-09 | 13-09-00 Cernava 305/0.8 | Karlovy Vary 310/16 schreberi
Plewrozi
45 | 50-21-25 | 13-17-43 | 12-10-00 | 5:40 PM Rokle | 330/1.0 | Chomutov | 22014 | 7#70%mm
u Kadané schreberi

Plewrozi
46 | 50-22-58 | 13-59-11 | 19-10-00 | 8:45 AM Horka 265/0.9 | Litoméfice | 210/20 | oerm
schreberi

v 7 . Pl .
47 | 501734 | 16-23-23 | 30-08-00 | 3:35 pam | PEREVOrl | 5,5 | Rychnov 30/17 curorim
horich nad Kné’nou schreberi

Appendix — Table 1 Continued from the previous page
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48 | 50-17-36 | 14-32-06 | 04-10-00 | 4:00 PM Tuhat 100/1.0 Meélnik 155/7 j;["r;‘:f"dl”m
Pleurozi
48-01 | 50-12-32 | 14-43-34 | 04-10-00 | 5:00 PM | Otradovice | 275/1.7 | Mladd Boleslav | 210/26 w;::i:::‘m
Pleurozi
49 | 50-15-26 | 13-17-18 | 12-10-00 | 425PM |  Mastov | 170/1.1 | Chomutov | 205/30 | . v&m
schreberi
Pleurozi
50 | 50-16-18 | 13-34-57 | 13-10-00 | 3:05PM | Holedet | 120/1.7 Louny 240712 | R
schreberi
Pleurozi
51 | 50-13-09 | 13-45-51 | 13-10-00 | 5:30 PM |  Ticboc 50/0.6 | Rakovnik 5/13 prver
schreberi
: Pleurozi
52 | 50-15-11 | 13-5356 | 19-10:00 | 110 Bilichov | 240/2.0 |  Kladno 310120 | crressn
AM schreberi
Méstec Scleropodium
53 | 50-12-47 | 15-16-34 | 21-09-00 | 0:45 PM €1 295/1.6 | Nymburk 80/19
Krilové purum
Pleurozi
53-01 | 50-17-59 | 15-01-56 | 21-09-00 | 1:40 PM |  Studce | 300/1.4 | Nymburk 5/12 crven
schreberi
; Plenrozi
54 | 50-13-48 | 15:40-14 | 07-10:00 | 0:50 pa | FirAdeku a0 5 Hradec 285/12 | roemm
Nechananic Krilové schreberi
' Plenrozi
55 | 50-14-44 | 16-08-29 | 04-09-00 | 5:20 PM Male 60/0.4 | Rychnovnad 14y, | Pleurozium
Zzhornice Knéznou schreberi
P Rych d Plenrozi
55:01 | 50-11-32 | 16:03:43 | 04:09-00 | 9:05AM | IMSE | 5555 | Rychnovmad |, o o | Plenrozium
n.Orlici Knéznou schreberi
Rychnov nad Pleurozium
55-02 | 50-16-39 | 16-18-02 | 04-09-00 | 5:45 PM Lomy 330/0.8 » 15/12 )
Knéznou schreberi
) Rych d Pleurozi
56 | 50-12-05 | 16-28-44 | 30-08-00 | 5:45 PM Ricky 140/1.2 | onevna 70/15 crvsr
Knéznou schreberi
Pleurozi
57 | 50-11-48 | 17-14-27 | 08-09-00 | 6:10PM | Deédfichov | 145/1.9 |  Jesenik 140/4 crvsrm
schreberi
Pleurozi
58 | 50-13-14 | 17-23-32 | 15-09-00 | 9:55 AM | Zlaw¢ Hory | 170/3.0 |  Jesenik 80/15 wrverm
schreberi
Pleurozi
58-01 | 50-14-18 | 17-41-59 | 15-09-00 | 0:10PM | Bohulov | 265/1.3 |  Brunedl 30/33 wrver
schreberi
Pleurozi
59 | 50-11-43 | 12-14-23 | 13-09-00 | 2:15 PM A 14/5.0 Cheb 32516 | e
schreberi
Pleurozi
59-01 | 50-17-31 | 12-10-40 | 13-09-00 | 4:05PM | Novosedly | 30/0.7 Cheb 335025 | R
schreberi
) Plenrozi
60 | 50-11-59 | 13-00-41 | 12-10-00 | 3:25PM |  Cinov 20/0.4 | Karlovy Vary | 10510 |, 2"
schreberi
Pleurozi
61 | 50-11-11 | 13-21-02 | 13-10-00 | 2:15PM |  Vrourek | 295/2.6 Louny 240/37 | TR
schreberi
Plentrozi
62 | 50-09-50 | 15-58-53 | 04-09-00 | 6:15PM |  Beletko 65/2.5 | Pardubice 40/18 curostm
schreberi
11:40 ~ Pleurozium
63 | 50-08-10 | 16-50-47 | 08-09-00 Sklené 345/0.5 | Sumperk 335/21 :
AM schreberi
. Plentozi
63-01 | 50-06-49 | 17-03-56 | 08-09-00 | 1:10PM | Pemyslov | 315/1.5 | Sumperk 2017 | e
schreberi
Pleurozi
64 | 50-06-28 | 12-51-20 | 13-09-00 | 6:50PM |  Vodnd 110/03 | Karlovy Vary | 18514 | " ="
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Pleurozium

65 | 50-09-19 | 13-47-32 | 13-10-00 | 4:05 PM Luind 5/3.4 Rakovnik 30/6 )
schreberi

Plewrozi
66-01 | 50-09-07 | 14-01-46 | 19-10-00 | 1:50 PM Stby 25/0.7 Kladno 280/5 crve
schreberi

Plewrozi
66-02 | 50-13-01 | 14-04-47 | 19-10-00 | 7:35 AM Slany 20524 | Kladno 35009 | R
schreberi

Pleurozi
67 | 50-09-08 | 14-55-35 | 06-11-00 | 720 AM |  Velenka | 70/24 | Nymburk 2009 | TTEE
schreberi

. Pl 1
68 | 50-06-03 | 13-17-52 | 13-10-00 | 0:50 PM |  Zdlirek 145/1.2 | Karlovy Vary | 115/33 | . wemm
schreberi
10:40 Praha - Pleurozium

69 | 50-06-09 | 14-19-18 | 11-10-00 | Nebotioe | 180712 Praha 2857 |
Pl 7
70 | 50-04-09 | 12-42-09 | 12-10-00 | 0:25PM | Prameny | 300/3.1 Cheb 90/23 wrher
schreberi
Pleurozium

71 50-04-29 | 13-26-01 | 13-10-00 | 1:25 PM Ostrovec 100/0.6 Plzen - sever 0/37 .
schreberi
10:40 _ . . Pleurozium

72 50-03-38 | 16-31-13 | 04-09-00 Sedivec 315/1.6 | Usti nad Orlici 40/12 )
AM schreberi

. ; Pleurozi
72-01 | 50-06-27 | 16-42-32 | 15-09-00 | 7:10 AM | Cenkovice | 50/2.2 | Ustinad Orlici |  80/22 curorim
schreberi

Pleurozi
73 | 500518 | 17-20-10 | 15:09-00 | 840 am | VPROPOd | 0047 | Brunul 32515 | roemm
Pradédem schreberi

g Pleurozi
74 | 50-01-48 | 12-31-52 | 13-09-00 | 4:10 PM | Dolni Zandov | 315/2.0 Cheb 115/13 | rosmm
schreberi
Pleurozium

75 | 50-01-21 | 13-04-21 | 12-10-00 | 2:05 PM Bué 290/1.0 | Karlovy Vary | 145/27 .
schreberi

) Pleurozi
76 | 50-01-07 | 16-20-50 | 04-09-00 | 0:30 PM | Rozsocha | 110/0.9 | Ustin. Orlici | 320/6 curosim
schreberi
Nové Pleurozium

77 | 50-01-15 | 17-30-58 | 15-09-00 | 2:00 PM o 240/1.3 Bruntil 35/5 .
Hefminovy schreberi
Krnov - Pleurozium

77-01 | 50-04-50 | 17-43-13 | 15-09-00 | 1:20 PM 5 135/1.5 Bruntil 60/20 :
Maridn.Pole schreberi

Pl 7
78 | 49-50-58 | 14-05-17 | 31-10:00 | 215pM | Lhotka 280/1.6 Beroun 15/4 curosiim
u Berouna schreberi

Pl 7
79 | 49-58-37 | 14-25-10 | 31-10-00 | 3:35 PM | Praha-Tocnd | 305/1.2 | Praha-zépad | 180/16 |, ™
schreberi

Pl 7
80 | 49-59-10 | 14-32-48 | 14-11-00 | 8:10 AM | Prithonice | 220/1.9 | Praha-zdpad | 140/13 | et
schreberi
Pleurozium

81 | 49-57-31 | 14-47-15 | 22-09-00 | 3:10 PM Jevany 220/2.3 Kolin 185/7 )
schreberi

Pleurozi
82 | 49-57-44 | 15-11-44 | 06-11-00 | 9:25AM | Opatovice | 175/0.7 Kolin 185/7 | e
schreberi

: Pleurozi
83 | 495810 | 15:33-14 | 061100 | 'M°% | Sololusky | 80/12 | Pardubice | 240718 | O
AM schreberi

S ernd Pleurozi
83-01 | 50-01-43 | 15-50-49 | 06-11-00 | 2:35 PM Cernd 70/0.9 |  Pardubice 105/5 curostm
za Bory schreberi

Pleurozi
83-02 | 50-07-49 | 15-34-11 | 06-11-00 | 3:50 PM Volee 355/19 |  Pardubice 300/19 XC;ZZ’Z,W”
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) ) Pleurozium

84 49-58-40 | 15-54-10 | 23-10-00 | 5:00 PM | Dvakacovice 90/0.4 Chrudim 65/8 .
schreberi

. Pleurozi

85 | 49-59-22 | 16-54-08 | 08-09-00 | 9:45AM |  Hostice | 95/1.5 | Sumperk 30006 |,
schreberi

86 | 49-58-59 | 18-08-02 | 19-09-00 | 0:10PM | Chuchelnd | 130/1.2 Opava 75117 j;if’;’;””d’”m
Pleurozi

87 | 49-54-02 | 12-34-28 | 13-09-00 | 5:05PM | Broumov | 295/2.9 |  Tachov 340/12 | roemm
schreberi

Plewrozi

87-01 | 49-54-12 | 12-37-52 | 13-09-00 | 5:55 PM | Zadn{ Chodov | 305/2.3 Tachov 345/10 XC;:’EZ’Z.”’”
Pl 7

88 | 49-56-55 | 12-57-49 | 12-10-00 | 1:10PM | StaréSedlo | 75/1.5 | Karlovy Vary | 165/33 | . et
schreberi

Pl 7

89 | 49-56-49 | 13-4421 | 14-10:00 | 235PM | Dodmokly | 75/2.4 | Rhnovmad |0 e
KnéZnou schreberi

Pl 7

90 | 49-52-40 | 13-26-23 | 12-10-00 | 6:35 AM Obora 125/2.3 |  Plzeit sever 10/16 curosim
schreberi

Pleurozium

91 | 49-50-10 | 15-08-35 | 23-10-00 | 7:25AM |  Pivnisko | 170/1.6 | Kutnd Hora | 220/15 .
schreberi

Pleurozi

92 | 49-50-51 | 16-27-43 | 20-10-00 | 3:05PM | Semanin | 165/2.1 Svitavy 345/10 | R
schreberi

; Pleurozi

93 | 49-53-48 | 16-41-27 | 20-10-00 | 2:15PM |  Strasnd | 225/1.9 | Ustfnad Oxlici | 105722 |~ /o™
schreberi

) Pleurozium

94 | 49-50-37 | 17-12-29 | 05-10-00 | 8:25 AM Kiiv4 20/0.8 | Olomouc 350127 .
schreberi

Fei Pleurozi

9401 | 495435 | 17-17:00 | 05-10-00 | 9:50 AM | OPdEIV | 5500 Bruntdl 235116 | roem
u Rymarova schreberi

Pleurozi

95 | 49-49-20 | 17-27-24 | 05-10-00 | 0:45 PM | Nové Valtefice | 200/2.6 Bruntdl 180/18 | wroerum
schreberi

Lesni Pleurozium

96 | 49-49-12 | 17-52-50 | 15-09-00 | 3:50 PM . 45/2.0 Opava 185/13 .
Albrechtice schreberi

Plewrozi

96-01 | 49-50-37 | 17-39-28 | 23-11-00 | 0:50 PM | Kerhartice | 140/1.3 Opava 240022 | R
schreberi

10:10 , e, Pleurozium

96-02 | 49-47-09 | 18-02-01 | 23-11-00 AM Tisek 120/1.5 Novy Ji¢in 0/22 schreberi
: Pleurozi

97 | 49-53-09 | 18-06-07 | 19-09-00 | %1 | Hajve Slezsku | 200/1.5 | Opava 110/14 | cerozm
AM schreberi

Ostrava- . Pleurozium

98 | 49-49-15 | 18-24-55 | 19-09-00 | 3:15 PM ! 125/2.2 Karvin4 245/11 )
Pettvald schreberi

Pl 7

98-01 | 49-40-45 | 18-26-21 | 29-10-01 | 8:15AM |  Dobrd 70/2.1 | Frydek Mistek | 85/8 crven
schreberi

Pleurozi

98-02 | 49-40-38 | 18-18-34 | 29-10-01 | 9:20AM |  Lysavky | 20/1.3 | Frydek Mistek | 285/3 v
schreberi

Pleurozi

99 | 49-48-40 | 13-08-40 | 12-10-00 | 7:50 AM Luhov 230/0.7 | Dlzehisever | 240720 | oM
schreberi

Pleurozi

99-01 | 49-46-42 | 13-00-59 | 12-10-00 | 9:00 AM |  Stitbro 25/3.0 Plzeit 280/27 | Hroemm
schreberi

Pleurozi

100 | 49-49-00 | 14-11-53 | 22-10-00 | 225PM |  Voznice | 260/1.5 |  Pifbram 40/19 curorim
schreberi
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. Pleurozium

101 | 494857 | 14-29-37 | 22-10-00 | 4:05 PM | Vysoky Ujezd | 80/1.2 Benetov 285/15 .
schreberi
Pleurozi

102 | 49-47-12 | 18-30-29 | 19-09-00 | 4:50 PM | Albrechtice | 265/1.6 |  Karvind 195/8 curosiim
schreberi
) Plewrozi

103 | 494553 | 123248 | 121000 | %0 Lesn4 295/1.2 Tachov 240/8 curoriim
AM schreberi
Pleurozi

104 | 49-46-17 | 12-50-46 | 12-10-00 | 9:40 AM | Dolni Plezom | 15/0.8 Tachov 100/15 | rosmm
schreberi
Pl 7

105 | 49-47-24 | 13-53-47 | 14-10-00 | 455PM | Nefesin | 120/0.9 |  Pibram 320/14 | rostm
schreberi
Pl 7

106 | 49-45-11 | 14-51-21 | 29-10-00 | 1:30 PM | Radofovive | 315/1.6 |  Benefov 110713 | oemm
schreberi

10"45 . Havli¢kav Pleurozium

107 49-47-43 | 15-32-02 | 06-11-00 Hostovlice 15/0.7 Brod 350/21 schreberi
Pleurozi

108 | 49-46-47 | 15-51-20 | 23-10-00 | 3:45PM | Rvétov | 355/1.0 | Chrudim 165/20 | cerommm
schreberi
; Pleurozi

109 | 49-45-56 | 16-07-49 | 20-10-00 | 5:05 PM Pused 85/3.5 Chrudim 130/32 | Hrosmmm
Kamenice schreberi
Pleurozi

110 | 49-43-49 | 13-4120 | 14-10-00 | 3:50PM |  Dobiiv | 355/1.9 | Rokycany 95/7 crv
schreberi
Pleurozi

111 | 49-42-39 | 14-01-57 | 01-09-00 | 9:10AM |  Piibram 30/2.8 Piibram 30/2.8 curorim
schreberi
g Pleurozi

112 | 49-40-12 | 13-26-23 | 01-09-00 | 6:05PM |  Cernice | 100/1.7 |  Plzeit jih 140/ | e
schreberi

) Pleurozium

113 49-40-12 | 17-21-20 | 05-10-00 | 5:25 PM | Nov4 Véska 30/0.7 Olomouc 45/11 .
schreberi

114 | 493953 | 1847-20 | 20-09-00 | 1940 Nydek 85/2.0 | Frydek Mistek | 9520 | lerrozinm
el T el AM yde ’ fyde Iste schreberi
78 Plewrozi

115 | 493830 | 15-52-11 | 231000 | 220 PM |  Radostin | 20015 | 2d4rnad 330/10 | restm
Sézavou schreberi
Pleurozi

116 | 49-38-05 | 16-32-53 | 20-10-00 | 0:50 PM | Drahotov | 90/0.9 Svitavy 155/14 | rErm
schreberi
. ’ [)[ ;.

117 | 4937-16 | 17-23-18 | 06-10:00 | 935 am | M0kE | 34005 | Olomouc 70/10 curosiim
Udoli schreberi
) Plewrozi

117-01 | 49-36:29 | 17-41-26 | 06-10-00 | 1120 Boikov | 75/0.5 Prerov 45ja4 | cmromum
AM schreberi
Pl 7

118 | 49-36-08 | 17-53-14 | 26-09-00 | 7:20 AM | Hrabétice | 180/0.7 | NovyJicin | 27510 |,
schreberi

119 | 49-36-50 | 18-15-35 | 20-09-00 | 450 PM |  Miyslik 325/1.1 | Frydek Mistek | 225/9 jd””"”d’”m
Urum
7 d4 Pleurozi

120 | 493551 | 161021 | 23-10-00 | 1:10PM | Michov | 235/1.4 | 2ddrmad 75116 curorim
Sdzavou schreberi

11:35 i Pleurozium

121 | 49-36-13 | 16-51-08 | 20-10-00 Jesenec 230/1.4 | Praha - vychod | 30524 | "
’ vV Pl 3

122 | 49-35-59 | 17-02:40 | 05-10:00 | G40 aM | NEEC | 06017 | Olomouc 270/17 | roemm
na Hané schreberi

i Pleurozium

123-01 | 49-33-12 | 18-38-59 | 20-09-00 | 0:15PM | Horni Lomnd | 270/0.3 | Frydek Mistek | 13027 | """
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Plenrozi

12302 [ 49-35-28 | 18-32-22 | 20-09-00 [ 2:50PM | Morivka | 40/1.1 | Frydek Mistek | 125118 | """

Krasna - Pleurozium

123-03 | 49-33-26 | 18-29-19 | 20-09-00 | 1:50 PM asna 175/2.6 | Frydek Mistek | 140/14 ;
Visalaje schreberi

_ S

124 | 4932-56 | 12-48-53 | 20-09:00 | 1:05PM | S | 60110 | Domatlice | 32515 | crosium
u Pobé&Zovic schreberi

- Plenrozi

125 | 49-34-18 | 13-02-43 | 29-09-00 | 2:20PM | Cetovice | 140/1.7 | Domalice 25/17 curosiim
schreberi

: Pleurozi

126 | 49-32-23 | 13-45-55 | 01:09-00 | '%2% | Stary Smolivec | 30/20 |  Piibram 225124 |1 CHroRm
AM schreberi

Pleurozi

127 | 49-32-29 | 14-07-33 | 27-10-00 | 8:25 AM | Kozdrovice | 160/1.3 |  Pifbram 155/17 | e
schreberi

Pleurozi

128 | 49-32-50 | 14-29-40 | 30-10-00 | 6:45AM |  Veletin 125/1.7 | Benelov 210/30 | e
schreberi

Plenrozi

129 | 49-33-20 | 14-52-09 | 03-11-00 | 4:05 PM Vilice 175/1.0 Tébor 40120 curostim
schreberi

Plenrozi

130 | 49-34-20 | 15-05-39 | 30-10-00 | 4:55PM |  Kofetice | 315/2.5 | Pelhfimov 325/17 |1 Arostm
schreberi

’V o P/ ;.

131 | 49-33-46 | 15-24-55 | 3-11-00 | 1:05PM |  Lestina 200/1 | Havlickay 24513 | rosm
Brod schreberi

11:10 ", Pleurozium

132-01 | 49-26-25 | 18-25-25 | 26-09-00 Bila 265/2.4 | Frydek Mistek | 175/29 :
AM schreberi

Slatina Pleurozium

133 [ 49-27-20 | 13-12-04 | 29-09-00 | Zs0pM [ S | dorto Klatovy 10|
- Plewrozi

134 | 492540 | 12-51-55 | 29-09-00 | 0:20PM | Ujezd 230/0.9 | Domailice | 260/5 | o e
schreberi

Plewrozi

135 | 49-24-29 | 13-26-54 | 01-09-00 | 0:05PM |  Plinice | 305/2.8 |  Klatovy 85/11 crve
schreberi

Plewrozi

136 | 49-26-12 | 15-24-40 | 26-10-00 | 425PM | Duijov | 310/1.8 Jihlava 280/13 | rosmm
schreberi

Plewrozi

137 | 49-27-57 | 15-49-27 | 23-10-00 | 9:25 AM Stéj 50/1.6 Jihlava 65/19 wrver
schreberi

: ~ >, P[ .

138 | 492546 | 16-10-37 | 23-10-00 | 110 Jemnice | 150/0.9 | ~ddrnad 130722 | roemem
AM Sédzavou schreberi

Pleurozi

139 | 49-27-42 | 16:31-19 | 20-10-00 | 9:45 AM | Lhotau Lysic | 120/1.4 |  Blansko 320/14 | rostm
schreberi

: Pleurozi

140 | 492849 | 164222 | 201000 | 92 | Boskovice | 105/2.6 | Blansko 1514 | curosium
AM schreberi

v ’ P/ .

141 | 492459 | 18:07-21 | 26.09-00 | 9:25 ap | VIS 90/1.0 Vsetin 45/13 curoziim
Bystfice schreberi

Pleurozi

141-01 | 49-22-53 | 18-16-16 | 26-09-00 | 0:15PM |  Jezerné 295/1.0 Vsetin 85/20 curorim
schreberi

Pleurozi

141-02 | 49-16-33 | 18-04-32 | 26-09-00 | 1:15PM |  Zdéchov 5/1.6 Vsetin 150/11 curorim
schreberi

Plenrozi

142 | 49-24-03 | 14-08-49 | 27-10-00 | 9:05 AM Vids 25/2.6 Pisck 355/10 | rostm
schreberi

Plenrozi

143 | 49-24-04 | 1701-09 | 06-10-00 | 7:45 AM | Myslejovice | 230/1.0 | Praha - vychod | 220/11 | ="
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10:1 Plewrozi

144 | 492320 | 13-51-59 | 27-10-00 | %10 | Jindrichovice | 85/0.7 | Strakonice | 34514 | O
AM schreberi

11:10 .. Pleurozium

145 | 49-20-09 | 13-03-40 | 29-09-00 | Chalupy 80/1.2 | Domaslice 104 |
Pleurozi

146 | 49-23-30 | 14-32-22 | 30-10-00 | 8:05 AM | Slavitovice | 60/1.7 Tébor 255110 | e
schreberi
' Plenrozi

147 | 49-21:20 | 14-49-08 | 031100 | 2:50 pap | Plouhd Lhowa | g ) Tébor 125/12 | Ferosmm
u T4bora schreberi
Pl 7

148 | 49-20-19 | 15-10-00 | 30-10-00 | 4:00 PM | Novd Ves | 110/2.0 | Pelhiimov | 200/10 | 2"
schreberi

149-01 | 49-23-43 | 17-29-32 | 06-10-00 | 5:50 PM | Pfestavlky | 50/1.1 Prerov 16517 j‘/e’”f’”‘{’”m
Urum

Rusava - Pleurozium

150 | 49-19-51 | 17-41-39 | 26-09-00 | 4:20 PM : 145/2.0 | Kroméfiz 80/22 .
Riztoka schreberi
: Pleurozi

151 | 49-15-10 | 13-29-34 | 09-10-00 | 9:15AM | TR 050 1 | Kiatovy 135/21 | R
Susice schreberi
Plenrozi

152 | 49-14-40 | 14-34-29 | 30-10-00 | 8:50 AM | Hodédn | 120/1.8 Tébor 200/21 curorim
schreberi
Plenrozi

153 | 49-13-54 | 14-50-55 | 30-10-00 | 2:05 PM Dirné 175/1.0 Tébor 145/23 | R
schreberi
. Plewrozi

154 | 49-14-22 | 15-12-49 | 30-10-00 | 3:15PM | Zirovnice | 135/2.1 | Pelhfimov 180/20 | cHrosmum
schreberi

Plewrozi

155 | 49-14-48 | 15-28-33 | 26-10-00 | 3:05PM |  Tiestice 90/1.6 Jihlava 205/18 | roemm
schreberi

. Pl /

156 | 49-16:29 | 15-53-17 | 23-10:00 | %40 | Veswonovice | 140/2.1 Tiebie 355/8 curosim
AM schreberi

~ P, P/ .

157 | 49-15:52 | 161344 | 201000 | 6:20AM |  Kotikov | 230710 | 2ddrnad 145/39 | e
Sdzavou schreberi

Pleurozi

158 | 49-16-21 | 16-55-06 | 06-10-00 | 6:25AM | Drnovice | 260/2.3 |  Vyikov 265/6 curvsiim
schreberi

e Scleropodinum
159-02 | 49-14-26 | 17-08-51 | 29-10-01 | 1:25 PM Lhota 250/0.5 Krométiz 250/18 purum
Pl 7

160 | 49-11-22 | 17-52-18 | 26-09-00 | 6:05PM |  Vizovice | 155/2.9 Zlin 105/15 | roemem
schreberi

. Pl 1

161 | 49-08-35 | 13-15-28 | 01-09-00 | 3:00 PM | Zelezng Ruda | 70/1.3 Klatovy 185/29 | e
schreberi

. Pl 1

161-01 | 49-15-13 | 13-17-51 | 01-09-00 | 3:55PM |  Cachrov | 220/1.2 |  Klatovy 190/9 | e
schreberi

: Pleurozi

162 | 49-10-19 | 135049 | 27-1000 | 1110 Prkogin 70/0.7 | Strakonice 205/11 curoziim
AM schreberi

Plenrozi

163 | 49-10-09 | 14-04-59 | 27-10-00 | 0:10PM | Pivkovice | 140/1.2 | Strakonice 125017 | cerosm
schreberi

: Plenrozi

164 | 490636 | 15-47-36 | 26-10-00 | '¥>> | Horni Lazany | 90/1.2 Tebic 21013 |
AM schreberi

Brno- Scleropodium

165 | 49-11-40 | 16-31-09 | 20-10-00 | 8:25 AM | 27515 Brno 26517

Kohoutovice purum

Scleropodi

165-01 | 49-07-42 | 16-32-38 | 16-10-00 | 4:00PM | Ofechov | 30/2.5 | Brno-venkov | 210/9 P;Z‘Za e
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: Eurbynchi
166-01 | 49-10-12 | 17-23-49 | 28-09-00 | 5:40 PM Kogiky 305/19 | Uherské 340/11 | Hrmenm
Hradiste angustirete
10:40 , Pleurozium
167 | 49-05-08 | 13-30-00 | 09-10-00 Srnf 115/1.6 Klatovy 155/37 | o
Pleurozi
168 | 49-01-27 | 13-47-01 | 09-10-00 | 0:25PM | Solnd Lhota | 120/1.5 | Prachatice 275116 | rosrm
schreberi
11:30 Kasperské Pleurozium
168-01 | 49-08-45 | 13-35-38 | 09-10-00 Hory 85/2.5 Klatovy 4o3s |
Pleurozi
169 | 49-04-32 | 14-07-16 | 27-10-00 | 0:50PM | VelkyBor | 270/1.2 | Prachatice 45/11 crven
schreberi
Cesky Pl 7
169-01 | 48-55-24 | 14-10-01 | 27-10-00 | 1:45PM |  Kuklov | 260/1.0 Cesky 325/17 | rostim
Krumlov schreberi
10:00 . Ceské Pleurozium
170 49-05-35 | 14-28-50 | 30-10-00 AM Ponésice 180/1.4 Budgjovice 5/13 schreberi
.., Ceské Pleurozium
170-01 | 49-11-22 | 14-24-36 | 09-10-00 | 5:35PM |  Podhiji 20/0.9 o 350/23 )
Budgjovice schreberi
11:10 , Jindfichav Pleurozium
171 | 49-04-16 | 14-52-06 | 30-10-00 Miska 60/2.1 - 230014 |0
iy Jindfichtv Pleurozium
172 | 49-01-45 | 15-12-00 | 30-10-00 | 0:55 PM Kl4Ster 90/1.6 130/19 )
Hradec schreberi
. Ve o P/ .
173 | 490255 | 153001 | 26-10-00 | 2:00PM | Tiebetice | 270/1.7 | Jindfichay 105/38 | Lrosmm
Hradec schreberi
10: Pl 7
174 | 490543 | 1612:05 | 26-10-00 | %% | Dukovany | 30/1.5 Tiebic 120727 | e
AM schreberi
Pleurozi
175 | 49-03-01 | 16-21-29 | 16-10-00 | 3:10PM | Marsovice | 285/3.0 |  Znojmo 45/31 wrvsmn
schreberi
175-01 | 48-58-49 | 19-39-51 | 26-10-00 | 7:20 AM Ye“f.e 220/1.5 Bfeclav 330031 | Brachyhec
Némcice salebrosum
176 | 49-05-09 | 16-56-40 | 16-10-00 | 7:20 AM | Zdravd Voda | 340/1.0 | Hodonin 330020 | Errhynchium
angu:tzrete
177-01 | 49-06-49 | 17-13-53 | 16-10-00 | 9:20 AM |  Stupava | 290/1.0 | Kroméfix 21025 | Errhymehium
ﬂi’lgltffli"fff
Bohuslavice , Pleurozium
178-01 | 49-09-12 | 17-37-55 | 28-09-00 | 7:40 AM ; 210/1.0 Zlin 195/7 )
u Zlina schreberi
Ceské Pl 1
179 | 48-58-32 | 14-5-19 | 27-10-00 | 4:55PM | Branitov | 105/2.0 Ceské 270/3 curstm
Budgjovice schreberi
Pl 1
180 | 48-56-52 | 15-47-47 | 261000 | 1:00 PM | Zalesi 140/1.2 | Znojmo 295022 | R
schreberi
- Fo—
181 | 48-56-35 | 16:00-26 | 26-10:00 | 900 am | FHubOkE o0 11 Znojmo 335010 |, R
Masivky schreberi
Pleurozi
181-01 | 48-53-03 | 16-14-49 | 26-10-00 | 8:20 AM | Lechovice | 45/2.1 Znojmo go/14 | e
schreberi
182 | 485506 | 17-08-10 | 161000 | %% | Ractkovice | 260/1.9 | Hodonin 0/7 Scleropodium
AM purum
fi : Pleurozi
183 | 48.57.18 | 17-4829 | 28-09-00 | 1:00 ppp | BYsthicepod | ygg5 | Uherské 115728 | cHrosm
Lopenikem Hradisté schreberi
- Pleurozi
183-01 | 49-05.41 | 18-00-30 | 28-09-00 | 9:15 AM | PO 285/1.2 Zlin 120/30 | Hrosmm
Bylnice schreberi
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. . Pl 7
184 | 48-54-09 | 13-48-40 | 09-10-00 | 1:15PM | Ceské Zleby | 45/3.3 | Prachatice | 230/20 | . ve™
schreberi
. Cesky Pl 7
184-01 | 48-49-09 | 13-59-09 | 09-10-00 | 2:20 PM |  Zelnava 65/1.6 Cesky 270/24 |1 R
Krumlov schreberi
Ceské Pleurozium
185 48-50-30 | 14-31-37 | 27-10-00 | 4:00 PM | Mokry Lom 135/0.5 .. . 165/15 .
Budgjovice schreberi
. Jindfichtv Pleurozium
186 48-52-03 | 14-50-22 | 30-10-00 | 0:10 PM Hrdlorezy 260/1.6 195/32 .
Hradec schreberi
187 | 48-50-34 | 16-28-49 | 16-10-00 | 1:15PM | Drnholec | 195/1.5 Beclay 2853y | Brachythecium
salebrosum
188 | 48-53-20 | 17-35-17 | 28-09-00 | 3:35PM |  Suchov | 150/2.5 | Hodonin 75134 | Eurkynchium
angustirete
189 | 48-43-31 | 14-07-15 | 09-10-00 | 3:15 PM Cernd 1 155015 Cesky 23518 | [lenrozinm
v PoSumavi Krumlov schreberi
190 | 48-45-33 | 16-50-17 | 16-10:00 | 1% Valdce | 75/43 |  Bieclav 26506 | Sclerepodinm
AM purum
Cesky Pleurozium
191 48-40-14 | 14-16-49 | 09-10-00 | 4:20 PM Ostrov 240/1.0 180/16 .
Krumlov schreberi
Cesky Pleurozium
192 48-40-57 | 14-35-57 | 27-10-00 | 2:50 PM Malonty 115/1.5 125/25 .
Krumlov schreberi
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Pr

Mn

La

In

Ga

Cs

Ce

Be

Ba

Ag

1

Locality

1-01
1-02

3-01
3-02

4-01

5-01

7-01
7-02

8-01

9-01
902
903
10
11

11-01

11-02
12

12-01

12-02
13

13-01
14
15

15-01
16

17-01
18
19
20

21

21-01
22
23
24

24-01
25

26
27
28

28-01
29

30

31

32-01
33

34
35

36
37

37-01
38

38-02
39

Appendix — Table 2 Element content levels for the investigated elements, mean content class and order by mean element loads

for the individual sampling plots in CZ in 2000
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Pr

Mn

11

La

In

Ga

Cs

Ce

Bi

Be

Ba

Ag

Locality

40

41

42

4201
43

43-01
44
45

46
47

48

48-01
49

50
51

52
53

5301
54
55

55-01

55-02
56
57
58

58-01
59

59-01
60

61

62

63

63-01
64

65

66-01

66-02
67

68

69

70

71

72

72-01
73

74
75

76

77

77-01
78

79

80
81

82
83

83-01

83-02
84
85
86
87

8701
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Pr

Mn

La

In

Ga

Cs

Ce

Bi

Be

Ba

Ag

2

2

1

1

2

1

2

1

Locality

141

141-01

141-02
142
143

144
145

146
147

148

149-01
150
151

152
153

154
155

156

157
158

159-02
160
161

161-01
162
163
164
165

165-01

166-01
167
168

168-01
169

169-01
170

170-01
171
172
173
174
175

175-01
176

177-01

178-01
179
180
181

181-01
182
183

183-01
184

184-01
185
186
187
188
189
190
191
192
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Locality Rb Sb Se Sn Sr Th Tl U Y Mean Order
1 2 2 2 2 1 1 4 1 1 1.64 209-212
1-01 2 2 2 1 1 1 1 1 1 1.32 142-151
1-02 2 2 2 2 1 1 1 2 1 1.50 182-188
2 2 2 2 2 1 1 3 2 1 1.68 213-219
3 2 1 2 2 1 2 2 4 2 1.95 233-236
3-01 1 1 2 1 1 1 1 2 1 1.23 106-123
3-02 2 1 2 1 1 1 2 2 1 1.45 176-181
4 1 2 2 2 1 2 1 3 2 1.95 233-236
4-01 3 2 2 2 1 2 2 4 2 2.23 243-244
5 2 2 2 1 1 1 4 1 1 1.55 189-197
5-01 1 1 1 1 2 2 1 2 1 1.50 182-188
6 2 1 2 2 1 1 2 2 1 1.68 213-219
7 3 2 1 1 1 1 2 1 1 1.41 165-175
7-01 1 1 1 1 2 1 1 1 1 1.18 84-104
7-02 4 2 4 2 2 1 2 2 2 2.23 243-244
8 1 1 2 1 1 1 1 1 1 1.23 106-123
8-01 2 2 2 1 1 1 2 1 1 1.86 224-239
9 2 2 2 1 1 1 2 1 1 1.59 198-208
9-01 2 2 1 1 1 1 1 1 1 1.23 106-123
902 2 4 2 1 1 1 1 1 1 1.45 176-181
903 1 3 3 2 1 1 2 2 1 1.55 189-197
10 2 1 2 1 1 1 1 1 1 1.14 54-82
11 2 2 2 2 1 1 1 1 1 1.50 182-188
11-01 2 2 2 1 1 1 2 2 1 1.59 198-208
11-02 2 2 3 2 1 1 2 1 1 1.59 198-208
12 4 1 1 1 1 1 2 1 1 1.32 142-151
12-01 1 1 2 1 2 2 1 2 2 2.05 238-239
12-02 1 1 3 2 2 1 1 2 2 1.91 230-232
13 2 1 2 1 1 1 2 4 1 1.64 209-212
13-01 3 2 2 2 1 1 1 2 1 1.55 189-197
14 2 1 1 1 1 1 2 1 1 1.23 106-123
15 1 2 2 2 1 1 2 1 1 1.55 189-197
15-01 1 1 2 1 1 1 1 1 1 1.18 84-104
16 1 1 2 1 1 1 1 1 1 1.09 32-53
17-01 1 1 2 4 2 1 1 1 1 1.41 165-175
18 1 1 2 1 1 1 1 1 1 1.14 54-82
19 1 2 2 1 1 1 1 1 1 1.23 106-123
20 1 1 1 1 1 1 1 1 1 1.00 1-7
21 1 2 2 1 1 1 2 1 1 1.32 142-151
21-01 1 2 2 2 1 1 1 2 2 1.64 209-212
22 1 1 1 1 1 1 1 1 1 1.14 54-82
23 1 1 3 1 3 2 1 3 3 2.55 248
24 1 1 2 2 4 1 1 2 2 1.91 230-232
24-01 1 1 1 1 4 1 1 1 1 1.14 54-82
25 1 1 1 1 1 1 1 1 1 1.09 230-232
26 1 2 1 1 1 1 2 1 1 1.14 54-82
27 2 1 1 1 1 1 1 1 1 1.09 32-53
28 2 1 1 1 1 1 1 1 1 1.05 8-31
28-01 1 1 2 1 2 1 1 3 2 1.82 226-227
29 1 1 2 1 1 2 1 2 2 1.64 209-212
30 1 1 2 1 1 1 1 1 1 1.14 54-82
31 1 1 2 1 1 1 2 2 1 1.41 165-175
32-01 1 2 2 1 1 1 1 1 1 1.23 106-123
33 1 1 2 1 1 2 1 2 2 1.73 220-225
34 1 1 2 1 1 1 1 1 1 1.14 54-82
35 1 1 2 1 1 1 1 1 1 1.14 54-82
36 1 1 2 1 1 1 1 1 1 1.23 106-123
37 2 2 1 1 1 1 1 1 1 1.27 124-141
37-01 1 1 2 1 1 1 2 1 1 1.23 106-123
38 1 2 2 1 1 1 1 1 1 1.14 54-82
38-02 4 1 1 1 1 1 1 1 1 1.41 165-175
39 1 1 2 1 1 1 1 1 2 1.59 198-208
40 1 2 1 2 1 1 1 1 1 1.18 84-104
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Locality Rb Sb Se Sn Sr Th Tl U Y Mean Order
41 1 2 2 1 1 1 1 1 1 1.36 152-164
42 1 1 1 1 1 1 1 1 1 1.05 8-31
42-01 2 2 2 2 1 1 1 1 1 1.32 142-151
43 2 1 1 1 1 1 2 1 1 1.14 54-82
43-01 2 1 1 1 2 1 1 1 1 1.09 32-53
44 4 1 1 1 1 1 1 1 1 1.27 124-141
45 1 1 2 1 3 1 1 2 2 1.77 220-225
46 1 1 2 1 1 1 1 1 1 1.18 84-104
47 1 1 2 1 1 1 2 1 1 1.36 152-164
48 3 1 1 1 2 1 1 1 2 1.27 124-141
48-01 1 2 1 1 1 1 1 1 1 1.09 32-53
49 1 1 1 1 4 1 1 1 1 1.18 84-104
50 1 1 2 1 1 1 1 1 1 1.14 54-82
51 1 1 2 1 1 1 1 1 1 1.23 106-123
52 1 2 2 2 1 1 1 1 1 1.55 189-197
53 1 1 1 1 2 1 1 1 1 1.18 84-104
53-01 1 1 2 1 1 1 1 1 1 1.23 106-123
54 1 1 2 1 2 2 1 2 2 1.68 213-219
35 1 1 2 1 1 1 1 1 1 1.14 54-82
55-01 1 1 1 1 1 1 1 1 1 1.05 8-31
55-02 2 1 2 1 1 1 2 1 1 1.50 182-188
56 3 1 2 1 1 1 1 1 1 1.36 152-164
57 2 1 2 1 1 1 2 1 1 1.36 152-164
58 2 2 2 2 1 1 3 1 1 1.59 198-208
58-01 1 1 1 1 1 1 1 1 1 1.14 54-82
59 3 1 1 1 1 1 1 1 1 1.09 32-53
59-01 1 1 1 1 1 1 1 1 1 1.05 8-31
60 4 2 1 2 2 1 1 1 1 1.55 189-197
61 1 1 1 1 1 1 1 1 1 1.05 8-31
62 2 1 2 1 1 1 2 1 1 1.23 106-123
63 2 1 2 2 1 1 1 1 1 1.95 233-236
63-01 3 1 2 1 2 1 2 1 1 1.50 182-188
64 1 2 1 1 1 1 1 1 1 1.05 8-31
65 1 2 1 1 1 1 1 1 1 1.09 32-53
66-01 1 3 2 2 1 2 1 2 2 2.05 238-239
66-02 1 2 2 1 1 1 2 2 2 1.68 213-219
67 1 1 2 1 1 1 1 1 1 1.18 84-104
68 1 1 1 1 1 1 1 1 1 1.00 1-7
69 1 3 1 2 1 1 2 1 1 1.23 106-123
70 3 2 1 1 1 1 2 1 1 1.32 142-151
71 1 1 1 1 1 1 1 1 1 1.14 54-82
72 1 1 2 1 1 1 1 1 1 1.18 84-104
72-01 2 2 2 2 1 1 3 1 1 1.68 213-219
73 1 1 1 1 1 1 1 1 1 1.09 32-53
74 3 1 1 1 1 1 1 1 1 1.09 32-53
75 1 1 1 1 1 1 1 1 1 1.05 8-31
76 1 2 2 1 1 1 1 1 1 1.36 152-164
77 1 1 1 1 1 1 1 1 1 1.14 54-82
7701 1 1 1 2 2 2 1 3 3 1.95 233-236
78 1 2 1 1 1 1 1 1 2 1.41 165-175
79 1 2 1 1 2 1 1 1 2 1.41 165-175
80 1 3 2 2 1 1 1 1 2 1.59 198-208
81 4 1 1 1 1 1 1 1 1 1.27 124-141
82 1 1 2 1 1 1 1 2 1 1.23 106-123
83 2 1 2 1 1 1 1 1 1 1.27 124-141
83-01 1 1 1 1 1 1 2 2 1 1.18 84-104
83-02 1 1 2 1 1 2 2 2 2 1.68 213-219
84 1 2 2 1 2 2 2 2 2 1.77 220-225
85 1 2 2 1 1 1 1 1 1 1.36 152-164
86 1 1 1 1 1 1 1 1 1 1.05 8-31
87 1 1 1 1 1 1 1 1 1 1.09 32-53
87-01 1 1 1 1 1 1 1 3 1 1.14 54-82
88 1 2 1 2 1 1 1 1 1 1.23 106-123
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Locality Rb Sb Se Sn Sr Th Tl U Y Mean Order
89 1 1 1 1 1 1 1 1 1 1.18 84-104
90 1 1 1 1 1 1 2 1 1 1.05 8-31
91 2 1 1 1 1 1 1 1 1 1.09 32-53
92 1 2 2 2 1 2 2 2 2 1.83 226-227
93 1 2 2 2 1 1 1 2 2 1.59 198-208
94 1 2 1 1 1 1 1 1 1 1.32 142-151
94-01 1 1 1 1 1 1 1 1 1 1.14 54-82
95 1 2 1 2 1 1 2 1 1 1.41 165-175
96 1 1 2 1 1 1 2 2 2 1.45 176-181
96-01 1 1 1 1 1 1 1 1 1 1.05 8-31
96-02 1 1 1 1 2 2 2 2 2 1.51 230-232
97 1 2 2 1 1 1 1 1 2 1.45 176-181
98 1 2 1 2 1 1 2 2 1 1.55 189-197
98-01 1 2 2 3 1 1 2 2 1 2.00 237
98-02 1 3 2 4 1 1 2 2 2 2.29 245
99 1 1 1 1 2 1 1 1 1 1.05 8-31
99-01 1 1 1 1 1 1 1 1 1 1.14 54-82
100 1 2 1 1 1 1 1 1 1 1.05 8-31
101 1 2 1 2 1 1 1 1 1 1.18 84-104
102 1 2 2 2 1 1 2 2 2 1.77 220-225
103 2 2 1 1 1 1 2 1 1 1.27 124-141
104 1 2 1 1 1 1 1 1 1 1.23 106-123
105 1 2 1 1 1 1 1 1 1 1.14 54-82
106 1 1 1 1 2 1 1 1 1 1.09 32-53
107 1 2 1 1 1 1 1 1 1 1.18 84-104
108 2 2 2 1 1 1 2 1 1 1.36 152-164
109 2 2 2 2 1 1 2 2 2 1.77 220-225
110 1 3 1 4 1 1 1 1 1 1.59 198-208
111 1 4 1 4 1 1 1 1 1 1.36 152-164
112 1 1 1 1 1 1 1 1 1 1.18 84-104
113 1 2 1 1 2 1 1 1 1 1.32 142-151
114 1 2 2 2 1 1 2 1 1 1.59 198-208
115 2 2 2 2 1 1 2 1 2 1.55 189-197
116 1 1 1 1 1 1 1 1 2 1.14 54-82
117 1 1 1 1 1 1 1 2 2 1.36 152-164
117-01 1 2 1 2 2 1 1 2 2 1.77 220-225
118 1 1 1 4 1 1 1 1 2 1.36 152-164
119 1 1 1 1 2 1 1 1 1 1.59 198-208
120 3 1 1 1 1 1 2 2 1 1.36 12-164
121 1 1 1 1 1 1 1 1 1 1.14 84-82
122 1 1 1 1 1 1 1 1 1 1.09 32-53
123-01 1 2 2 2 1 1 1 1 1 1.45 176-181
123-02 1 1 2 1 1 1 1 2 1 1.50 182-188
123-03 2 1 2 2 1 1 1 1 1 1.41 165-175
124 1 1 1 1 2 1 1 1 1 1.18 84-104
125 1 1 1 1 1 1 1 1 1 1.19 105
126 1 2 1 1 1 1 1 1 1 1.18 84-104
127 1 2 1 1 2 1 1 2 1 1.14 54-82
128 2 2 1 1 1 1 2 2 1 1.27 124-141
129 1 1 1 1 1 1 1 1 1 1.09 32-53
130 1 1 1 1 1 1 1 1 1 1.14 54-82
131 1 1 1 1 1 1 1 1 1 1.18 84-104
132-01 2 1 1 1 1 1 2 1 1 1.27 124-141
133 1 1 1 1 1 1 1 1 1 1.05 8-31
134 1 1 1 1 1 1 1 1 1 1.14 54-82
135 1 1 1 1 1 1 1 1 1 1.05 8-31
136 2 1 1 1 1 1 2 1 1 1.23 106-123
137 2 2 1 1 2 1 1 1 1 1.27 124-141
138 1 1 1 1 1 1 1 2 2 1.32 142-151
139 1 1 1 1 1 1 1 1 1 1.00 1-7
140 2 2 1 1 1 1 2 1 1 1.27 124-141
141 1 1 1 1 1 1 1 1 1 1.18 84-104
141-01 1 1 1 1 1 1 1 1 1 1.14 54-82
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Locality Rb Sb Se Sn Sr Th Tl U Y Mean Order
141-02 1 1 2 1 2 2 1 2 2 1.59 198-208
142 1 1 1 1 1 1 1 1 1 1.05 8-31
143 1 1 1 1 1 1 1 1 2 1.32 142-154
144 1 1 1 1 1 1 1 2 1 1.09 32-53
145 1 1 1 1 1 1 1 1 1 1.00 1-7
146 1 1 1 1 1 1 1 1 1 1.05 8-31
147 1 1 1 1 1 1 1 1 1 1.05 8-31
148 1 2 1 1 1 1 1 1 1 1.14 54-82
149-01 1 1 1 1 2 4 1 3 3 2.14 240-242
150 1 1 2 1 1 1 1 1 1 1.27 124-141
151 1 1 1 1 2 1 1 1 1 1.09 32-53
152 2 1 1 1 1 1 1 1 1 1.09 32-53
153 1 1 1 1 1 1 1 1 1 1.18 84-104
154 2 1 1 1 1 1 1 1 1 1.09 32-53
155 1 2 1 1 1 1 1 1 1 1.18 84-104
156 2 2 1 2 1 3 2 3 2 1.86 228-229
157 1 1 1 1 1 1 1 1 1 1.18 84-104
158 1 1 1 1 1 2 1 2 2 1.55 189-197
159-02 1 1 1 1 2 3 1 2 4 2.36 246
160 1 1 1 1 1 2 1 2 1 1.36 152-164
161 3 1 1 1 1 1 1 1 1 1.27 124-141
161-01 1 1 1 1 1 1 1 1 1 1.00 1-7
162 1 1 1 1 1 1 1 1 1 1.00 1-7
163 1 1 1 1 1 1 1 1 1 1.09 32-53
164 1 1 1 1 1 1 1 1 2 1.50 182-188
165 1 1 1 1 3 1 1 1 1 1.41 165-175
165-01 1 1 1 1 1 1 1 1 1 1.05 8-31
166-01 1 1 1 1 2 2 1 1 2 1.41 165-175
167 2 1 1 1 1 1 1 1 1 1.18 84-104
168 2 1 1 1 2 1 1 1 1 1.14 54-82
168-01 2 1 1 1 1 1 1 1 1 1.05 8-31
169 1 1 1 1 2 1 1 1 1 1.14 54-82
169-01 1 1 1 1 1 1 1 1 1 1.09 32-53
170 1 1 1 1 1 2 1 2 2 1.27 124-141
170-01 1 1 1 1 1 1 1 1 1 1.00 1-7
171 2 1 1 1 1 1 1 1 1 1.05 8-31
172 4 1 1 1 1 1 1 1 1 1.23 106-123
173 1 1 1 1 1 1 1 1 1 1.14 54-82
174 1 1 1 1 1 1 1 1 2 1.09 32-53
175 1 1 1 1 1 2 1 2 2 141 | 165-175
175-01 1 1 1 1 2 4 1 4 4 2.50 247
176 1 1 2 1 2 4 2 4 4 2.64 249
177-01 1 1 1 1 4 4 1 3 4 2.68 250
178-01 1 1 1 1 1 1 1 1 1 1.05 8-31
179 1 1 1 1 1 1 1 1 1 1.05 8-31
180 2 1 1 1 1 1 1 1 2 1.45 176-181
181 1 1 1 1 1 1 1 1 2 1.23 106-123
181-01 1 1 1 1 1 2 1 1 1 1.27 124-141
182 1 1 1 1 1 1 1 1 1 1.27 124-141
183 1 1 1 1 1 1 1 1 2 1.27 124-141
183-01 1 1 1 1 2 1 1 1 1 1.27 124-141
184 2 1 1 1 1 1 1 1 1 1.05 8-31
184-01 2 2 1 1 1 1 3 1 1 1.32 142-151
185 1 2 1 1 1 1 1 1 1 1.09 32-53
186 2 1 1 1 1 1 3 2 1 1.27 124-141
187 1 1 1 1 4 2 1 4 4 2.14 240-242
188 1 1 1 1 2 2 1 1 2 1.68 213-219
189 3 1 1 1 1 1 2 1 1 1.36 152-164
190 1 1 1 1 1 1 1 1 2 1.27 124-141
191 1 1 1 1 1 1 1 1 1 1.05 8-31
192 2 1 1 1 1 1 1 1 1.14 83
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Locality Ag Ba Be Bi Ce Cs Ga In La Li Mn
1 100.2 7.7 3.1 140.2 2.8 128.7 2.3 8.7 3.3 4.6 38.4
1-01 108.1 8.8 3.2 87.6 3.0 22.5 2.4 6.4 3.5 4.2 115.8
1-02 92.6 9.3 3.4 99.7 3.0 17.4 2.3 7.8 3.6 4.8 116.4
2 90.0 5.1 2.7 129.8 2.7 54.4 2.2 8.2 3.3 4.0 60.5
3 49.5 4.0 2.4 50.8 2.4 34.5 1.8 4.0 2.9 2.0 74.5
3-01 60.7 4.4 2.6 57.2 2.4 28.4 1.9 4.0 3.0 2.2 439
3-02 92.3 12.1 2.9 65.1 2.4 56.8 2.1 5.3 3.0 2.2 49.2
4 47.6 6.5 3.2 52.2 2.4 24.8 2.0 4.6 2.8 4.0 61.6
4-01 71.0 10.0 3.1 48.9 2.0 45.2 2.1 4.2 2.4 3.6 42.0
5 92.2 7.8 3.5 116.8 2.5 124.8 2.5 7.1 3.1 8.1 36.2
5-01 51.3 8.2 2.5 502.8 3.1 6.2 1.5 4.0 3.8 3.5 34.2
6 94.4 10.1 3.9 89.4 2.7 86.5 2.1 6.3 3.3 2.5 50.4
7 110.6 16.6 3.9 74.4 2.5 155.0 2.6 7.3 3.1 9.2 115.8
7-01 41.1 9.8 3.0 49.8 2.6 6.0 2.2 3.1 3.2 7.5 86.9
7-02 40.3 6.0 3.5 48.0 2.3 56.0 1.8 4.1 2.7 4.8 150.5
8 72.5 6.5 4.1 74.1 4.0 24.3 1.8 4.9 4.6 3.3 51.9
8-01 143.0 8.6 3.4 150.3 3.1 86.9 2.2 7.3 3.8 4.1 97.9
9 88.5 24.1 5.2 90.3 2.8 114.8 2.0 5.7 3.3 3.5 73.7
9-01 73.4 8.7 4.3 88.1 2.8 58.5 2.2 4.2 3.2 3.9 59.9
902 114.3 10.5 3.7 135.0 3.3 35.1 2.3 7.0 4.0 3.5 177.0
903 124.6 8.6 3.7 133.8 3.1 29.4 2.2 8.8 3.9 3.4 44.1
10 91.2 8.9 3.6 105.8 3.2 58.2 2.3 6.5 3.9 3.1 75.0
11 202.3 16.1 3.0 141.6 2.9 42.0 2.3 7.4 3.6 2.6 97.3
11-01 99.3 10.2 3.3 119.7 3.1 217.3 2.3 7.5 3.7 2.6 59.4
11-02 128.6 9.7 3.5 124.6 2.1 51.1 2.3 7.4 2.6 5.1 47.2
12 61.4 10.8 4.9 76.2 2.4 211.8 2.2 6.4 3.0 6.0 74.3
12-01 54.4 5.8 4.8 53.5 3.0 13.3 2.1 4.8 3.4 6.3 137.9
12-02 57.2 6.3 3.4 51.6 2.2 11.0 1.8 5.0 2.7 4.3 85.9
13 81.8 9.5 3.6 212.2 4.6 174.6 2.3 6.5 4.5 3.8 32.6
13-01 65.5 5.7 3.0 81.4 2.6 27.5 2.2 4.8 3.0 3.6 121.7
14 131.9 6.8 3.2 117.7 2.6 41.0 2.5 7.9 3.1 5.0 59.6
15 101.2 12.60 3.6 110.9 2.5 24.1 2.8 7.1 3.0 4.5 146.9
15-01 99.3 8.5 3.6 99.0 2.7 39.5 2.3 6.3 3.2 4.0 90.4
16 56.0 7.8 3.2 92.1 2.7 27.1 2.2 4.8 3.3 4.3 173.5
17-01 67.6 9.2 2.7 75.3 2.9 19.4 1.9 4.5 3.5 3.4 96.5
18 48.4 3.4 3.0 71.0 2.4 21.1 2.0 3.8 2.8 4.2 162.6
19 91.2 12.2 3.0 96.5 2.6 13.3 2.4 6.4 3.1 5.4 94.9
20 72.9 11.0 3.6 72.8 2.5 12.6 2.3 4.8 2.9 4.9 152.7
21 117.2 7.9 4.1 105.4 2.5 113.1 2.7 6.7 3.0 5.5 47.4
21-01 118.7 10.4 4.2 91.9 2.9 11.2 2.8 7.3 3.4 5.2 150.1
22 67.1 9.2 4.0 88.2 2.9 43.4 2.2 6.3 3.4 5.4 123.0
23 20.8 3.7 4.9 28.6 2.6 9.4 1.8 2.9 3.3 5.4 66.0
24 45.9 6.2 3.1 57.1 2.3 6.5 1.9 4.5 3.5 4.0 188.5
24-01 33.5 4.4 2.3 40.1 2.4 4.8 1.7 3.5 2.9 4.6 20.9
25 70.7 6.2 3.3 76.1 2.3 28.1 2.1 3.6 2.8 4.1 209.4
26 48.2 4.8 3.3 64.5 2.6 47.1 1.9 3.1 3.2 3.9 43.7
27 85.8 5.6 3.1 95.2 2.8 88.1 2.2 4.3 3.3 3.9 97.0
28 65.7 11.1 2.3 85.3 2.3 27.0 1.8 6.2 2.8 4.8 86.4
28-01 50.9 4.9 3.1 55.0 2.3 13.8 1.8 4.1 2.6 5.1 103.2
29 30.2 3.6 3.0 56.1 3.7 12.3 1.8 3.9 4.5 3.8 55.5
30 65.4 4.2 3.5 72.1 2.8 229 2.0 3.4 3.4 4.0 67.4
31 70.4 5.9 3.2 85.2 2.8 33.0 2.2 6.1 3.4 3.9 75.9
32-01 115.5 9.1 3.7 84.4 2.7 22.6 2.4 5.0 3.2 4.8 146.2
33 24.9 2.4 2.7 36.6 2.4 6.5 2.0 3.7 2.8 5.2 27.3
34 41.2 3.8 3.2 43.4 2.4 22.1 1.9 3.9 2.8 4.7 74.6
35 52.8 6.3 4.0 79.1 3.0 11.5 2.2 3.8 3.5 4.4 92.9
36 65.5 4.8 3.2 71.6 3.1 12.9 2.3 4.6 3.6 5.4 121.2
37 79.4 8.0 3.4 83.3 2.7 17.4 2.3 5.3 3.2 5.0 139.7
37-01 95.1 7.5 3.2 80.3 2.8 26.5 2.4 5.4 3.3 5.0 118.7
38 44.4 6.4 3.1 68.7 2.4 16.8 2.2 5.2 2.9 5.1 133.6
38-02 133.5 9.7 3.4 158.4 2.3 319.4 2.1 7.3 2.9 5.5 117.9
39 23.6 3.0 3.6 35.7 2.5 7.6 1.9 3.9 2.9 9.3 26.0
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Locality Ag Ba Be Bi Ce Cs Ga In La Li Mn

40 67.3 5.9 3.3 83.3 2.8 18.5 2.2 4.6 3.3 4.3 175.3
41 139.2 10.0 3.8 120.0 2.9 25.8 2.6 7.8 3.4 4.7 100.4
42 103.2 8.3 2.5 74.0 2.6 15.3 2.3 4.6 2.9 5.3 61.8
42-01 103.9 6.3 3.2 72.7 2.8 49.2 2.3 5.3 3.3 4.1 58.0
43 123.7 12.5 3.6 123.9 3.2 48.6 2.4 7.3 3.8 7.1 94.5
43-01 86.1 10.9 5.0 87.2 3.1 43.2 2.2 4.2 3.8 6.9 65.5
44 101.4 11.5 8.0 90.6 2.9 507.4 2.5 5.7 3.5 7.8 204.1
45 19.0 4.1 2.2 23.6 3.3 6.9 1.7 2.4 3.9 2.7 20.0
46 31.4 3.9 2.9 43.2 2.4 8.2 1.7 3.9 2.9 5.8 6.0
47 194.5 10.1 2.7 182.2 2.7 125.3 2.5 7.6 3.2 3.6 39.7
48 28.1 5.9 2.5 18.3 2.3 6.3 1.6 2.6 2.9 5.5 32.8
48-01 39.7 3.4 3.1 40.3 2.4 16.6 1.8 4.2 2.8 4.3 117.3
49 43.9 7.3 2.6 56.3 2.5 9.2 1.9 4.9 3.0 4.0 30.6
50 54.3 4.2 2.2 50.0 2.4 23.4 1.8 4.1 2.8 3.8 241.2
51 51.0 9.1 3.3 49.4 2.3 9.1 1.9 7.1 2.8 4.4 153.4
52 34.4 7.7 2.9 47.4 2.3 7.2 1.9 4.2 2.7 4.5 184.5
53 62.2 9.4 2.5 36.3 3.1 7.4 1.7 3.1 3.9 5.4 8.9
53-01 45.2 4.4 3.4 73.4 2.9 10.3 2.2 4.0 3.5 4.8 89.7
54 47.2 8.0 2.7 78.2 3.4 8.5 2.6 4.0 4.0 4.2 350.5
55 74.1 8.2 2.8 93.7 3.0 13.2 2.6 4.9 3.6 4.3 202.8
55-01 72.3 5.3 2.9 75.1 2.4 29.7 2.1 3.9 2.9 4.0 108.2
55-02 92.0 33.8 2.8 94.4 2.5 57.1 2.3 6.3 3.0 4.5 109.2
56 169.8 13.9 3.7 147.4 2.4 76.2 2.7 8.6 2.9 4.5 73.1
57 190.2 22.0 2.4 136.7 2.5 106.7 2.8 6.8 2.9 3.4 133.4
58 177.0 11.6 3.0 107.7 2.7 74.0 3.0 8.1 3.2 4.2 87.3
58-01 105.2 9.2 3.4 75..1 3.2 17.2 2.5 5.7 3.8 4.8 144.6
59 102.1 6.5 3.7 93.0 2.9 26.8 2.4 5.4 3.5 5.6 207.7
59-01 145.2 11.1 3.2 117.7 2.6 62.3 2.3 6.2 3.2 6.1 121.7
60 121.4 9.5 3.8 101.3 2.5 325.9 2.2 5.3 3.0 5.8 121.6
61 41.0 3.9 3.2 66.9 2.4 11.8 1.9 4.1 2.9 4.3 131.1
62 88.6 4.3 3.0 79.1 2.4 28.8 2.0 4.1 2.8 3.6 37.1
63 122.0 12.9 8.4 97.3 2.4 22.6 2.1 6.9 2.8 4.4 116.0
63-01 115.4 15.4 3.5 112.0 2.7 39.1 2.5 7.0 3.3 4.9 140.0
64 49.7 6.9 3.6 74.9 2.8 39.5 2.3 4.8 3.3 5.9 101.2
65 45.4 5.3 3.2 54.5 2.4 9.6 2.0 4.6 2.9 4.7 181.2
66-01 47.7 5.6 4.3 56.3 2.3 20.8 2.0 4.2 2.8 5.1 87.1
66-02 27.4 3.7 3.9 42.0 2.4 11.6 1.9 3.6 2.9 5.2 21.4
67 45.3 6.1 3.2 58.2 2.8 14.7 2.1 4.6 3.3 5.3 87.1
68 429 8.3 2.6 69.4 2.4 8.2 2.2 4.8 2.9 4.4 92.7
69 48.4 6.1 3.0 63.1 2.8 72.3 2.2 5.0 3.3 4.6 29.0
70 121.6 8.4 3.3 92.0 2.8 154.7 2.3 6.6 3.5 4.7 83.1
71 57.3 5.2 7.3 69.7 2.3 30.4 2.0 3.9 2.7 4.0 146.3
72 72.7 9.2 3.8 70.4 3.0 10.9 2.0 5.9 3.5 4.3 41.0
72-01 186.5 29.7 2.8 136.4 2.7 38.9 2.4 9.0 3.3 5.2 31.8
73 124.1 12.8 2.3 85.9 2.5 35.1 2.1 6.8 2.9 4.4 124.6
74 100.0 7.4 3.8 105.1 2.6 27.5 2.3 5.4 3.1 5.4 154.8
75 66.3 11.8 2.1 72.0 2.5 11.7 2.2 4.0 3.0 4.0 239.5
76 81.6 7.7 3.1 90.1 3.0 12.2 2.6 6.6 3.5 5.0 103.2
77 83.5 10.0 5.2 78.7 2.9 20.9 2.3 4.5 3.4 4.2 102.9
77-01 29.3 6.3 3.2 33.7 3.9 5.5 2.0 3.4 4.6 6.1 17.6
78 55.1 7.4 3.1 66.5 3.1 9.8 2.2 4.7 3.6 4.4 208.3
79 54.5 8.9 2.3 55.5 3.0 7.1 2.0 3.9 3.5 4.3 118.0
80 67.1 6.2 2.6 52.5 3.6 6.9 2.1 4.1 4.2 4.7 101.1
81 92.1 8.4 6.0 74.5 2.9 192.8 2.4 4.9 3.3 5.8 137.6
82 49.8 5.9 3.0 61.9 2.7 8.5 2.1 5.1 3.1 4.7 85.7
83 81.2 6.0 2.6 70.7 2.9 39.0 2.2 7.0 3.4 4.3 168.9
83-01 40.0 5.3 2.7 65.2 3.0 18.2 2.1 3.4 3.7 4.1 55.6
83-02 35.7 3.9 2.8 73.5 2.9 7.1 2.1 4.1 3.4 4.9 44.7
84 28.3 7.8 2.8 53.0 2.9 6.0 2.1 4.2 3.4 4.7 100.3
85 75.9 7.6 3.8 101.5 2.7 13.2 2.4 6.4 3.2 5.2 104.3
86 99.7 19.6 4.1 90.1 3.2 21.5 2.6 5.6 3.8 4.0 213.5
87 138.2 8.8 2.7 80.3 2.6 31.6 2.1 6.0 3.1 5.0 102.1
87-01 75.6 11.3 2.8 71.5 3.0 10.9 2.2 6.9 3.6 4.6 140.2
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Locality Ag Ba Be Bi Ce Cs Ga In La Li Mn

88 92.1 9.7 3.0 89.6 2.8 27.1 2.1 5.3 3.3 4.2 90.1
89 76.2 7.0 3.8 70.5 3.4 13.5 2.3 5.1 4.0 3.9 248.9
90 54.6 3.2 3.4 75.6 2.2 16.3 2.1 4.4 2.6 3.4 125.2
91 68.0 5.3 2.8 71.8 2.7 22.9 2.2 5.3 3.2 4.0 87.2
92 64.4 5.9 3.0 69.5 2.6 11.3 2.1 5.3 3.1 4.5 71.3
93 67.0 7.2 2.5 79.8 2.9 9.6 2.1 5.6 3.3 5.4 88.7
94 43.2 6.8 2.3 47.1 2.4 6.7 1.7 3.7 2.8 4.9 135.4
94-01 83.8 10.2 2.4 60.1 2.4 11.4 1.9 5.0 2.7 5.3 105.3
95 62.3 11.5 2.6 84.2 2.3 19.0 2.0 6.2 2.7 4.5 37.0
96 78.7 7.6 2.9 65.0 2.6 17.3 2.4 5.7 3.0 4.1 96.7
9601 60.7 5.2 2.3 69.0 2.4 24.6 2.2 5.3 2.8 3.8 95.7
96-02 36.8 8.3 2.4 47.3 2.4 7.0 2.1 4.3 2.9 4.0 98.0
97 77.5 11.0 4.1 78.2 3.2 19.3 2.5 6.2 3.8 4.8 132.1
98 174.4 29.1 4.0 105.4 2.7 17.9 2.3 10.0 3.1 5.7 126.6
98-01 150.2 14.2 2.6 157.2 2.9 68.5 2.6 10.7 3.4 3.6 40.7
98-02 166.7 10.0 3.1 163.5 3.0 30.0 2.7 10.6 3.5 3.8 45.1
929 31.7 7.0 2.2 39.3 2.6 4.7 2.0 3.8 3.0 4.1 56.5
99-01 53.6 5.2 3.0 47.9 2.5 8.1 1.9 3.8 2.9 3.6 218.5
100 74.6 8.8 2.6 79.7 2.3 11.0 2.1 4.4 2.8 3.6 152.7
101 69.9 5.3 2.4 62.2 2.4 14.0 2.0 4.2 2.8 3.6 103.8
102 114.8 11.4 4.0 129.6 2.4 31.0 2.5 10.5 2.8 5.2 69.1
103 72.6 7.6 2.5 103.7 2.1 60.0 1.7 5.1 2.6 3.0 97.2
104 59.7 5.0 2.9 62.4 2.4 8.6 2.2 4.3 3.0 3.5 351.6
105 118.8 14.9 3.0 118.3 2.9 23.3 2.4 6.3 3.5 3.7 245.5
106 63.4 10.5 2.7 65.7 2.3 9.8 1.9 3.5 2.7 4.2 156.1
107 36.3 5.3 2.3 39.9 2.1 7.2 1.7 3.6 2.5 4.6 77.3
108 62.4 7.8 2.3 58.1 2.4 38.4 1.9 4.7 2.8 4.2 87.3
109 74.9 4.5 2.4 64.1 2.3 17.2 2.0 5.1 2.7 3.9 47.4
110 151.8 6.1 2.8 434.0 2.6 7.8 2.0 16.9 3.1 3.4 110.4
111 196.6 10.0 4.0 102.1 2.8 11.6 2.4 13.3 3.3 3.9 222.4
112 66.2 9.8 3.2 232.9 2.7 10.4 2.3 5.2 3.2 4.1 184.9
113 59.2 10.3 3.8 72.5 2.9 13.5 2.1 5.2 3.3 5.8 95.4
114 225.5 19.9 3.6 187.4 2.2 53.7 3.2 14.1 2.7 4.5 100.2
115 55.0 6.3 2.5 60.2 2.4 18.4 2.1 4.9 3.0 4.0 86.2
116 45.7 6.0 2.7 46.1 3.0 7.4 1.8 3.9 3.6 4.8 66.7
117 34.5 6.4 2.7 54.2 2.8 6.5 2.0 4.1 3.1 5.6 71.0
117-01 57.5 8.2 4.3 65.9 3.0 10.8 2.1 5.0 3.6 5.5 63.7
118 52.7 5.8 4.0 54.2 3.0 229 2.2 4.2 3.3 5.3 47.9
119 68.5 18.4 2.3 55.3 2.4 9.5 1.9 4.4 3.0 4.5 51.7
120 86.0 6.3 2.3 79.1 2.4 71.7 2.1 6.4 2.9 5.0 63.0
121 62.7 6.2 2.7 78.1 2.7 11.9 2.1 5.5 3.2 5.1 108.0
122 38.3 7.9 2.9 53.1 3.3 6.5 2.1 4.0 3.8 5.3 148.9
123-01 110.6 14.3 3.3 104.6 2.4 12.5 2.3 8.2 3.0 6.2 37.2
123-02 120.9 16.0 4.2 94.9 2.6 16.9 2.5 7.1 3.1 4.8 46.9
123-03 126.9 12.8 3.5 118.4 2.0 20.0 2.2 7.9 2.4 3.8 53.6
124 51.2 13.5 2.2 77.2 2.3 8.2 2.1 4.0 2.8 3.3 286.4
125 66.2 4.8 3.2 103.3 2.5 12.9 2.3 4.3 3.0 4.1 339.1
126 104.4 11.9 2.9 113.1 2.7 30.7 2.5 6.1 3.2 3.8 219.3
127 32.0 9.4 2.4 71.6 2.5 9.2 2.0 4.2 3.0 3.6 123.6
128 54.8 8.8 3.4 76.2 2.9 36.1 2.1 5.5 3.4 5.3 80.4
129 49.4 8.0 3.2 62.6 2.8 10.8 2.0 4.5 3.3 5.4 122.8
130 28.7 3.7 2.8 40.2 2.3 7.9 1.8 3.5 2.7 5.1 70.9
131 107.6 7.5 2.7 61.9 2.6 20.1 2.1 4.4 3.1 4.3 189.4
132-01 102.3 8.6 2.5 92.9 2.2 27.8 2.2 5.5 2.7 4.0 103.4
133 49.4 13.4 2.0 50.2 1.9 7.3 1.9 3.2 2.3 4.3 128.6
134 64.1 8.9 2.9 68.3 2.4 13.1 2.0 4.3 2.9 4.0 218.3
135 70.1 10.6 4.9 76.6 2.9 32.0 2.1 4.2 3.5 4.9 106.1
136 65.1 5.3 3.0 72.6 2.6 41.8 1.9 5.2 3.1 4.4 53.9
137 59.7 8.4 2.8 65.3 2.3 20.6 2.0 6.1 2.8 4.9 63.0
138 42.2 5.4 2.0 52.0 2.5 8.8 1.9 4.1 3.0 4.3 107.7
139 46.6 10.3 2.3 49.5 2.8 7.1 2.0 4.0 3.5 4.0 94.1
140 65.6 7.5 3.9 65.1 2.6 17.5 1.9 4.3 3.0 6.4 315.9
141 87.3 14.2 2.8 59.2 2.6 13.4 2.3 5.6 3.0 5.1 134.5
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141-01 74.3 15.7 2.5 60.5 2.3 14.6 2.2 5.6 2.7 3.9 121.8
141-02 32.6 6.4 3.7 31.6 2.3 6.7 1.8 3.2 2.6 4.6 26.3
142 422 12.4 2.4 63.1 2.6 48.5 2.0 3.1 3.2 3.7 163.8
143 43.6 12.4 2.7 51.6 2.6 8.8 1.9 3.6 3.1 5.4 126.2
144 83.2 10.0 2.7 80.9 2.4 16.1 2.1 4.2 2.7 4.2 109.4
145 78.8 13.7 2.2 77.1 2.2 29.9 2.0 5.0 2.6 4.3 166.1
146 43.6 5.0 2.8 52.6 2.2 7.9 1.8 3.7 2.6 4.5 146.2
147 68.1 11.8 4.1 68.8 2.4 11.1 2.1 4.7 2.9 4.6 273.4
148 93.4 8.6 3.0 95.4 2.3 21.0 2.1 6.0 2.8 4.5 125.4
149-01 28.4 7.4 2.5 40.3 4.5 5.2 1.5 2.9 5.3 3.8 40.2
150 73.1 8.4 3.7 88.2 3.2 15.1 2.2 5.4 3.6 5.4 139.1
151 83.0 10.9 2.9 53.5 2.7 6.9 1.8 4.7 3.2 4.6 753
152 39.3 5.9 3.2 53.4 2.2 17.8 1.5 4.5 2.6 3.7 104.6
153 51.1 8.9 4.3 59.6 2.3 15.8 1.7 5.6 2.7 5.3 149.0
154 47.1 6.7 2.9 55.8 2.3 19.2 1.7 4.1 2.8 4.6 102.2
155 47.2 7.6 2.6 62.2 2.1 6.6 1.7 4.4 2.4 3.7 80.1
156 46.8 5.9 4.1 59.0 3.2 16.3 1.8 4.4 3.6 4.6 73.3
157 46.2 8.5 2.8 63.6 3.0 11.1 2.1 4.5 3.6 4.6 169.1
158 329 5.2 3.3 48.3 2.9 8.8 2.1 3.5 3.4 6.7 101.9
159-02 26.2 7.2 2.3 38.6 3.8 5.1 1.7 2.7 4.3 6.0 24.3
160 54.5 8.4 3.2 62.4 4.4 17.0 2.2 4.3 5.2 5.2 106.9
161 202.0 20.9 2.7 155.9 2.3 539.7 2.0 7.2 2.9 4.2 184.4
161-01 93.2 14.6 2.4 122.4 2.3 25.1 2.1 6.8 2.8 4.6 129.7
162 69.9 13.0 3.5 70.4 2.8 30.5 2.2 4.6 3.3 6.0 226.9
163 48.2 10.2 3.6 50.3 2.8 14.8 2.0 4.2 3.4 4.5 144.4
164 50.2 7.9 3.4 57.1 2.8 12.1 2.1 4.6 3.5 4.0 129.0
165 59.5 24.0 2.6 50.8 3.2 5.8 2.0 3.5 3.7 5.3 176.8
165-01 41.5 10.2 2.3 48.3 3.4 6.1 1.9 3.4 4.1 5.1 28.7
166-01 40.7 14.9 3.4 51.2 4.2 5.8 1.7 3.3 5.0 4.6 72.2
167 77.6 13.8 2.4 59.7 2.3 72.1 1.9 4.0 2.8 4.1 91.0
168 61.1 18.8 2.3 69.6 2.9 43.4 2.1 5.5 3.5 4.0 128.4
168-01 80.3 12.9 2.7 69.2 2.6 353 2.1 4.4 3.0 4.0 120.3
169 45.8 9.4 2.9 58.7 3.1 12.1 2.3 4.3 3.7 4.4 191.9
169-01 47.8 9.9 2.2 65.0 2.3 9.9 1.9 4.7 2.7 4.5 178.9
170 44.8 8.4 2.5 43.2 3.6 8.6 2.0 3.5 4.2 5.0 98.1
170-01 52.1 9.2 3.6 55.4 2.9 9.5 2.1 4.7 3.3 4.8 170.1
171 72.0 9.9 2.4 72.5 2.3 41.9 2.0 4.6 2.7 4.0 37.3
172 77.5 8.2 2.5 120.9 2.4 221.6 2.3 6.1 2.8 5.1 130.8
173 54.6 15.4 2.0 77.3 2.6 8.2 2.3 5.3 3.0 4.4 167.5
174 33.4 5.5 2.6 40.6 2.8 7.4 1.9 3.6 3.2 4.1 48.8
175 30.1 6.0 3.0 41.4 3.8 5.8 2.3 3.2 4.4 5.7 98.3
175-01 17.6 3.0 2.1 21.1 3.9 5.1 1.4 2.1 4.6 4.1 3.9
176 12.7 3.0 2.1 33.2 3.9 5.5 1.5 2.6 4.6 4.2 12.3
177-01 13.6 5.8 2.3 28.5 3.3 4.5 1.7 2.6 3.5 7.0 30.4
178-01 41.1 8.3 2.6 58.6 3.4 6.0 1.8 3.3 4.0 3.8 100.6
179 47.4 6.2 3.5 59.1 3.1 14.1 2.1 4.6 3.6 5.0 154.1
180 40.4 6.0 3.6 58.9 2.9 9.0 2.2 4.2 3.4 5.3 149.6
181 47.8 5.1 2.4 60.4 2.7 8.6 2.5 4.8 3.2 7.5 147.6
181-01 24.1 3.3 2.3 35.9 2.6 4.9 1.6 3.3 3.0 4.5 33.6
182 36.8 10.2 2.6 53.8 2.9 6.4 2.1 3.3 3.5 6.9 158.5
183 35.7 6.3 2.8 46.5 2.8 4.7 1.9 3.0 3.2 6.8 47.0
183-01 60.9 11.1 3.5 55.8 2.8 7.3 2.0 3.9 3.2 5.7 74.5
184 82.9 9.6 3.3 86.5 2.6 48.6 2.3 4.1 3.2 5.4 133.9
184-01 46.3 17.3 2.8 77.5 2.9 713 2.0 4.6 3.3 5.3 95.0
185 49.9 11.0 3.9 68.5 2.5 21.4 2.0 4.7 2.9 4.8 162.5
186 39.3 4.5 5.4 67.5 3.1 17.1 2.2 4.5 3.5 5.2 143.5
187 10.3 4.1 2.2 21.4 2.6 4.3 1.7 2.6 3.1 5.4 3.2
188 20.8 10.4 2.4 39.5 2.6 6.4 1.7 3.1 2.8 6.5 37.0
189 70.0 12.7 2.9 74.6 2.6 40.4 2.1 4.2 3.1 4.9 196.9
190 39.5 6.1 2.6 50.6 2.8 5.6 1.9 3.9 3.4 6.4 159.6
191 55.2 6.7 2.9 81.8 2.6 10.4 2.1 3.9 3.1 5.4 258.4
192 74.5 15.8 2.6 111.9 2.1 25.5 2.0 4.7 2.5 4.9 265.3
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1 2.7 139.3 164.9 1812.1 22.1 4.0 2.96 251.8 4.2 1.6
1-01 2.8 100.7 122.5 1252.1 15.6 4.2 3.45 16.8 4.6 1.6
1-02 2.9 85.7 139.5 1253.0 16.6 4.5 3.30 19.9 4.6 1.7
2 2.6 77.2 146.0 1421.1 20.6 1.8 3.11 72.7 4.2 1.4
3 2.2 57.6 50.3 703.7 8.5 2.5 3.01 18.7 5.9 1.1
3-01 2.3 45.5 69.5 985.0 9.9 2.9 2.93 11.6 5.7 1.3
3-02 2.3 135.2 95.5 1406.3 13.5 3.9 2.54 26.4 5.8 1.4
4 2.3 32.2 67.4 758.1 9.0 2.7 2.80 11.5 5.2 1.4
4-01 1.9 89.0 56.6 736.7 9.2 2.6 2.53 20.2 5.6 1.2
5 2.4 173.5 139.8 1452.5 18.6 3.2 2.56 165.6 3.9 1.5
5-01 2.9 28.4 46.3 415.7 6.4 5.4 3.23 5.8 3.3 1.2
6 2.4 117.3 72.3 1093.5 14.1 3.6 3.37 56.3 5.7 1.3
7 2.4 282.2 159.1 1166.3 20.5 8.3 2.30 54.4 3.3 1.5
7-01 2.4 13.9 68.1 613.2 8.8 8.6 2.26 4.9 2.5 1.5
7-02 2.1 182.7 68.2 2003.2 13.7 3.6 2.48 17.8 3.5 1.2
8 3.7 86.7 93.2 1075.7 10.2 4.8 3.49 9.0 3.8 1.8
8-01 3.0 200.7 176.1 1808.1 18.9 4.1 3.16 49.9 4.2 1.5
9 2.6 112.4 168.4 1437.9 16.3 3.0 2.81 68.9 4.6 1.5
9-01 2.5 182.4 201.8 1437.7 15.7 5.6 2.85 11.4 4.4 1.6
902 3.0 126.4 364.0 2289.2 16.4 5.6 3.34 20.1 5.1 1.5
903 3.0 56.3 177.1 1826.3 21.0 3.2 3.19 44.9 5.0 1.5
10 3.1 150.3 161.8 1823.8 15.9 5.2 2.88 23.2 6.1 1.5
11 2.7 144.8 174.7 1734.4 23.0 5.7 2.66 22.8 4.4 1.4
11-01 2.8 190.1 163.8 1825.8 17.2 4.5 3.24 70.0 5.6 1.4
11-02 2.1 121.3 141.0 1695.8 19.3 2.8 2.32 58.0 3.8 1.3
12 2.3 316.1 86.9 1043.3 14.0 6.2 2.78 50.7 4.3 1.3
12-01 2.8 27.0 16.2 701.5 6.0 4.6 2.42 11.9 3.6 1.6
12-02 2.2 34.1 26.7 932.2 7.7 3.8 1.80 7.3 2.9 1.6
13 3.1 141.3 102.9 1522.5 18.1 3.9 3.33 58.7 14.4 1.6
13-01 2.4 183.7 108.3 1294.9 14.3 3.3 2.77 13.8 4.8 1.4
14 2.5 187.9 131.5 1293.8 19.7 3.3 2.59 41.2 4.2 1.6
15 2.4 72.4 110.5 1080.7 16.2 2.8 2.51 36.8 4.3 1.5
15-01 2.6 85.8 55.5 1408.5 12.2 3.6 2.41 28.5 3.9 1.6
16 2.6 88.8 109.7 1448.1 15.0 5.9 2.54 19.0 3.5 1.4
17-01 2.7 52.4 78.3 911.3 38.1 6.6 2.67 18.4 3.6 1.3
18 2.2 64.4 84.9 1074.4 12.1 3.0 2.25 23.4 3.3 1.3
19 2.5 35.8 128.9 1350.9 19.6 4.5 2.72 13.2 4.0 1.6
20 2.4 35.0 125.7 1085.2 13.8 4.2 2.32 13.0 3.6 1.6
21 2.5 100.9 157.5 1376.3 19.2 3.4 2.28 56.7 4.1 1.7
21-01 2.8 41.8 114.1 1007.1 16.6 4.2 2.69 21.1 4.8 1.9
22 2.8 90.3 90.3 1050.9 9.9 5.8 3.12 23.6 4.4 1.4
23 2.4 14.6 15.4 475.3 3.8 3.7 2.28 5.2 2.8 1.2
24 2.3 23.0 43.0 732.2 8.4 11.0 1.94 9.0 3.0 1.4
24-01 2.3 45.1 40.0 484.6 6.7 13.3 2.11 6.6 2.5 1.2
25 2.2 91.0 121.6 1239.3 13.7 3.0 2.36 30.9 3.4 1.3
26 2.4 76.2 116.6 925.1 11.2 2.4 2.77 44.2 4.1 1.3
27 2.7 155.3 112.9 1437.5 13.1 3.3 2.99 34.6 4.4 1.6
28 2.2 146.3 119.5 1197.3 13.5 6.2 2.23 12.2 3.3 1.3
28-01 2.2 25.8 16.5 865.6 5.6 5.0 1.96 9.9 4.6 1.4
29 3.6 30.3 50.9 747.7 7.4 3.1 3.90 9.6 3.9 1.5
30 2.7 95.5 123.7 1273.4 12.2 3.2 2.77 20.3 4.3 1.5
31 2.7 774 79.5 1038.4 11.1 3.1 3.01 27.5 4.7 1.5
32-01 2.6 48.8 143.9 1396.7 16.1 4.0 2.69 14.3 4.0 1.6
33 2.3 10.4 39.4 717.2 6.4 1.5 2.41 9.5 3.2 1.3
34 2.4 50.0 82.9 1206.0 11.1 2.8 2.28 13.1 3.2 1.3
35 2.8 68.2 95.2 1146.6 11.1 3.7 3.42 17.5 4.6 1.7
36 2.9 59.1 88.8 1080.0 11.8 3.1 3.07 15.5 3.8 1.7
37 2.6 88.2 110.6 910.4 13.9 3.9 2.82 14.1 4.0 1.5
37-01 2.7 77.6 103.2 1054.2 13.7 3.4 2.61 28.8 4.0 1.8
38 2.3 61.6 102.8 1227.3 12.3 3.6 2.30 9.4 3.9 1.4
38-02 2.2 429.1 132.6 1126.3 18.5 7.7 2.17 19.3 5.4 1.1
39 2.4 22.6 46.4 963.7 7.2 2.5 2.20 8.0 2.5 1.3
40 2.7 78.8 131.7 1026.8 22.7 3.3 2.92 229 4.1 1.6
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41 2.7 64.3 153.7 2048.5 20.2 3.9 2.33 19.8 4.1 1.9
42 2.4 84.3 88.2 871.9 14.7 5.9 2.42 14.4 3.3 1.6
42-01 2.7 97.3 111.4 988.8 18.1 4.8 3.14 30.3 4.0 1.8
43 3.1 203.9 133.1 1564.2 22.9 8.6 2.86 21.2 4.7 1.5
43-01 3.0 185.12 98.6 976.9 17.6 10.1 2.86 16.3 4.3 1.4
44 2.8 446.8 174.5 1135.2 214 8.2 2.63 33.1 5.0 1.4
45 3.1 24.7 13.4 576.1 3.4 5.0 1.54 3.3 2.4 1.3
46 2.5 9.4 24.4 895.5 6.0 3.7 2.63 5.9 2.5 1.3
47 2.6 307.2 122.1 2250.6 18.8 3.6 3.33 80.1 4.7 1.6
48 2.4 17.3 47.1 399.5 8.3 6.3 2.39 3.0 2.9 1.6
48-01 2.3 58.5 130.3 742.4 12.5 2.4 2.20 15.0 2.9 1.3
49 2.3 67.0 95.7 953.4 11.6 30.1 2.12 8.1 3.4 1.2
50 2.2 41.3 58.0 1141.3 9.2 2.6 2.15 11.5 2.7 1.4
51 2.2 17.1 92.7 964.3 12.1 4.2 2.17 9.5 2.9 1.4
52 2.2 14.4 85.2 852.3 11.4 4.2 2.16 7.0 2.5 1.3
53 3.0 20.7 69.3 569.6 8.8 8.3 2.86 5.8 5.0 1.6
53-01 2.8 42.8 77.5 1063.1 11.9 3.0 3.30 21.0 4.4 1.7
54 3.3 19.0 73.9 982.6 9.3 7.2 4.61 21.4 5.6 1.9
55 2.9 59.8 101.5 1418.1 12.2 5.5 3.56 26.9 5.1 1.7
55-01 2.4 112.2 94.2 1244.7 11.5 3.2 3.07 34.1 4.0 1.4
55-02 2.5 136.0 93.7 1388.1 13.5 4.2 2.83 32.4 3.8 1.5
56 2.4 303.9 151.9 1988.5 24.7 6.0 2.41 40.2 4.2 1.7
57 2.4 224.1 104.8 1471.5 14.1 8.8 2.81 72.1 4.1 1.5
58 2.6 136.5 149.0 1232.5 23.0 3.4 2.78 97.7 3.8 1.6
58-01 3.2 53.7 94.5 734.4 12.8 4.8 3.32 21.3 4.3 1.9
59 2.9 366.2 149.4 1067.7 20.4 5.2 2.64 24.5 4.3 1.5
59-01 2.6 169.8 144.3 1308.8 29.3 9.8 2.29 20.0 3.5 1.5
60 2.3 283.8 114.1 884.6 19.0 7.5 2.42 19.3 4.5 1.3
61 2.3 253 77.0 882.3 10.5 4.0 2.17 10.4 2.6 1.3
62 2.3 110.0 81.6 1117.5 9.6 3.6 2.86 40.4 3.7 1.5
63 2.3 162.1 111.9 1293.0 21.3 4.0 2.25 29.9 3.8 1.5
63-01 2.6 213.0 105.3 1248.0 19.3 9.3 2.57 46.8 3.4 1.6
64 2.6 79.5 191.8 735.4 14.6 6.0 2.27 8.7 3.8 1.3
65 2.3 18.1 112.8 776.47 14.0 2.6 2.24 11.6 2.9 1.4
66-01 2.3 11.4 87.7 676.9 10.0 2.1 2.56 18.0 3.8 1.4
66-02 2.4 30.6 91.6 717.4 8.7 2.8 2.55 20.0 3.4 1.4
67 2.7 66.2 90.3 842.1 9.8 5.0 3.05 15.9 3.9 1.6
68 2.3 19.8 77.2 661.0 12.6 5.3 2.08 10.7 2.8 1.4
69 2.7 50.7 158.8 743.4 14.8 3.0 2.51 38.0 3.9 1.7
70 2.7 240.6 133.3 975.9 20.3 4.7 2.62 51.3 3.6 1.3
71 2.1 57.3 81.1 738.0 13.6 3.1 2.14 22.5 3.1 1.2
72 2.8 26.4 79.2 1171.7 14.7 5.2 2.34 15.3 3.3 1.8
72-01 2.7 126.1 166.1 1440.5 25.1 2.9 2.64 81.9 4.0 1.8
73 2.4 129.2 137.6 975.4 16.2 7.3 2.35 19.3 2.8 1.5
74 2.5 349.7 157.8 995.6 15.9 6.0 2.55 20.2 3.7 1.4
75 2.4 4.7 72.5 715.2 14.5 4.1 2.11 15.6 2.6 1.3
76 2.9 56.9 114.9 1487.6 16.2 4.1 3.03 23.3 4.6 1.8
77 2.8 59.0 99.3 739.9 13.0 5.3 2.83 23.5 4.2 1.8
77-01 3.8 6.7 42.6 249.3 9.0 3.4 3.82 7.2 3.7 2.0
78 3.0 16.2 115.5 793.2 14.1 4.3 3.25 15.4 3.8 1.8
79 2.8 13.3 126.0 632.3 12.1 5.3 2.66 8.3 3.6 1.7
80 3.40 20.0 125.5 717.8 14.3 3.3 3.12 9.1 3.2 2.0
81 2.82 471.4 145.9 1186.3 18.1 6.3 3.17 33.3 4.0 1.6
82 2.55 42.6 72.3 789.6 8.6 3.3 2.87 10.5 3.9 1.6
83 2.74 104.3 66.1 1058.6 8.9 2.7 2.95 14.0 3.6 1.6
83-01 2.9 66.3 84.6 801.4 9.0 3.9 3.52 28.4 4.5 1.6
83-02 2.8 18.4 72.2 814.9 8.6 2.6 3.71 19.6 4.5 1.7
84 2.8 19.7 59.0 778.3 8.3 7.3 3.09 24.3 4.0 1.7
85 2.6 80.9 122.7 1062.9 17.2 4.8 2.65 27.4 4.4 1.6
86 3.1 70.4 123.2 946.8 18.0 6.4 3.49 36.7 4.1 1.9
87 2.5 152.5 166.8 998.6 21.5 8.2 2.21 18.5 4.3 1.5
87-01 2.9 41.7 149.0 877.2 17.0 8.0 2.56 10.1 17.6 1.6
88 2.7 51.2 137.9 750.8 19.4 4.3 2.40 13.7 3.5 1.5
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89 3.3 28.9 110.2 871.5 14.1 3.3 2.95 15.4 3.7 2.0
90 2.2 58.9 105.5 616.8 13.1 2.7 2.05 38.6 2.8 1.2
91 2.6 108.3 57.4 898.8 12.5 3.8 2.47 28.5 3.1 1.6
92 2.5 35.7 94.0 870.8 15.1 2.5 2.65 21.5 3.3 1.6
93 2.8 27.8 98.0 763.4 15.1 2.2 2.92 13.9 3.6 1.5
94 2.3 28.2 73.2 424.3 8.3 3.7 2.32 9.6 2.5 1.2
94-01 2.2 59.2 98.0 643.9 10.7 5.5 2.41 13.9 2.8 1.4
95 2.2 66.5 95.5 594.8 14.1 2.8 2.27 42.4 3.1 1.4
96 2.5 58.4 79.4 748.6 11.6 3.4 2.69 28.3 3.7 1.7
96-01 2.3 22.6 14.8 721.5 5.2 5.8 2.30 16.9 2.9 1.5
96-02 2.4 10.3 48.9 434.4 7.5 4.4 2.44 13.5 2.8 1.4
97 3.1 51.8 101.3 984.9 13.0 4.6 3.38 22,5 4.0 1.9
98 2.5 31.2 133.9 711.1 23.3 5.8 2.84 35.7 5.0 1.8
98-01 2.8 55.5 118.6 1139.5 22.0 3.7 2.71 43.8 4.0 1.6
98-02 2.8 29.7 114.8 870.4 22.9 2.7 2.73 30.7 4.0 1.7
99 2.5 7.0 71.0 368.4 9.5 5.8 1.94 6.1 2.4 1.4
99-01 2.3 20.2 119.4 546.8 13.1 3.1 2.27 14.6 3.3 1.4
100 2.2 36.0 189.2 804.8 22.1 4.5 2.12 14.8 3.4 1.4
101 2.3 50.1 150.4 759.6 18.0 5.0 2.20 15.2 2.8 1.5
102 2.3 42.8 127.3 1088.3 20.5 4.0 2.48 39.1 5.2 1.9
103 2.1 123.5 137.5 746.8 16.4 3.0 2.42 65.8 3.6 1.2
104 2.3 18.6 139.1 597.7 17.6 4.1 2.15 13.8 3.1 1.5
105 2.8 68.3 161.5 1106.3 20.0 4.3 2.89 19.9 3.8 1.6
106 2.2 15.6 102.0 613.4 13.1 7.1 2.13 10.7 3.3 1.4
107 2.0 21.7 72.7 590.3 8.9 2.8 2.15 10.5 2.4 1.2
108 2.3 136.3 102.2 852.8 13.2 3.8 2.33 314 3.2 1.5
109 2.2 78.4 88.0 810.5 13.5 2.0 2.26 21.5 3.6 1.4
110 2.5 18.7 191.2 787.1 41.4 3.0 2.77 12.2 4.1 1.4
111 2.6 20.4 1150.6 1124.3 104.8 4.8 2.82 17.7 6.3 1.5
112 2.7 21.4 157.5 844.6 17.0 4.2 2.33 12.1 3.7 1.8
113 2.7 38.8 113.4 651.5 12.7 5.5 2.83 15.5 3.5 1.6
114 2.2 82.0 184.6 1318.4 30.6 3.8 2.35 75.6 5.0 1.7
115 2.5 81.3 96.4 683.4 13.7 2.9 2.57 22.5 3.2 1.5
116 3.0 24.2 48.3 543.9 8.3 2.7 2.78 9.0 2.7 2.0
117 2.5 13.4 61.1 435.8 8.8 3.0 3.04 9.4 3.2 1.7
117-01 2.8 19.3 94.5 561.2 12.9 5.1 2.83 18.6 3.5 1.7
118 2.8 25.0 85.6 813.5 31.5 4.7 2.75 14.6 3.3 2.2
119 2.3 16.5 50.2 434.3 8.7 4.9 2.49 10.9 2.6 1.3
120 2.4 223.6 92.4 711.9 14.7 3.1 2.81 36.6 6.2 1.4
121 2.6 46.4 97.7 725.3 13.4 3.4 2.55 15.3 3.3 1.7
122 3.1 15.2 96.0 582.3 11.8 6.1 3.36 11.3 3.3 1.7
123-01 2.5 27.5 105.9 871.6 18.9 5.2 2.36 17.4 3.3 1.6
123-02 2.5 45.5 47.6 868.1 12.1 4.8 2.51 18.0 4.8 1.6
123-03 1.9 83.2 88.6 1115.2 16.6 4.5 1.95 18.2 2.8 1.2
124 2.3 24.5 128.7 741.9 14.0 10.1 2.55 15.6 3.4 1.4
125 2.4 32.3 115.8 1013.9 14.2 3.9 2.71 28.2 4.1 1.5
126 2.6 128.2 189.0 1091.5 23.1 5.0 2.34 17.3 3.3 1.6
127 2.5 43.1 105.7 577.3 12.4 6.4 3.55 18.2 5.3 1.4
128 2.8 184.3 123.0 827.9 14.9 5.4 4.09 37.1 5.2 1.5
129 2.7 43.6 90.2 712.9 11.8 5.0 3.18 14.3 3.8 1.5
130 2.3 34.5 58.9 360.9 7.9 2.4 2.61 12.5 3.0 1.3
131 2.6 83.2 104.0 811.9 12.8 5.4 2.68 16.9 3.2 1.3
132-01 2.2 101.9 82.6 1017.5 14.0 3.4 2.25 40.1 3.2 1.4
133 1.9 41.8 98.8 684.3 10.5 3.4 1.90 9.0 2.7 1.8
134 2.4 52.0 123.5 849.6 13.71 5.3 2.46 13.5 3.3 1.4
135 2.9 86.4 144.7 881.9 16.9 8.9 2.85 25.0 4.7 1.7
136 2.6 114.3 100.6 672.9 13.7 3.6 2.78 30.4 3.7 1.4
137 2.3 71.5 93.5 633.5 12.2 5.3 2.61 17.7 3.4 1.4
138 2.4 22.8 71.5 559.8 10.3 2.7 2.58 9.5 4.3 1.5
139 2.8 40.4 76.5 520.1 9.8 3.4 2.92 8.8 3.5 1.8
140 2.5 103.4 123.5 680.2 13.2 3.4 2.32 32.6 3.3 1.7
141 2.5 51.2 16.2 971.0 6.2 5.4 2.50 14.2 2.6 1.4
141-01 2.1 29.9 91.5 1137.3 12.6 5.2 2.08 12.6 2.6 1.4

Appendix — Table 3 Continued from the previous page
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Locality Pr Rb Sb Se Sn Sr Th Tl U Y
141-02 2.2 6.5 32.6 461.5 6.3 3.9 2.31 5.2 2.9 1.4
142 2.5 168.9 89.1 551.9 11.3 8.3 4.36 20.3 5.7 1.4
143 2.6 26.4 75.5 550.0 9.4 3.8 2.85 15.2 3.5 1.7
144 2.2 65.3 106.1 589.5 14.0 6.7 4.38 19.5 6.0 1.3
145 2.3 158.8 160.8 937.2 15.9 10.3 2.03 11.8 3.0 1.7
146 2.2 19.0 103.1 575.0 11.5 3.6 2.76 11.1 3.7 1.3
147 2.3 37.6 119.5 729.1 13.7 4.6 243 11.1 3.6 1.4
148 2.3 77.6 125.9 901.5 15.4 4.1 2.57 20.6 3.5 1.4
149-01 4.3 9.1 22.7 272.8 3.7 3.4 5.94 7.1 4.2 2.2
150 2.9 28.6 71.2 875.4 13.5 4.9 2.76 18.4 3.4 1.6
151 2.6 32.2 86.4 482.3 10.4 7.1 3.17 9.3 3.6 1.2
152 2.5 58.4 79.4 748.6 11.6 3.4 2.69 28.3 3.7 1.7
153 2.3 22.6 14.8 721.5 5.2 5.8 2.30 16.9 2.9 1.5
154 2.4 10.3 48.9 434.4 7.5 4.4 2.44 13.5 2.8 1.4
155 3.1 51.8 101.3 984.9 13.0 4.6 3.38 22.5 4.0 1.9
156 2.5 31.2 133.9 711.1 23.3 5.8 2.84 35.7 5.0 1.8
157 2.8 55.5 118.6 1139.5 22.0 3.7 2.71 43.8 4.0 1.6
158 2.8 29.7 114.8 870.4 229 2.7 2.73 30.7 4.0 1.7
159-02 2.5 7.0 71.0 368.4 9.5 5.8 1.94 6.1 2.4 1.4
160 2.3 20.2 119.4 546.8 13.1 3.1 2.27 14.6 3.3 1.4
161 2.2 36.0 189.2 804.8 22.1 4.5 2.12 14.8 3.4 1.4
161-01 2.3 50.1 150.4 759.6 18.0 5.0 2.20 15.2 2.8 1.5
162 2.3 42.8 127.3 1088.3 20.5 4.0 2.48 39.1 5.2 1.9
163 2.1 123.5 137.5 746.8 16.4 3.0 2.42 65.8 3.6 1.2
164 2.3 18.6 139.1 597.7 17.6 4.1 2.15 13.8 3.1 1.5
165 2.8 68.3 161.5 1106.3 20.0 4.3 2.89 19.9 3.8 1.6
165-01 2.2 15.6 102.0 613.4 13.1 7.1 2.13 10.7 3.3 1.4
166-01 2.0 21.7 72.7 590.3 8.9 2.8 2.15 10.5 2.4 1.2
167 2.3 136.3 102.2 852.8 13.2 3.8 2.33 31.4 3.2 1.5
168 2.2 78.4 88.0 810.5 13.5 2.0 2.26 21.5 3.6 1.4
168-01 2.5 18.7 191.2 787.1 41.4 3.0 2.77 12.2 4.1 1.4
169 2.6 20.4 1150.6 1124.3 104.8 4.8 2.82 17.7 6.3 1.5
169-01 2.7 21.4 157.5 844.6 17.0 4.2 2.33 12.1 3.7 1.8
170 2.7 38.8 113.4 651.5 12.7 5.5 2.83 15.5 3.5 1.6
170-01 2.2 82.0 184.6 1318.4 30.6 3.8 2.35 75.6 5.0 1.7
171 2.5 81.3 96.4 683.4 13.7 2.9 2.57 22.5 3.2 1.5
172 3.0 24.2 48.3 543.9 8.3 2.7 2.78 9.0 2.7 2.0
173 2.5 13.4 61.1 435.8 8.8 3.0 3.04 9.4 3.2 1.7
174 2.8 19.3 94.5 561.2 12.9 5.1 2.83 18.6 3.5 1.7
175 2.8 25.0 85.6 813.5 31.5 4.7 2.75 14.6 3.3 2.2
175-01 2.3 16.5 50.2 434.3 8.7 4.9 2.49 10.9 2.6 1.3
176 2.4 223.6 92.4 711.9 14.7 3.1 2.81 36.6 6.2 1.4
177-01 2.6 46.4 97.7 725.3 13.4 3.4 2.55 15.3 3.3 1.7
178-01 3.1 15.2 96.0 582.3 11.8 6.1 3.36 11.3 3.3 1.7
179 2.5 27.5 105.9 871.6 18.9 5.2 2.36 17.4 3.3 1.6
180 2.5 45.5 47.6 868.1 12.1 4.8 2.51 18.0 4.8 1.6
181 1.9 83.2 88.6 1115.2 16.6 4.5 1.95 18.2 2.8 1.2
181-01 2.3 24.5 128.7 741.9 14.0 10.1 2.55 15.6 3.4 1.4
182 2.4 32.3 115.8 1013.9 14.2 3.9 2.71 28.2 4.1 1.5
183 2.6 128.2 189.0 1091.5 23.1 5.0 2.34 17.3 3.3 1.6
183-01 2.5 43.1 105.7 577.3 12.4 6.4 3.55 18.2 5.3 1.4
184 2.8 184.3 123.0 827.9 14.9 5.4 4.09 37.1 5.2 1.5
184-01 2.7 43.6 90.2 712.9 11.8 5.0 3.18 14.3 3.8 1.5
185 2.3 34.5 58.9 360.9 7.9 2.4 2.61 12.5 3.0 1.3
186 2.6 83.2 104.0 811.9 12.8 5.4 2.68 16.9 3.2 1.3
187 2.2 101.9 82.6 1017.5 14.0 3.4 2.25 40.1 3.2 1.4
188 1.9 41.8 98.8 684.3 10.5 3.4 1.90 9.0 2.7 1.8
189 2.4 52.0 123.5 849.6 13.71 5.3 2.46 13.5 3.3 1.4
190 2.9 86.4 144.7 881.9 16.9 8.9 2.85 25.0 4.7 1.7
191 2.6 114.3 100.6 672.9 13.7 3.6 2.78 30.4 3.7 1.4
192 2.3 71.5 93.5 633.5 12.2 5.3 2.61 17.7 3.4 1.4
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Reference value Determined
Element Mean Confidence Mean Confidence Recovery
pg.g’ interval pg.g’ interval %
IAFA Hay V10
Ag n.c. n.c. 0.003 +0.001 n.c
Ba 6.00 4.0-7.0 5.37 +0.14 90 + 2.4
Bi n.c. n.c. 0.003 +0.001 n.c.
Ce n.c. n.c. 0.103 +0.011 n.c.
Cs 0.017 0.016-0.019 0.017 +0.0005 101 £2.9
Ga n.c. n.c. 0.030 +0.001 n.c.
In n.c. n.c. 0.0002 + 0.0001 n.c.
La 0.07 0.06-0.09 0.056 +0.002 80+3.5
Li n.c. n.c. 0.494 +0.023 n.c.
Mn 47 (44-51) 48.4 +1.2 103+ 2.5
Pr n.c. n.c. 0.013 +0.001 n.c.
Rb 7.6 7.3-7.8 6.99 +0.07 92+ 1.0
Sb 0.022 0.019-0.03 0.015 +0.001 81+3.9
Se 0.022 0.019-0.03 0.025 + 0.006 131 +25
Sn n.c. n.c. 0.205 +0.005 n.c.
Sr 40 37-44 422 + 0.6 106 + 1.4
Th n.c. n.c. 0.011 +0.002 n.c.
Tl n.c. n.c. 0.005 +0.000 n.c.
U n.c. n.c. 0.007 + 0.000 n.c.
Y n.c. n.c. 0.039 +0.001 n.c.
TAEA Lichen 336
Ag n.c. n.c. 0.021 +0.001 n.c.
Ba 6.4 5.3-7.5 5.59 +0.08 87+1.3
Bi n.c. n.c. 0.016 + 0.002 n.c
Ce 1.28 1.11-1.45 1.09 +0.02 85+ 1.7
Cs 0.11 0.097-0.123 0.105 +0.003 96 +2.4
Ga n.c. n.c. 0.178 +0.003 n
In n.c. n.c. 0.003 + 0.0001 n.c.
La 0.66 0.56-0.76 0.525 +0.011 80+ 1.7
Li n.c. n.c. 0.453 +0.013 n.c
Mn 63 56-70 62.4 +0.7 99+ 1.1
Pr n.c. n.c. 0.130 +0.003 n.c.
Rb 1.76 (1.54-1.96) 1.48 +0.02 84+1.2
Sb 0.073 0.063-0.083 0.052 +0.012 71+16
Se 0.22 0.18-0.26 0.217 +0.004 98 + 1.8
Sn n.c. n.c. 0.114 +0.005 n.c.
Sr 9.3 8.2-10.4 8.25 +0.06 89 +0.7
Th 0.14 0.12-0.16 0.110 +0.003 79+25
Tl n.c. n.c. 0.010 +0.0004 n.c
U n.c. n.c. 0.035 +0.002 n.c
Y n.c. n.c. 0.315 +0.008 n.c.
NIST Spinach Leaves 1570
N 57400 (Kjeldahl) n.c 54914 +453 95.7 £ 0.8
59000 (total) - - - (93.1 total)
WEPAL 100 Grass(GR94)
N | 29092.5 | n.c. | 281815 | + 653 | 96.9 +2.2

Appendix-Table 4 Analytical results of the chosen reference materials used for the control of the moss sample analysis in
2000/2001. (n =104-116, for nitrogen n = 63—67; n.c. = no certified value)
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LIST OF ABBREVIATIONS — SEZNAM POUZITYCH ZKRATEK

Abbreviation Meaning

CzZ the Czech Republic

BN South Moravian administrative region.
CB South Bohemian administrative region.
HK Hradec Krélové administrative region.
JI Vysocina administrative region.

KV Karlovy Vary administrative region.

LI Liberec administrative region.

OL Olomouc administrative region.

ov Moravian-Silesian region.

PL Plzeti administrative region.

PR Capital city of Prague.

PU Pardubice administrative region.

SC Central Bohemian region.

UL Usti nad Labem administrative region.
7L Zlin administrative region.

Ag silver stifbro N
Ba barium baryum Pr
Be beryllium berylium Rb
Bi bismuth vizmut Sb
Ce cerium cer Se
Cs caesium cesium Sn
Ga gallium galium Sr
In indium indium Th
La lanthanum lanthan Tl
Li lithium litium U
Mn manganese mangan Y
UN/ECE United Nation

ICP-Vegetation

CLRTAP

PM
POPs

VOC
PAHs

186

European Commission for Europe
International cooperative programme
on effects of air pollution on natural
vegetation and crops

number of plots, samples or analysis.
standard deviation.

significance level

correlation coefficient

partial correlation coefficient

Convention on Long Range Transport

of Air Pollution (1979).

air solid particles of diameter (pm)
indicated by the index.

Persistent Organic Pollutants
Volatile Organic Carbon
Polycyclic Aromatic Hydrocarbons

Vyznam
Ceskd republika

Jihomoravsky kraj
Jihocesky kraj
Kralovéhradecky kraj
kraj Vysocina
Karlovarsky kraj
Liberecky kraj
Olomoucky kraj
Moravskoslezsky kraj
Plzetisky kraj

Hlavni mésto Praha
Pardubicky kraj
Sttedocesky kraj
Ustecky kraj

Zlinsky kraj

nitrogen dusik
praseodymium  praseodym
rubidium rubidium
antimony antimon
selenium selen

tin cin
strontium stroncium
thorium thorium
thallium talium
uranium uran
yttrium ytrium

Organizace spojenych ndrodi

Evropsk4 hospodafskd komise (OSN/EHK)
spole¢ny mezindrodni program sledovani
vlivu znedisténého ovzdudi na ptirozenou
vegetaci a plodiny

pocet lokalit, vzorkd nebo analyz
smérodatnd odchylka

hladina vyznamnosti

korela¢ni koeficient

parcidlni korela¢ni koeficient

Umluva o omezovan{ $ifeni znecisténého
ovzdusi prechdzejicim hranice stdta (1979)

astice pevného aerosolu v ovzdusi

o velikosti (pm) dané indexem

pfetrvdvajici organické ldtky znecistujici ovzdusi
t¢kavé uhlovodiky

polycyklické aromatické uhlovodiky
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