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INTRODUCTION

The fourth European and Czech programmes to monitor the distribution of the atmospheric deposition rates of selected
elements in Europe were conducted in 2005/2006. All activities associated with the Czech bio-monitoring campaign we-
re carried out by the Department of Bio-monitoring of the Silva Tarouca Research Institute for Landscape and Ornamental
Gardening. The Czech bio-monitoring results were obtained under the same conditions as in previous campaigns. The cam-
paigns and the evaluation of the element accumulation trends in moss in the Czech Republic have been performed by the sa-
me team in all four campaigns, and have been similarly biased. The moss analytical results can therefore be compared with
each other.

The latest bio-monitoring campaign was included in the activities of the international UNECE ICP-Vegetation program-
me, coordinated by the Centre of Ecology and Hydrology, Bangor, U.K. Part of the Czech bio-monitoring results were ma-
de available to the coordination centre for presentation in the European moss surveys 2005/2006. However, the internatio-
nal bio-monitoring programme monitors only the contents of 10 obligatory toxic metals, and newly also the total content of
nitrogen in moss in Europe. There will now be one European moss survey evaluating the current distribution of the obliga-
torily determined elements in moss, while a second survey will evaluate the distribution of total nitrogen content in moss in
Europe. Further details concerning the European moss surveys are available on http://icpvegetation.ceh.ac.uk, which is re-
gularly updated.

In the current Czech moss survey, the contents of 37 elements have been determined in moss (Ag, Al, As, Ba, Be, Bi, Cd,
Ce, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo, N, Nd, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, T, U, V, Y and Zn). This re-
port has been compiled to present the most important results of the Czech bio-monitoring programme to experts at home and,
mainly, abroad in bio-monitoring of atmospheric deposition loads. Many additional details concerning the sampling plots,
methods and evaluation procedures can be found in the previous Czech moss surveys, presented in 1998, 2004 and 2007 (see
Chapter 1.2). The report presented here includes for the first time a chapter evaluating the trends in element accumulation in
moss in the Czech Republic (abbreviated CZ) during the last 10—15 years.







1. FIFTEEN YEARS OF CZECH MOSS MONITORING

The Czech moss monitoring campaigns use the bio-monitoring methods introduced by the founders of moss monitoring,
and the experience gained in earlier large-scale bio-monitoring surveys in the Scandinavian countries (Rihling and Tyler
1971, 1973, 1984). The Scandinavian experts arranged and coordinated the first and second Pan-European moss monitoring
programmes in 1990 and 1995 (Riihling 1994a; Riihling and Steinnes 1998), in which the CZ national bio-monitoring cam-
paigns were included.

When the LRTAP (Long-Range Transboundary Air Pollution) Convention established the Task Force on Heavy Metals
(Aarhus, Denmark, 1998), the bio-monitoring method and the results were offered for use in the LRTAP Convention pro-
grammes. The earlier European moss surveys were adopted in the International Cooperative Programme on Effects of Air
Pollution on Natural Vegetation and Crops (ICP-Vegetation) of UNECE (United Nations Economic Commission for Europe).
In 1999, the ICP-Vegetation programme opened a new subprogramme under the title Heavy Metals in Mosses, coordinat-
ed by the Centre for Ecology and Hydrology (CEH) in Bangor, U.K. The last two European moss surveys (2000/2001 and
2005/2006) were coordinated by CEH (http://icpvegetation.ceh.ac.uk).

1.1 European bio-monitoring campaigns in the Czech Republic

The former Research Institute of Ornamental Gardening at Prithonice was invited by the Scandinavian moss experts to par-
ticipate in the European moss campaign to monitor the distribution of current atmospheric deposition loads in 1991. In particu-
lar, moss data from the Bohemian part of former Czechoslovakia was desired within a short period of time. The CZ bio-monito-
ring programme was carried out by the Laboratory of Trace Elements, which arranged all aspects of collecting and processing
the samples, analysing them, and evaluating and presenting the results. Two moss species (Pleurozium schreberi 82 % and Po-
Iytrichum formosum 18 %) were collected at 33 sampling plots situated mainly in Bohemia in 1991-1992. Both moss species
were repeatedly collected and analysed in parallel in 1991 and 1992 for the purposes of inter-species calibration tests and to
evaluate the inter-year effects. Ten obligatorily investigated elements (As, Cd, Cr, Cu, Fe, Ni, Pb, Se, V and Zn) were determi-
ned in the moss samples, using AAS (FP and GTA) techniques. Apart from the research report (Suchara et al. 1994), no prin-
ted CZ moss survey 1991/1992 was published and distributed. However, some of the CZ moss results from this campaign were
presented in a paper (Markert et al. 1996) and in the Czech national moss monitoring report (Sucharova and Suchara 1998a).
All CZ results for 1991/1992 were accepted and included in the first European moss survey (Riihling 1994b).

In the framework of the second European moss monitoring campaign in 1995/1996, three moss species were collected -
Pleurozium schreberi (82 %), Hypnum cupressiforme (10 %) and Scleropodium purum (8 %) - at 196 “permanent” plots in-
troduced for the bio-monitoring programmes in CZ. Thirteen elements, predominantly those obligatorily investigated in the
European programme (Al, As, Cd, Co, Cr, Cu, Fe, Mo, Ni, Pb, S, V and Zn), and additionally Hg, were determined in the
CZ moss samples using the ICP-OES instrument and the AMA-254 mercury analyser. Interspecies calibration tests showed
that mosses Pleurozium schreberi and Scleropodium purum provided very similar results, while Hypnum cupressiforme ac-
cumulated on an average about one third higher amounts of all elements than the two other moss species. The production of
moss bio-indicators was determined on some plots, and the absolute atmospheric deposition loads of the thirteen investiga-
ted elements (pg.m?.year') were estimated in CZ. The primary analytical results are available in the research report (Sucha-
rova et al. 1997) and in the first published CZ moss survey (Sucharova and Suchara 1998a). The CZ data were accepted and
evaluated in the European context in the second European moss survey (Riihling and Steinnes 1998). In parallel, the distri-
bution of the long-term accumulated deposition loads of 14 elements in CZ was determined using forest floor humus analy-
ses (Suchara and Sucharova 2000, 2002a, 2002b). Unfortunately, no European humus survey was published by the Scandina-
vian programme coordinators, because only a limited number of countries investigated the element content in forest humus
in 1995/1996.

The third European bio-monitoring campaign, in 2000, was established as the Heavy Metals in Mosses subprogramme of
the coordination centre for the UNECE ICP-Vegetation programme. In CZ, five moss species (Pleurozium schreberi 90 %,
Scleropodium purum 6 %, Eurhynchium angustirete 1.6 %, Brachythecium rutabulum 1.6 % and B. salebrosum 0.8 %) were
collected at 250 plots, including the 196 plots from the moss campaign in 1995 in CZ. Fourteen authorized elements (Al, As,
Cd, Co, Cr, Cu, Fe, Hg, Mo, Ni, Pb, S, V and Zn) and twenty two optionally investigated elements (Ag, Ba, Be, Bi, Ce, Cs,
Ga, In, La, Li, Mn, Pr, Rb, Sb, Se, Sn, Sr, Th, T1, U, Y and N) were determined in the moss, using the ICP-MS instrument,
the AMA-254 Hg analyser, and the Biichi appliance for distilling and determining nitrogen. The element contents in the moss
samples were correlated with the following explanatory factors: elevation, precipitation, land cover, land-use, geomorpholo-
gy and mother rock types operating on the sampling plots. Changes in the spatial distribution of the element accumulation in
moss in CZ during the previous five years were evaluated. Primary analytical data and classed post maps and isopleth maps
of element distribution in moss for all 36 determined elements are available in the annual research report (Sucharova et al.
2001). The results for the 14 obligatorily investigated elements were presented in part I of the second CZ national report (Su-




charova and Suchara 2004a), and the statistical data and comments of the CZ analytical results were accepted and included
in the ICP-Vegetation report (Buse et al. 2003). The results for the 22 optionally determined elements are available in part II
of the second CZ national report (Suchara et al. 2007a) and in some papers (e.g., Suchara and Sucharova 2004a; Sucharova
and Suchara 2004b). An evaluation of the moss monitoring results in the Visegrad countries (Poland, Slovakia, Hungary and
the Czech Republic) for moss survey 2000/2001 was published in Suchara et al. (2007b, 2007c¢).

In the current CZ bio-monitoring campaign, pursued within the framework of the UNECE ICP-Vegetation programme
2005/2006, the content of 37 elements (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo, N,
Nd, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, T1, U, V, Y and Zn) was determined in samples of three moss species (Pleurozium
schreberi 92 %, Scleropodium purum 5 % and Brachythecium rutabulim 3 %) collected at 282 sampling plots in CZ. The fol-
lowing chapters of this report provide details of this bio-monitoring campaign. The current CZ data for As, Al, Cd, Cr, Cu,
Fe, Pb, Hg, Ni, Sb, V and Zn contents in moss were included and evaluated in the European report of the 2005/2006 moss
survey (Harmens et al. 2008).

1. 2 Special bio-monitoring programmes

Apart from the regular European moss monitoring programmes held in 1990/1991, 1995/1996, 2000/2001 and 2005/2006,
several special bio-monitoring campaigns have been carried out for special purposes in CZ.

In 1993, tests were carried out on suitable methods for collecting representative samples of moss, spruce needles and fo-
rest floor humus and for determining the variability of element content in the collected samples. We collected 5 representati-
ve samples (each of 7 subsamples), in parallel, at three testing plots in highly contaminated parts of western Bohemia (moni-
toring plots 111, 66-03, 110), in medium-contaminated parts of central Bohemia (monitoring plots 80-01, 130, 65-02-Ruda),
and in slightly contaminated parts in southern Bohemia (monitoring plots 142, 152-Komarov, 172-01) from a single sampling
plot 50 X 50 m in area. The contents of As, Cd, Cr, Cu, Fe, Ni, Pb, V and Zn were determined in the samples. The results, sta-
tistics and correlation analyses are available in the research reports by Suchara et al (1993, 1994).

The second CZ moss survey, in 1995, revealed an increased Hg content in the Tachov district in southwestern Bohemia.
Since no potential industrial sources of Hg explaining the Hg contamination were known in the area, moss samples of Pleu-
rozium schreberi were again collected and the Hg content was determined for 18 sites in the Tachov district. In parallel, seve-
ral investigations of the Hg content stability in moss samples were pursued. No local hot spot of Hg accumulation in moss in-
dicating some significant source of Hg was found in this district, despite the increased Hg content on several individual plots
located very close to the CZ state border. A significantly higher Hg content was found in the brown parts of the moss plants
than in the green parts of the same moss plants, while no significantly different Hg content was determined in the moss lea-
ves and stems. No significant differences were found in the Hg content of air dried moss samples before and after grinding in
a mill with a rotor knife. However, we found significantly different Hg contents in fresh (related to dry weight) and in air-dri-
ed moss samples 1-2 days after sampling. The residual Hg forms in the air dried moss samples were stable, and the Hg con-
tent in the archived samples had not changed after long-term storage. The results of this moss monitoring campaign are avai-
lable in the research report (Suchara and Sucharova 2000).

The earlier moss campaigns indicated a very high accumulation of some metals near Pfibram (monitoring plot 111). Ve-
ry high contamination of soil and stream sediments around the Kovohuté secondary lead smelter near Piibram was stated in
several unpublished environmental studies. Following the introduction in 1998 of new sophisticated technology promising a
substantial reduction in metal emissions from this smelter, a special moss campaign was conducted in 1999 to determine the
current element contents in moss and humus around the smelter. At 56 sampling sites situated along radial linear transects in
a 14-km radius around the smelter, moss Pleurozium schreberi and forest floor humus (O, horizon) were collected and ana-
lysed. The contents of 36 elements (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo, Nd, Ni,
Pb, Pr, RD, S, Sb, Sc, Se, Sr, Th, T1, U, V, Y and Zn) were determined in the samples. The analytical results revealed not only
a hot spot of predominantly chalcophile elements (e.g., Ag, Cd, In, Pb, Zn) near the smelter, but also another hot spot of radi-
oactive and rare earth elements (e.g., Ce, La, Pr, Nd, U, Y) situated on the eastern periphery of Pfibram (at Haje). Grinding of
stones from the nearby former uranium pits was found to be the source of these lithophile elements in the studied area.

Classed dot maps and isopleth maps showing the distribution of all 36 elements are available in the research report by Su-
charova et al. (1999). A compendium of the results for moss and forest humus analyses was presented in Sucharové and Su-
chara (2004c) and in Suchara and Sucharova (2004b).

The CZ moss survey 2000/2001 revealed a large area with a very high accumulation of many elements in moss in southern
Moravia. In order to delimit the borders of this hot spot more correctly, moss, forest floor humus and soil samples were col-
lected and analysed in 2002-2003. In 2002, moss samples of Hypnum cupressiforme (41) and Camptothecium lutescens (1)
species were collected at 42 sites, and in 2003 at 63 sites (including 38 sampling plots from 2002), between Brno, Bteclav
and Krométiz. The contents of 35 elements (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo,
Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, T1, U, V, Y and Zn) were determined in these samples. The analytical results, classed dot
maps and isopleth maps and an evaluation are available in reports by Sucharova et al. (2002, 2003).




A special campaign to determine the mercury contamination around a chemical plant using Hg cell technology (a chlor-al-
kali plant) was carried out in 2004. Moss (Hypnum cupressiforme), forest floor humus and oak bark specimens were collec-
ted at 18 sites situated along radial transects running 12 km from this chemical plant. Maps of the distribution of Hg in Hyp-
num cupressiforme and in the other analysed materials are available in the research report Sucharova and Suchara (2004d).
A short survey of this study was presented in a paper by Suchara and Sucharova (2008).

Soil and brook sediment analyses conducted by the Czech Geological Survey in the Kralicky Snéznik Mts revealed incre-
ased Be contents. In order to prove the effect of high atmospheric deposition loads of Be in this area, the Laboratory of Trace
Elements at Prihonice was asked to collect and analyse moss samples. In 2006, moss samples (Pleurozium schreberi) were
collected at 17 sites on the Czech part of this mountain, and the content of 36 elements, including Be, was determined. The
analytical results found no increased Be content in the moss. The Be in the soil covers and sediments in this mountain may
be from a geogenic source. The laboratory staff has not yet published its analytical results.







2. BIO-MONITORING CAMPAIGN 2005/2006

In 2004, the Department of Bio-monitoring of the Silva Tarouca Research Institute for Landscape and Ornamental Gar-
dening joined and started participating in the fourth European moss survey programme 2005/2006. All phases of the survey:
sampling, processing of samples, multielement analyses, processing and evaluation of the analytical results, and production
of classed post maps and isopleth maps were carried out by the staff of the Department of Bio-monitoring and the Labora-
tory of Trace Analyses at Prihonice.

2. 1 Material and Methods

The bio-monitoring methods and procedures were adopted from the manual of the international bio-monitoring program-
me for 2005/2006 (Harmens 2005,

http://samples-uk.pet-news-review.info/heavy-metals-in-european-mosses.2005-2006-survey-monitoring-ma). The upda-
ted manual of the moss monitoring technique follows up the earlier manuals for the previous international bio-monitoring
campaigns in 2000/2001, 1995/1996 and 1990/1991.

2.1.1 Sampling

The moss samples were collected in summer and autumn 2005. At about five sampling plots, moss samples were collected
for a second time in 2006 to confirm unexpected determined element contents in the moss samples. Two additional sampling
plots for determining total nitrogen and mercury in moss were used in 2006. A system of 196 (192) basic permanent bio-mo-
nitoring plots was established in 1995 (Sucharova and Suchara 1998a: 24, Fig.7). These original plots, marked by numbers
1-192, were spread in forests in an approximately regular network covering 15 x 15 km. However, some of these plots could
not be utilised in subsequent moss monitoring programmes due to clearing and deterioration of forest stands, overgrowing of
gaps in tree canopies, or death of the moss, etc. In such cases, alternative sampling plots were found in the surroundings of
the original plots. Additional new sampling plots sometimes needed to be set up in order to determine more exactly the metal
concentrations in the moss along steep deposition gradients, or to calibrate the metal content in moss on plots situated close
to current stations used for measuring wet deposition loads. All such new sampling plots situated further than 1 km from the
origin permanent plots are coded by the number of the closest permanent plot, followed by the index -01, -02, -03, etc. Moss
samples used for chemical analyses were collected at 282 sampling plots. The typical area of a monitoring plot was 50 x 50 m.
Where the occurrence of moss was sparse, the plot area could be much larger, in extreme cases up to 400 x 400 m.

Moss species Pleurozium schreberi was collected preferentially. Alternatively, moss Scleropodium purum was used. At ha-
bitats unfavourable for these moss species (e.g., heavily disturbed landscapes) moss Brachythecium rutabulum was collected.
At each sampling plot, 7-9 moss subsamples were collected and joined into one collective sample. The sampling conditions
were recorded in detail in sampling protocols, which are archived in the laboratory at Prithonice. For bio-monitoring cam-
paign 2005/2006, we analysed 280—-282 moss specimens: 260 samples (92 %) of Pleurozium schreberi, 14 samples (5 %) of
Scleropodium purum and 8 samples (3 %) of Brachythecium rutabulum.

The sampling plots from which moss samples were analysed for the bio-monitoring survey are characterised in the list of
localities in Appendix, Table A1. The distribution of the sampling plots in CZ is shown in Figure 1. The numbers of sampling
plots in the current administrative regions of CZ (Sucharova and Suchara 2004a: 8, Fig. 2) are shown in Table 1.
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Table 1 - Number of moss samples collected and analysed for individual administrative regions.

2.1.2 Analyses

Green to green-brownish apical segments, 2.5-3 years old, were removed from unwashed moss plants, and were air-dried.
The dried moss samples were powdered in a mill with a titanium rotor and sieve, with a mesh 0.2 mm in diameter. Processing
of the samples was described in greater detail in the earlier moss surveys (Sucharova and Suchara 1998a, 2004a).

In two samples (monitoring plots 141-03 and 184-02), exclusively contents of total nitrogen and mercury were determi-
ned, while the contents of 37 elements were probed in the remaining 280 samples.

Approximately 0.5 g of the powdered moss samples were weighed into Teflon pressure vessels and digested in nitric acid
and hydrogen peroxide (Merck, suprapure) in the CEM (MARS 5) appliance for high pressure microwave digestion of the
samples. The digested samples were transferred into Teflon volumetric flasks and diluted to a defined volume with deionised
water (Millipore). Three weights of each sample were digested and analysed in parallel. The content of Ag, Al, As, Ba, Be,
Bi, Cd, Ce, Co, Cr, Cs. Cu, Fe, Ga, In, La, Li, Mn, Mo, Nd, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, T1, U, V, Y and Zn was de-
termined using the ICP-MS (Perkin Elmer, Elan 6000) spectrometer. The detection limits of the method are stated in Table 2.
The contents of all measured elements in all moss samples were above the detection limits of the methods used here.

The quality of the analyses was checked using analyses of reference plant materials (IAEA Lichen 336, IAEA Hay V10)
and international interlaboratory moss standards M2 and M3, prepared at MUHOS, Finland. In parallel, the laboratory con-
tinually determined the elements in the testing samples of the plant materials analysed in the framework of the WEPAL IPE
(Wageningen Evaluating Programme for Analytical Laboratories, International Plant-Analytical Exchange, Wageningen Uni-
versity) international programme of interlaboratory tests. Except in the case of Be, the determined element contents were in
good accordance with the certified or recommended values for the reference materials. The Be concentrations indicated by
the distributors for interlaboratory moss reference materials M2 and M3 are suspiciously high. The determined content of
elements in moss reference materials M2 and M3 and the recommended and indicated values (Steinnes et al. 1997, Harmens
et al. 2008) are shown in Table 3 and 4. The basic statistics for long-term determination of the element contents in moss refe-
rence materials M2 and M3 are shown in Appendix, Table A2.

The contents of mercury (Hg) were determined directly in the powdered moss samples, in parallel, from three weights,
using the AMA-254 (Altec, Prague) Hg atomic absorption spectrometer. The mercury contents in the samples were above the
detection limit for the method (Table 2). The analytical results were checked using Hg analyses of the reference plant mate-
rials (NIST Apple Leaves 1515 and IAEA Hay V10).

The total nitrogen content was determined after mineralization of the moss samples in the CEM (STAR System 2) micro-
wave digestion appliance, using sulphuric acid and hydrogen peroxide. Ammonium released from the digestates by sodium
hydroxide was distilled using Biichi appliances (Distillation Unit B-324) into borite acid. The ammonium concentration was
determined through titration of ammonium borite complex with sulphuric acid.
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Figure 1 Distribution of sampling plots used for the CZ moss monitoring campaign 2005/2006. The administrative regions
are delimited in this picture.

Element Detectioq limit Element Detectioe limit Element Detectior{ limit Element Detectim? limit

(ng-g") (ng-g") (ng-g") (ng-g")

Ag 0.0005 Cs 0.0003 N 100 Sr 0.09

Al 0.3 Cu 0.05 Nd 0.0002 Th 0.0003

As 0.01 Fe 9.0 Ni 0.05 Tl 0.0001

Ba 0.03 Ga 0.003 Pb 0.01 U 0.0004

Be 0.0003 Hg 0.001 Pr 0.0001 A% 0.002

Bi 0.002 In 0.0002 Rb 0.014 Y 0.0001

Cd 0.0003 La 0.0005 S 70.0 Zn 0.2

Ce 0.001 Li 0.002 Sb 0.0004

Co 0.001 Mn 0.09 Se 0.03

Cr 0.02 Mo 0.001 Sn 0.004

Table 2 - Detection limits of the analytical methods (v/im = 100) used in 2005/2006.

The determined total nitrogen contents in the moss samples were above the determination limit of the analytical method
that was used (Table 2). For quality assurance, we determined the nitrogen content in reference plant material NIST Spinach
Leaves 1570a (reference value for the Kjeldahl method), and plant material analyses in the framework of the WEPAL IPE
international interlaboratory tests. The analytical results for the reference materials were in a good accordance with the cer-
tified or recommended values.
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Element Determinef Recomminded Difference Element Determine-(ll Recomminded Difference

mean (ug.g") (ng-g" % mean (ng.g") (ng.g") %
Ag 0.115 0.137+0.014 -16.1 Mo 0.206 0.23+0.04 -10.4
Al 207 178+15 16.3 N 8592 8360+620 2.8
As 0.917 0.98+0.07 -6.4 Nd 0.160 0.161+0.004 -0.6
Ba 16.7 17.6+0.7 -5.1 Ni 16.5 16.3+0.9 1.2
Be 0.007 0.143+0.012 -95.1 Pb 6.83 6.37+0.43 7.2
Bi 0.115 0.126+0.014 -8.7 Pr 0.043 n.a. -
Cd 0.490 0.454+0.019 7.9 Rb 36.1 39.6+0.4 -8.8
Ce 0.353 0.35+0.03 0,9 S 1104 963+93 43
Co 0917 0.98+0.06 -6.4 Sb 0.188 0.185+0.0020 1.6
Cr 0.939 0.97+0.17 -3.2 Se 0.287 0.29+0.03 -4.1
Cs 0.550 0.55+0.04 0.0 Sn 0.759 n.a. -
Cu 65.2 68.7+2.5 -5.1 Sr 5.10 5.31+0.15 -4.0
Fe 276 262435 53 Th 0.049 0.042+0.002 16.7
Ga 0.104 0.113+0.020 -8.0 Tl 0.038 0.048+0.004 -20,8
Hg 0.053 0.058+0.005 -8.6 U 0.022 0.021+0.005 4.8
In 0.025 0.025+0.002 0.0 \% 1.45 1.434+0.17 1.4
La 0.185 0.195+0.018 -5.1 Y 0.087 0.099+0.014 -12.1
Li 0.111 n.a. - Zn 34.4 36.1+1.2 -4.7
Mn 314 342+17 -8.1

Table 3 - Long-term determined (n = 15, for nitrogen n = 2) element contents in moss reference material M2 (ug.g),
and differences from the recommended or indicated values, see also Appendix — Table A2. (n.a. — no stated datay).

Element Determine_d Recommfmded Difference Element Determine_d Recomm?nded Difference

mean (pg.g") (ng.g" % mean (pg.g") (ng-g") %
Ag 0.024 0.027+0.004 -11.1 Mo 0.052 0.10+0.04 -48.0
Al 175 169+10 3.6 N 6641 6810+520 2.5
As 0.108 0.105+0.007 2.9 Nd 0.096 0.098+0.002 -2.0
Ba 12.9 13.7+0.6 -5.8 Ni 1.012 0.95+0.08 6.5
Be 0.007 0.015+0.003 -53.3 Pb 3.38 3.33+0.25 1.5
Bi 0.014 0.015+0.001 -6.7 Pr 0.026 n.a. -
Cd 0.108 0.106+0.005 1.9 Rb 17.9 19.5+0.4 -8.2
Ce 0.232 0.2540.03 -7.2 S 963 830+74 16.0
Co 0.095 0.115+0.006 -17.4 Sb 0.045 0.043+0.004 4.7
Cr 0.551 0.67+0.19 -17.8 Se 0.108 0.115+0.016 -6.1
Cs 0.183 0.189+0.014 -3.2 Sn 0.113 n.a. -
Cu 3.29 3.76+0.23 -12.8 Sr 436 4.64+0.24 -6.0
Fe 161 138+12 16.7 Th 0.024 0.027+0.002 -11.1
Ga 0.085 0.084+0.018 1.2 Tl 0.039 0.053+0.002 -26.4
Hg 0.0394 0.035+0.004 12.6 U 0.012 0.0128+0.0013 -6.3
In 0.001 0.001+0.001 0.0 \% 1.23 1.19+0.15 34
La 0.116 0.131+0.020 -11.5 Y 0.061 0.067+0.013 -9.0
Li 0.072 n.a. - Zn 234 25.4+1.1 -7.9
Mn 499 535+30 -6.7

Table 4 - Long-term determined (n = 15, for nitrogen n = 2) element contents in moss reference material M3 (ug.g™),
and differences from the recommended or indicated values, see also Appendix — Table A2. (n.a. — no stated data).
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2.1.3 Processing and evaluation of results

Microsoft Office software was used storing and processing the data. A statistical evaluation of the analytical results was
carried out using StatSoft Statistica. Classed dot maps and isopleth maps of the distribution of elements in moss in the CZ
territory were constructed using Golden Software Surfer. A linear interpolation model was used for constructing the isople-
th maps. Map creation was described in greater detail in an earlier moss survey, for example Sucharova and Suchara (2004a:
24). However, in this current moss survey a slightly different map image system (JSTK system) was used. This map proje-
ction is widely used in CZ.

The effects of several stand factors, such as altitude, geomorphology, land-use, geology and precipitation operating at the
moss sampling plots, or immediately affecting them, were tested as explanatory factors for the variability in element distribu-
tion in moss in CZ. The altitude of the sampling plots, their position on geomorphologic structures and the proportion of fo-
rest areas and urbanised plots within a 5-km radius of the sampling plot centres were found using a basic 1 : 50 000 map of
CZ. The bedrock types occurring at the moss monitoring plots were taken from relevant sheets of the 1 : 50 000 geological
map (CGU 1988-1996), and these rock types were ranked into six classes according to the supposed similarity of their che-
mical properties (Sucharova and Suchara 2004a: 59). The distribution of annual sums of precipitation in the CZ territory for
2003, 2004 and 2005 were adopted from maps available in electronic form edited by the Czech Hydrometeorological Institu-
te. These maps are available in printed form in the Hydrological Yearbooks (CHMU 2004-2006). The procedures for obtai-
ning the explanatory factors, and a description of the geomorphological units and rock types classes used here, are available
in the required detail in the previous CZ moss surveys (Sucharova and Suchara 2004a; Suchara et al. 2007a). Partial correla-
tions for element contents in moss and values of the explanatory factors were calculated.

Since the distributions of the contents of all 37 investigated elements in moss have been evaluated, and due to the limi-
ted extent of this survey, only most important data obtained in moss survey 2005/2006 is presented and briefly commented
on in this report.
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3. RESULTS AND DISCUSSION

3.1 Analytical results

Since the moss results for 2005/2006 are very similar to the results of the survey in 2000/2001, only new and weighty fin-
dings are presented and discussed in this chapter.

The characteristics of the investigated elements have been omitted, except in the case of neodymium, the content of which
in moss was determined for the first time in this monitoring campaign. The properties of all evaluated elements, apart from
neodymium (Nd), can be found in the earlier CZ moss surveys (Sucharova and Suchara 2004a; Suchara et al. 2007a). The
current distribution of elements in moss is briefly described, and the positions of hot spots and areas of increased accumu-
lation of elements in moss are commented on. No substantial changes in the operation and position of industrial and natural
sources of pollution have arisen in CZ. No sources of pollution corresponding to the revealed hot spots are therefore listed in
this survey. Only a number of important changes in element distribution in moss in 2005 and 2000 are mentioned in the com-
ments on the distribution of the individual elements. Inter-survey and long-term trends in element distribution in moss are di-
scussed in a special chapter. All colour maps of the distribution of elements in moss in CZ in 2005/2006 are assembled at the
end of this survey, after the Appendix.

The basic statistics for element contents in moss in the CZ and in the individual administrative regions are provided in
Tables 5-18.

Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.
Ag 0.015 0.097 0.036 0.015 0.001 0.032 0.026 0.043 1.520 2.780
Al 208 2861 540 268 16.0 477 381 605 3.608 22.72
As 0.103 1.82 0.338 0.191 0.011 0.292 0.231 0.403 3.333 18.23
Ba 5.32 76.4 20.4 9.268 0.554 18.7 13.8 24.1 1.707 5.418
Be 0.008 0.136 0.030 0.016 0.001 0.027 0.020 0.033 2.860 12.32
Bi 0.012 0.318 0.037 0.023 0.001 0.032 0.027 0.042 7.536 85.51
Cd 0.114 1.75 0.287 0.188 0.011 0.233 0.190 0.308 3.912 21.34
Ce 0.302 3.69 0.811 0.422 0.025 0.715 0.552 0.909 3.052 14.39
Co 0.106 1.22 0.310 0.154 0.009 0.275 0.215 0.362 2.440 9.639
Cr 0.513 4.54 1.29 0.552 0.033 1.15 0.962 1.47 2.313 8.715
Cs 0.074 6.93 0.459 0.636 0.038 0.262 0.160 0.473 5.305 4191
Cu 3.29 10.53 5.40 1.157 0.069 5.23 4.54 6.12 0.823 1.105
Fe 187 2570 474 256 15.3 409 336 516 3.768 21.57
Ga 0.084 0.965 0.204 0.095 0.006 0.184 0.144 0.236 3.021 16.66
Hg 0.022 0.148 0.048 0.013 0.001 0.045 0.036 0.056 1.888 6.558
In 0.0006 0.038 0.002 0.002 0.0001 0.002 0.001 0.002 12.51 187.4
La 0.150 1.79 0.404 0.205 0.012 0.353 0.279 0.459 2.888 12.80
Li 0.137 2.33 0.376 0.214 0.013 0.314 0.258 0.413 4.052 27.43
Mn 33.6 1812 416 250 14.9 367 236 539 1.422 4.001
Mo 0.076 0.490 0.192 0.062 0.004 0.179 0.150 0.216 1.563 3.506
N 6.77 23.0 11.6 2.85 0.170 11.2 9.48 13.1 1.045 1.485
Nd 0.129 1.58 0.347 0.180 0.011 0.303 0.240 0.387 3.019 13.56
Ni 0.524 4.94 1.54 0.546 0.033 1.42 1.19 1.78 1.689 5.812
Pb 2.32 63.0 6.01 4.698 0.281 4.94 3.80 6.82 7.395 80.31
Pr 0.034 0.418 0.091 0.047 0.003 0.080 0.063 0.102 3.004 13.69
Rb 2.95 101 21.2 16.0 0.958 17.2 9.150 27.145 1.729 4.222
S 755.6 1970 1157 198 11.8 1137 1014 1264 0.871 1.105
Sb 0.041 1.73 0.169 0.109 0.006 0.156 0.124 0.202 10.68 152.2
Se 0.083 1.51 0.272 0.147 0.009 0.232 0.180 0.324 2.939 17.68
Sn 0.065 1.70 0.254 0.120 0.007 0.235 0.192 0.297 6.487 74.10
Sr 3.22 58.2 9.30 6.24 0.373 7.72 6.13 10.39 4.611 29.39
Th 0.039 0.383 0.105 0.053 0.003 0.093 0.071 0.122 2.317 7.451
Tl 0.011 0.495 0.058 0.052 0.003 0.043 0.029 0.068 4.089 24.35
U 0.010 0.247 0.034 0.024 0.001 0.029 0.022 0.040 4.945 35.08
\4 0.675 7.18 1.60 0.718 0.043 1.47 1.15 1.85 3.329 19.22
Y 0.075 0.863 0.200 0.101 0.006 0.181 0.142 0.227 3.235 14.80
7n 20.9 98.8 36.8 12.0 0.719 333 29.4 40.0 2.166 5.852

Table 5 - Basic statistics for element contents (ug.g”, for nitrogen in mg.g") in the CZ moss set (n = 280, for mercury
and nitrogen n = 282) in 2005.
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Element Min. Max. Mean S.D. StEa:f:;d Median (]3?1‘:::: 852:: Skewness | Kurtosis

Ag 0.016 0.075 0.031 0.013 0.002 0.028 0.024 0.032 0.508 -0.260
Al 288 1473 559 262 49.6 467 400 695 1.444 1.837
As 0.190 1.46 0.466 0.313 0.059 0.349 0.275 0.521 1.733 2.934
Ba 5.32 29.4 16.8 6.10 1.15 16.0 12.8 22.1 1.308 0.875
Be 0.015 0.089 0.032 0.017 0.003 0.028 0.020 0.036 1.798 3.960
Bi 0.016 0.056 0.031 0.009 0.002 0.028 0.025 0.036 1.767 3.188
Cd 0.135 1.48 0.273 0.249 0.047 0.216 0.189 0.244 1.345 2.759
Ce 0.455 2.21 0.838 0.390 0.074 0.677 0.592 1.06 2.142 4.973
Co 0.160 0.701 0.335 0.125 0.024 0.304 0.249 0.421 1.819 4.108
Cr 0.743 3.02 1.38 0.580 0.111 1.26 0.995 1.58 0.410 0.371
Cs 0.089 243 0.328 0.445 0.084 0.205 0.151 0.303 5.158 27.01
Cu 3.82 8.04 5.69 1.11 0.210 5.45 5.00 6.56 1.848 4.259
Fe 275 988 467 173 32.7 392 357 558 2.845 9.435
Ga 0.107 0.545 0.218 0.103 0.020 0.181 0.153 0.247 0.528 -0.480
Hg 0.031 0.121 0.053 0.020 0.004 0.047 0.041 0.063 1.910 4.436
In 0.001 0.004 0.002 0.001 0.0002 0.002 0.001 0.002 5.047 26.210
La 0.237 1.07 0.420 0.188 0.036 0.335 0.298 0.520 1.993 3.934
Li 0.202 1.04 0.408 0.195 0.037 0.330 0.281 0.493 4.763 24.114
Mn 33.6 1813 549 388 73.4 435 267 744 2.769 10.450
Mo 0.151 0.490 0.224 0.077 0.015 0.201 0.178 0.228 1.797 4.279
N 8.17 20.0 12.2 2.97 0.561 11.402 9.944 14.152 0.879 0.271
Nd 0.199 0.910 0.356 0.160 0.030 0.298 0.251 0.441 1.480 1.858
Ni 0.750 2.78 1.59 0.467 0.088 1.57 1.23 1.88 1.388 2.003
Pb 2.95 63.0 6.72 11.1 2.10 4.23 3.72 5.61 2.430 7.087
Pr 0.052 0.246 0.094 0.043 0.008 0.077 0.067 0.118 1.502 2.297
Rb 3.32 97.2 18.0 19.7 3.724 10.7 7.23 18.1 1.135 0.853
S 913 1632 1218 191 36.0 1195 1076 1325 0.508 -0.260
Sb 0.085 1.73 0.233 0.297 0.056 0.174 0.152 0.217 1.444 1.837
Se 0.121 0.768 0.277 0.155 0.029 0.234 0.184 0.284 1.733 2.934
Sn 0.117 1.70 0.299 0.283 0.053 0.238 0.208 0.300 1.308 0.875
Sr 3.225 29.2 8.76 4.96 0.938 7.44 5.82 10.4 1.798 3.960
Th 0.053 0.291 0.113 0.051 0.010 0.097 0.079 0.139 1.767 3.188
Tl 0.014 0.127 0.049 0.028 0.005 0.043 0.030 0.055 1.345 2.759
U 0.018 0.082 0.036 0.015 0.003 0.031 0.027 0.044 2.142 4.973
\% 0.805 5.33 1.75 0.951 0.180 1.45 1.20 1.94 1.819 4.108
Y 0.115 0.466 0.207 0.083 0.016 0.18 0.149 0.254 0.410 0.371
Zn 24.6 63.2 37.0 9.660 1.83 34.0 30.5 41.8 5.158 27.010

Table 6 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g™*) from the SC region (n = 28) in 2005.
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Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.
Ag 0.017 0.037 0.027 0.005 0.001 0.027 0.024 0.031 -0.003 -0.748
Al 242 940 449 173 32.1 406 326 494 1.324 1.584
As 0.103 0.413 0.216 0.074 0.014 0.194 0.155 0.267 0.776 0.345
Ba 8.68 329 19.6 5.98 1.11 19.2 15.4 23.7 0.408 -0.217
Be 0.008 0.064 0.022 0.012 0.002 0.020 0.015 0.025 1.976 5.430
Bi 0.022 0.041 0.030 0.006 0.001 0.030 0.025 0.033 0.379 -0.855
Cd 0.133 0.260 0.188 0.038 0.007 0.183 0.159 0.212 0.241 -0.966
Ce 0.302 1.23 0.677 0.291 0.054 0.581 0.460 0.819 0.760 -0.693
Co 0.106 0.765 0.272 0.143 0.027 0.241 0.156 0.344 1.555 3.564
Cr 0.513 1.53 0.883 0.278 0.052 0.828 0.708 1.00 0.945 0.325
Cs 0.104 2.26 0.420 0.433 0.080 0.313 0.238 0.412 3.348 12.403
Cu 3.54 5.35 4.465 0.427 0.079 4.48 4.16 4.78 0.019 -0.042
Fe 187 608 342 108 20.1 325 270 375 0.936 0.318
Ga 0.084 0.282 0.160 0.054 0.010 0.146 0.119 0.184 0.926 0.171
Hg 0.027 0.061 0.040 0.008 0.002 0.038 0.034 0.043 0.849 0.259
In 0.001 0.003 0.001 0.001 0.0001 0.001 0.001 0.001 1.801 4.469
La 0.154 0.612 0.330 0.134 0.025 0.290 0.232 0.393 0.750 -0.617
Li 0.137 0.548 0.291 0.095 0.018 0.261 0.227 0.351 0.887 0.391
Mn 87.6 786 462 184 342 461 363 557 -0.111 -0.183
Mo 0.086 0.214 0.146 0.024 0.004 0.146 0.138 0.163 0.111 1.990
N 7.033 12.4 9.75 1.55 0.282 9.56 8.78 10.8 0.174 -0.870
Nd 0.129 0.539 0.294 0.126 0.023 0.248 0.199 0.363 0.768 -0.656
Ni 0.524 2.11 1.14 0.374 0.070 1.06 0.874 1.31 0.996 1.127
Pb 2.32 5.64 3.94 0.811 0.151 3.77 3.39 4.33 0.354 -0.194
Pr 0.034 0.140 0.076 0.032 0.006 0.065 0.053 0.095 0.753 -0.678
Rb 5.09 80.1 26.4 17.5 3.25 23.7 15.0 31.3 1.448 2.330
S 756 1192 990 109 20.3 1001 914 1047 -0.216 -0.323
Sb 0.041 0.234 0.118 0.043 0.008 0.107 0.088 0.153 0.598 0.375
Se 0.083 0.258 0.160 0.046 0.009 0.158 0.129 0.170 0.749 -0.051
Sn 0.101 0.258 0.183 0.041 0.008 0.170 0.149 0.213 0.170 -0.826
Sr 5.26 15.2 8.59 2.40 0.446 8.23 6.81 9.49 1.032 0.968
Th 0.039 0.208 0.101 0.048 0.009 0.092 0.062 0.124 0.742 -0.504
Tl 0.019 0.091 0.047 0.020 0.004 0.044 0.029 0.059 0.681 -0.302
U 0.010 0.097 0.033 0.020 0.004 0.026 0.020 0.037 1.748 3.349
\% 0.675 1.91 1.17 0.323 0.060 1.129 0.903 1.31 0.794 -0.210
Y 0.075 0.273 0.156 0.056 0.010 0.139 0.118 0.187 0.847 -0.270
Zn 22.4 36.4 29.4 3.86 0.717 29.0 26.1 334 0.167 -1.097

Table 7 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g') from the CB region (n = 29, for mercu-

ry and nitrogen n = 30) in 2005.
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Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.

Ag 0.022 0.041 0.030 0.006 0.001 0.030 0.024 0.033 0.491 -0.742
Al 281 771 498 142 27.8 504 361 604 0.308 -1.019
As 0.134 0.457 0.296 0.093 0.018 0.280 0.230 0.362 0.113 -0.871
Ba 8.31 39.1 18.3 7.88 1.55 17.9 12.5 22.4 1.136 1.574
Be 0.01 0.113 0.027 0.020 0.004 0.022 0.013 0.029 3.167 12.592
Bi 0.020 0.062 0.033 0.010 0.002 0.031 0.027 0.037 1.345 1.738
Cd 0.157 0.339 0.212 0.049 0.010 0.200 0.178 0.229 1.155 0.664
Ce 0.413 1.09 0.716 0.184 0.036 0.746 0.528 0.837 0.105 -0.772
Co 0.120 0.806 0.362 0.165 0.032 0.321 0.205 0.513 0.678 0.341
Cr 0.661 2.75 1.17 0.470 0.092 1.10 0.835 1.32 1.991 4.760
Cs 0.095 1.90 0.371 0.438 0.086 0.181 0.122 0.384 2.395 5.828
Cu 3.40 7.00 4.82 0.809 0.159 4.74 4.189 5.27 0.670 0.934
Fe 223 721 420 125 24.5 411 314 498 0.815 0.618
Ga 0.116 0.282 0.186 0.046 0.009 0.183 0.142 0.217 0.272 -0.835
Hg 0.030 0.074 0.047 0.011 0.002 0.048 0.039 0.053 0.378 0.059
In 0.001 0.002 0.002 0.0003 0.0001 0.001 0.001 0.002 0.292 -1.435
La 0.216 0.528 0.360 0.087 0.017 0.373 0.272 0.412 0.080 -0.841
Li 0.200 0.508 0.325 0.097 0.019 0.295 0.250 0.376 0.707 -0.782
Mn 158 1209 518 242 47.4 460 337 718 0.988 1.165
Mo 0.095 0.343 0.189 0.052 0.010 0.180 0.158 0.209 1.318 2.659
N 8.08 14.33 10.85 1.81 0.355 10.7 9.28 12.1 0.264 -1.036
Nd 0.175 0.488 0.314 0.084 0.017 0.316 0.228 0.381 0.183 -0.716
Ni 0.774 2.66 1.46 0.388 0.076 1.41 1.26 1.67 0.933 2.550
Pb 2.69 7.62 4.19 1.40 0.274 3.73 3.21 4.69 1.261 0.993
Pr 0.046 0.126 0.081 0.022 0.004 0.083 0.060 0.094 0.280 -0.443
Rb 3.50 40.8 16.6 12.3 2.42 13.8 5.38 24.9 0.769 -0.742
S 846 1357 1075 126 24.7 1090 991 1161 -0.143 -0.165
Sb 0.132 0.295 0.185 0.043 0.008 0.174 0.152 0.205 0.870 0.168
Se 0.149 0.310 0.212 0.042 0.008 0.204 0.182 0.239 0.550 -0.296
Sn 0.180 0.433 0.254 0.062 0.012 0.239 0.202 0.291 1.326 2.013
Sr 3.81 20.0 8.63 4.28 0.839 7.23 5.07 11.2 1.013 0.373
Th 0.054 0.140 0.093 0.026 0.005 0.100 0.069 0.108 0.094 -0.955
Tl 0.019 0.152 0.049 0.033 0.006 0.038 0.029 0.054 2.338 5.601
U 0.017 0.247 0.037 0.044 0.009 0.029 0.020 0.035 4.795 23.856
\% 0.913 2.523 1.48 0.353 0.069 1.48 1.25 1.71 0.752 1.578
Y 0.101 0.339 0.182 0.051 0.010 0.186 0.135 0.211 0.951 2.391
Zn 26.3 66.9 33.8 8.824 1.73 31.1 28.3 35.2 2.468 7.415

Table 8 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g™') from the PL region (n = 26) in 2005.
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Element Min. Max Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.

Ag 0.014 0.045 0.025 0.025 0.007 0.002 0.019 0.029 0.902 1.616
Al 277 1768 603 481 382 85.4 382 606 2.120 4.168
As 0.104 0.554 0.228 0.212 0.097 0.022 0.170 0.266 2.097 6.218
Ba 9.80 40.8 21.4 20.9 9.50 2.12 12.9 28.2 0.545 -0.623
Be 0.016 0.065 0.030 0.026 0.013 0.003 0.023 0.033 1.609 2.351
Bi 0.017 0.036 0.026 0.026 0.005 0.001 0.022 0.029 0.446 -0.194
Cd 0.149 0.458 0.245 0.222 0.079 0.018 0.199 0.284 1.479 2.244
Ce 0.370 2.37 0.994 0.829 0.551 0.123 0.637 1.03 1.477 1.268
Co 0.175 0.561 0.293 0.259 0.107 0.024 0.207 0.369 1.022 0.421
Cr 0.671 3.29 1.40 1.18 0.663 0.148 1.08 1.51 1.823 3.306
Cs 0.074 0.285 0.144 0.139 0.057 0.013 0.100 0.170 1.088 0.817
Cu 3.90 7.84 5.44 5.13 1.24 0.277 4.37 6.26 0.700 -0.608
Fe 272 1323 514 421 286 64.0 340 515 1.850 2.811
Ga 0.107 0.570 0.211 0.180 0.119 0.027 0.141 0.226 1.967 3.796
Hg 0.030 0.094 0.046 0.017 0.004 0.040 0.034 0.052 1.695 2.811
In 0.0006 0.003 0.001 0.001 0.0005 0.0001 0.001 0.001 1.754 3.104
La 0.188 1.15 0.488 0.393 0.264 0.059 0.310 0.544 1.395 1.071
Li 0.215 1.50 0.468 0.349 0.330 0.074 0.288 0.445 2.206 4.490
Mn 349 691 374 411 221 49.4 185 536 -0.149 -1.266
Mo 0.114 0.245 0.160 0.147 0.036 0.008 0.137 0.178 1.112 0.351
N 8.89 23.0 13.8 4.28 0.956 12.4 10.4 17.1 0.736 -0.461
Nd 0.158 1.13 0.452 0.362 0.272 0.061 0.277 0.456 1.556 1.474
Ni 0.994 2.46 1.48 1.33 0.478 0.107 1.10 1.85 0.884 -0.475
Pb 2.99 5.50 4.20 4.28 0.771 0.172 3.42 4.75 0.055 -1.221
Pr 0.041 0.278 0.115 0.094 0.067 0.015 0.072 0.120 1.506 1.297
Rb 2.95 49.2 12.3 9.23 10.3 2.30 7.41 13.5 2.810 8.971
S 920 1756 1257 1222 259 57.9 1024 1459 0.466 -1.033
Sb 0.063 0.206 0.103 0.093 0.033 0.007 0.084 0.124 1.631 3.863
Se 0.087 0.233 0.155 0.150 0.039 0.009 0.127 0.185 0.030 -0.602
Sn 0.123 0.270 0.176 0.160 0.040 0.009 0.147 0.199 1.073 0.740
Sr 5.40 44.1 12.1 9.66 8.52 1.91 7.15 14.8 2.974 10.864
Th 0.043 0.344 0.133 0.111 0.079 0.018 0.085 0.140 1.806 2.770
Tl 0.014 0.072 0.029 0.024 0.013 0.003 0.022 0.034 1.939 4.616
U 0.014 0.153 0.036 0.025 0.033 0.007 0.019 0.036 2.823 8.444
\% 0.806 343 1.36 1.10 0.664 0.148 1.00 1.42 2.016 4.125
Y 0.101 0.672 0.267 0.225 0.159 0.037 0.160 0.281 1.694 2.122
Zn 26.5 46.9 339 31.6 6.61 1.48 28.5 38.4 0.719 -0.714

Table 9 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g™*) from the BN region (n = 20) in 2005.

21



Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.

Ag 0.018 0.093 0.038 0.018 0.005 0.033 0.027 0.039 2.173 5.321
Al 298 647 472 95.8 23.9 469 424 536 -0.125 0.029
As 0.163 0.370 0.246 0.058 0.014 0.240 0.195 0.291 0.308 -0.278
Ba 9.01 27.1 18.3 5.50 1.38 18.7 14.3 22.8 0.057 -0.892
Be 0.015 0.032 0.023 0.005 0.001 0.023 0.020 0.027 -0.118 -0.698
Bi 0.019 0.039 0.030 0.005 0.001 0.032 0.027 0.033 -0.506 -0.073
Cd 0.190 0.269 0.221 0.025 0.006 0.217 0.1989 0.240 0.470 -0.763
Ce 0.395 0.848 0.663 0.129 0.032 0.664 0.571 0.775 -0.350 -0.406
Co 0.1303 0.592 0.294 0.109 0.027 0.277 0.227 0.346 1.276 2.811
Cr 0.723 2.35 1.20 0.373 0.093 1.19 0.966 1.30 1.948 5.999
Cs 0.158 1.44 0.373 0.346 0.086 0.224 0.188 0.419 2.345 5.726
Cu 3.54 6.12 4.60 0.692 0.173 4.48 4.12 5.01 0.489 0.020
Fe 243 564 397 76.3 19.1 401 364 428 -0.088 1.268
Ga 0.095 0.236 0.163 0.041 0.010 0.154 0.140 0.181 0.619 -0.137
Hg 0.028 0.084 0.042 0.014 0.004 10.9 0.031 0.043 2.011 4.849
In 0.001 0.003 0.002 0.0006 0.0001 0.001 0.001 0.002 2.172 5.627
La 0.197 0.422 0.331 0.066 0.016 0.332 0.285 0.397 -0.283 -0.586
Li 0.199 0.473 0.312 0.076 0.019 0.308 0.268 0.347 0.583 0.128
Mn 53.6 806 432 214 53.4 386 285 619 0.310 -0.589
Mo 0.134 0.195 0.160 0.013 0.003 0.160 0.158 0.164 0.714 3.834
N 8.561 14.33 10.9 1.93 0.483 10.8 9.031 12.3 0.389 -1.172
Nd 0.171 0.366 0.290 0.057 0.014 0.298 0.250 0.334 -0.449 -0.302
Ni 0.849 4.94 1.60 0.971 0.243 1.33 1.12 1.71 3.039 10.365
Pb 3.80 7.89 5.17 1.07 0.267 4.98 4.24 5.76 1.029 1.404
Pr 0.044 0.095 0.076 0.015 0.004 0.08 0.061 0.089 -0.444 -0.467
Rb 9.09 53.6 20.4 12.3 3.08 18.2 11.8 22.0 1.725 2.866
S 941 1449 1061 129 323 1030 981 1100 1.977 4.808
Sb 0.069 0.209 0.136 0.031 0.008 0.1430 0.124 0.147 0.147 2.177
Se 0.127 0.313 0.185 0.054 0.014 0.174 0.142 0.206 1.128 0.820
Sn 0.127 0.309 0.215 0.050 0.013 0.210 0.183 0.250 0.100 -0.405
Sr 4.08 13.1 7.92 2.38 0.596 7.73 6.27 9.53 0.399 0.020
Th 0.050 0.151 0.096 0.027 0.007 0.092 0.079 0.118 0.369 -0.147
Tl 0.019 0.135 0.048 0.029 0.007 0.037 0.031 0.062 2.022 4.873
U 0.018 0.061 0.031 0.011 0.003 0.029 0.024 0.038 1.301 1.955
\% 0.790 1.75 1.29 0.255 0.064 1.26 1.15 1.46 0.113 -0.043
Y 0.094 0.190 0.157 0.029 0.007 0.159 0.142 0.182 -0.835 -0.005
Zn 242 39.3 31.3 3.90 0.976 31.4 28.52 343 3.903 0.976

Table 10 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g!) from the JI region (n = 16) in 2005.
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Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.

Ag 0.023 0.097 0.052 0.020 0.004 0.052 0.036 0.060 0.864 0.004
Al 208 1076 46 156 30.1 448 386 520 2.338 8.451
As 0.158 0.477 0.290 0.084 0.016 0.282 0.223 0.343 0.502 -0.063
Ba 9.64 76.4 29.6 15.5 2.99 25.4 18.3 39.2 1.351 1.847
Be 0.015 0.043 0.028 0.008 0.002 0.028 0.020 0.035 0.221 -0.858
Bi 0.019 0.137 0.044 0.029 0.005 0.033 0.025 0.051 1.956 3.905
Cd 0.251 1.26 0.542 0.234 0.045 0.478 0.403 0.634 1.518 2.514
Ce 0.315 1.25 0.662 0.217 0.042 0.632 0.503 0.790 1.234 2.008
Co 0.154 0.774 0.314 0.130 0.025 0.278 0.248 0.365 2.087 5.644
Cr 0.896 4.51 1.68 0.822 0.158 1.48 1.01 2.02 1.870 4.496
Cs 0.109 1.39 0.441 0.347 0.067 0.294 0.234 0.578 1.702 2.049
Cu 4.16 8.43 6.02 1.013 0.195 5.74 5.19 6.874 0.336 -0.345
Fe 315 1612 644 379 73.0 473 365 810 1.365 0.953
Ga 0.107 0.364 0.212 0.055 0.011 0.202 0.173 0.233 0.843 1.071
Hg 0.028 0.066 0.046 0.011 0.002 0.047 0.035 0.056 0.138 -1.280
In 0.001 0.004 0.002 0.001 0.0002 0.002 0.002 0.003 0.336 -0.537
La 0.150 0.622 0.326 0.108 0.021 0.308 0.259 0.372 1.264 2.013
Li 0.149 0.678 0.321 0.111 0.021 0.307 0.277 0.337 1.606 3.780
Mn 131 659 358 149 28.6 35.5 232 464 0.323 -0.695
Mo 0.097 0.363 0.189 0.074 0.014 0.176 0.139 0.209 1.150 0.582
N 7.07 17.5 12.3 2.45 0.471 12.4 10.2 14.2 -0.058 -0.217
Nd 0.137 0.545 0.287 0.094 0.018 0.268 0.223 0.336 1.308 2.306
Ni 0.951 2.94 1.52 0.427 0.082 1.42 1.19 1.68 1.530 3.515
Pb 5.90 29.6 11.6 5.303 1.02 9.632 7.60 14.4 1.627 3.755
Pr 0.036 0.141 0.074 0.024 0.005 0.069 0.058 0.088 1.279 2.188
Rb 3.00 42.8 17.5 9.99 1.92 16.7 8.36 25.2 0.583 -0.082
S 965 1703 1252 181 34.9 1207 1116 1412 0.400 -0.264
Sb 0.101 0.262 0.172 0.046 0.009 0.168 0.139 0.201 0.489 -0.343
Se 0.103 0.473 0.271 0.096 0.018 0.259 0.202 0.321 0.503 -0.113
Sn 0.140 0.429 0.266 0.071 0.014 0.251 0.227 0.297 0.711 0.506
Sr 4.29 21.5 8.440 3.225 0.621 8.10 6.39 9.30 2.583 9.952
Th 0.041 0.175 0.085 0.030 0.006 0.080 0.065 0.096 1.557 3.196
Tl 0.031 0.236 0.078 0.047 0.009 0.062 0.043 0.106 1.803 3.792
U 0.014 0.049 0.029 0.009 0.002 0.026 0.023 0.035 0.646 -0.162
\% 0.939 2.44 1.563 0.402 0.077 1.59 1.31 1.88 0.385 -0.530
Y 0.081 0.299 0.181 0.048 0.009 0.183 0.146 0.204 0.305 0.540
Zn 30.3 98.8 50.5 18.7 3.60 41.4 349 66.8 0.897 -0.101

Table 11 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g") from the OV region (n = 27) in 2005.
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Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.
Ag 0.018 0.052 0.035 0.010 0.002 0.035 0.026 0.042 -0.044 -0.949
Al 470 2862 904 501 100 839 600 1014.403 2.824 9.795
As 0.284 1.82 0.578 0.314 0.063 0.533 0.380 0.700 2.685 9.823
Ba 7.39 40.3 22.1 9.35 1.87 20.4 16.2 27.344 0.528 -0.587
Be 0.020 0.136 0.048 0.026 0.005 0.042 0.030 0.056 1.86 4.357
Bi 0.022 0.056 0.040 0.011 0.002 0.043 0.030 0.049 -0.240 -1.295
Cd 0.122 0.453 0.249 0.089 0.018 0.226 0.178 0.283 0.681 -0.414
Ce 0.638 3.69 1.34 0.762 0.153 1.13 0.868 1.56 2.206 4.999
Co 0.219 1.222 0.479 0.281 0.056 0.394 0.291 0.475 1.809 2.518
Cr 1.03 4.54 1.75 0.709 0.142 1.72 1.30 1.95 2.578 9.643
Cs 0.091 3.49 0.513 0.661 0.132 0.344 0.209 0.555 4.109 18.762
Cu 3.37 10.5 6.02 1.808 0.362 5.68 4.58 6.98 0.849 0.304
Fe 374 2570 767 483 96.7 653 517 795 2.883 8.882
Ga 0.148 0.965 0.336 0.174 0.035 0.317 0.207 0.403 2.237 6.613
Hg 0.036 0.148 0.064 0.025 0.005 0.057 0.047 0.070 1.932 4.53
In 0.001 0.038 0.004 0.007 0.001 0.003 0.002 0.003 4.809 23.662
La 0.319 1.79 0.657 0.361 0.072 0.549 0.426 0.750 2.110 4.657
Li 0.321 2.33 0.675 0.405 0.081 0.597 0.404 0.781 2.992 11.622
Mn 64.0 1361 469 352 70.4 365 208 614 1.431 1.333
Mo 0.141 0.337 0.218 0.053 0.011 0.216 0.185 0.248 0.531 0.080
N 6.77 19.5 12.3 3.85 0.770 11.4 9.65 14.9 0.474 -0.890
Nd 0.263 1.58 0.555 0.317 0.063 0.460 0.359 0.629 2.234 5.220
Ni 1.17 3.63 2.00 0.600 0.120 1.98 1.47 2.36 0.673 0.612
Pb 2.51 8.73 5.30 1.81 0.361 5.5 3.61 6.72 0.144 -0.991
Pr 0.069 0.418 0.147 0.084 0.017 0.122 0.096 0.169 2.212 5.139
Rb 4.3328 58.6 21.1 13.2 2.65 18.9 13.4 26.2 1.263 1.600
S 883 1970 1299 270 53.9 1292 1091 1436 0.763 0.544
Sb 0.0882 0.260 0.168 0.043 0.009 0.162 0.146 0.204 0.100 -0.385
Se 0.2406 1.51 0.479 0.244 0.049 0.445 0.361 0.523 3.311 13.637
Sn 0.105 0.542 0.292 0.092 0.018 0.294 0.225 0.356 0.373 1.034
Sr 4.224 58.2 16.2 14.5 2.90 10.4 7.53 16.5 2.134 4.111
Th 0.063 0.383 0.150 0.075 0.015 0.139 0.099 0.184 1.562 3.026
Tl 0.016 0.108 0.048 0.026 0.005 0.040 0.030 0.059 1.005 0.161
U 0.023 0.130 0.047 0.024 0.005 0.041 0.028 0.064 1.745 4.296
\% 1.31 7.180 2.61 1.31 0.262 2.39 1.79 2.79 2.523 6.965
Y 0.160 0.816 0.308 0.158 0.032 0.254 0.199 0.364 1.933 4.073
Zn 229 88.875 44.5 19.6 3.92 37.9 30.8 50.2 1.186 0.485

Table 12 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g") from the UL region (n = 25) in 2005.
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Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.
Ag 0.021 0.064 0.034 0.013 0.004 0.031 0.024 0.040 1.374 1.811
Al 2552 1016 449 200 57.8 399 352 482 2.320 6.284
As 0.163 0.556 0.282 0.111 0.032 0.269 0.192 0.308 1.430 2.548
Ba 11.2 40.3 21.6 7.94 2.292 20.8 16.1 24.6 1.092 1.826
Be 0.015 0.056 0.027 0.010 0.003 0.023 0.020 0.032 1.892 4.475
Bi 0.022 0.045 0.031 0.007 0.002 0.030 0.025 0.036 0.509 -0.293
Cd 0.189 0.408 0.281 0.063 0.018 0.269 0.239 0.323 0.649 -0.027
Ce 0.448 2.25 0.705 0.495 0.143 0.552 0.496 0.663 3.264 10.978
Co 0.139 0.453 0.285 0.094 0.027 0.272 0.215 0.365 0.167 -0.801
Cr 0.728 2.35 1.21 0.413 0.119 1.13 0.995 1.30 2.089 5.796
Cs 0.093 0.968 0.293 0.269 0.078 0.197 0.127 0.331 1.880 3.01445
Cu 4.087 6.92 5.34 0.833 0.241 5.28 4.95 5.78 0.350 -0.009
Fe 239 1053 416 211 60.9 350 312 429 2.900 9.210
Ga 0.101 0.375 0.171 0.071 0.020 0.161 0.134 0.182 2.387 6.905
Hg 0.025 0.053 0.040 0.010 0.003 0.039 0.030 0.050 0.002 -1.807
In 0.0007 0.002 0.001 0.0004 0.0001 0.001 0.001 0.002 0.527 0.238
La 0.226 1.08 0.350 0.236 0.068 0.271 0.249 0.334 3.224 10.766
Li 0.158 0.896 0.322 0.190 0.055 0.268 0.248 0.318 2.933 9.405
Mn 64.9 714 36.4 171 49.5 367 279 476 0.173 0.750
Mo 0.100 0.217 0.167 0.036 0.010 0.178 0.146 0.193 -0.774 -0.356
N 8.06 15.6 11.8 2.48 0.716 11.6 9.97 14.1 0.103 -1.350
Nd 0.189 1.04 0.310 0.233 0.067 0.238 0.214 0.283 3.290 11.113
Ni 0.765 2.42 1.42 0.421 0.122 1.35 1.19 1.61 1.040 2.113
Pb 3.784 9.17 5.90 1.48 0.428 6.00 4.79 6.63 0.757 0.825
Pr 0.050 0.261 0.080 0.058 0.017 0.062 0.056 0.074 3.271 11.012
Rb 4.707 69.6 21.4 21.1 6.092 13.1 7.34 29.6 1.495 1.246
S 913 1450 1193 161 46.3 1216 1047 1295 -0.161 -0.748
Sb 0.104 0.208 0.151 0.034 0.010 0.140 0.122 0.183 0.429 -1.248
Se 0.140 0.330 0.226 0.066 0.019 0.217 0.174 0.281 0.221 -0.945
Sn 0.131 0.291 0.219 0.047 0.014 0.234 0.184 0.256 -0.416 -0.591
Sr 4.938 16.0 9.88 3.52 1.01 9.98 7.34 11.5 0.530 -0.311
Th 0.051 0.351 0.096 0.082 0.024 0.070 0.063 0.090 3.255 10.926
Tl 0.020 0.097 0.040 0.021 0.006 0.034 0.025 0.051 1.864 4.271
U 0.015 0.065 0.025 0.013 0.004 0.021 0.019 0.026 2.880 9.076
\% 0.885 2.33 1.35 0.406 0.117 1.35 0.984 1.53 1.132 2.030
Y 0.100 0.488 0.180 0.100 0.029 0.154 0.135 0.182 3.043 9.967
Zn 27.9 40.5 259 8.04 2.320 50.5 27.9 40.5 1.000 -0.199

Table 13 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g"') from the OL region (n = 12) in 2005.
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Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.

Ag 0.024 0.083 0.041 0.016 0.004 0.033 0.029 0.053 1.239 0.938
Al 274 685 416 90.1 20.1 415 360 468 1.226 3.143
As 0.229 0.599 0.363 0.098 0.022 0.337 0.284 0.447 0.698 -0.021
Ba 9.56 33.5 17.6 6.37 1.42 16.0 12.6 20.4 1.095 0.672
Be 0.014 0.040 0.024 0.006 0.001 0.024 0.021 0.027 0.716 1.547
Bi 0.017 0.053 0.035 0.009 0.002 0.033 0.029 0.043 0.273 -0.580
Cd 0.198 0.536 0.277 0.079 0.018 0.259 0.224 0.294 2.151 5.423
Ce 0.375 0.966 0.625 0.170 0.038 0.604 0.506 0.751 0.536 -0.474
Co 0.131 0.602 0.236 0.098 0.022 0.214 0.186 0.265 2911 10.889
Cr 0.722 1.60 1.04 0.210 0.047 1.03 0.887 1.13 1.144 1.645
Cs 0.130 2.46 0.475 0.536 0.120 0.309 0.172 0.520 2.999 10.312
Cu 3.776 7.19 5.54 0.854 0.191 5.58 4.99 5.99 -0.148 0.222
Fe 244 542 361 79.9 17.9 354 303 416 0.520 0.004
Ga 0.096 0.302 0.171 0.047 0.011 0.160 0.136 0.196 1.060 1.729
Hg 0.026 0.061 0.043 0.010 0.002 0.041 0.037 0.048 0.297 -0.425
In 0.001 0.004 0.002 0.001 0.0002 0.002 0.001 0.003 0.647 0.498
La 0.186 0.468 0.311 0.083 0.019 0.293 0.248 0.380 0.449 -0.750
Li 0.174 0.422 0.269 0.067 0.015 0.250 0.226 0.306 0.967 0.708
Mn 96.6 921 435 238 533 383 275 582 0.598 -0.394
Mo 0.129 0.214 0.181 0.027 0.006 0.190 0.155 0.201 -0.568 -0.982
N 7.19 16.4 11.5 2.08 0.466 11.7 10.3 12.8 0.141 0.822
Nd 0.165 0.486 0.273 0.081 0.018 0.256 0.214 0.334 0.995 0.966
Ni 0.928 2.77 1.42 0.435 0.097 1.30 1.17 1.52 2.058 4.816
Pb 3.105 11.4 6.18 2.205 0.493 5.68 4.48 7.48 0.843 0.108
Pr 0.043 0.110 0.071 0.019 0.004 0.068 0.057 0.088 0.494 -0.654
Rb 5.163 76.3 23.8 17.2 3.852 19.7 10.3 323 1.627 3.330
S 809 1493 1123 162.3 36.3 1124 1023 1224 0.204 0.190
Sb 0.099 0.247 0.165 0.045 0.010 0.161 0.129 0.197 0.475 -0.713
Se 0.171 0.420 0.285 0.059 0.013 0.283 0.246 0.321 0.351 0.352
Sn 0.165 0.372 0.254 0.064 0.014 0.234 0.207 0.314 0.540 -0.953
Sr 3.90 14.8 6.42 2.362 0.528 6.09 5.07 6.75 2.494 8.292
Th 0.046 0.148 0.083 0.026 0.006 0.076 0.068 0.096 0.982 0.792
Tl 0.022 0.369 0.073 0.075 0.017 0.063 0.030 0.077 3.512 14.05
U 0.016 0.046 0.028 0.008 0.002 0.028 0.022 0.031 0.623 0.406
\% 0.867 2.05 1.41 0.345 0.077 1.34 1.16 1.59 0.524 -0.238
Y 0.104 0.289 0.166 0.045 0.010 0.159 0.135 0.189 0.977 1.447
Zn 25.3 52.6 34.8 7.14 1.60 33.0 29.6 393 0.907 0.380

Table 14 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g”) from the HK region (n = 20) in 2005.
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Element Min. Max. Mean S.D. Standard Median Lower Upper Skewness | Kurtosis
Error Quart. Quart.
Ag 0.016 0.051 0.029 1.18 0.328 0.027 0.023 0.031 1.527 4.191
Al 259 741 402 112 31.2 361 300 487 1.334 1.302
As 0.178 0.436 0.287 0.044 0.012 0.258 0.244 0.363 0.626 -0.969
Ba 6.28 25.6 13.4 0.001 0.0002 13.8 10.2 15.4 1.106 2.244
Be 0.014 0.033 0.021 0.079 0.022 0.018 0.017 0.022 1.131 0.324
Bi 0.017 0.041 0.025 0.123 0.034 0.024 0.019 0.028 0.863 0.316
Cd 0.162 0.320 0.220 196 54.2 0.210 0.194 0.231 0.989 0.561
Ce 0.390 0.992 0.573 0.032 0.009 0.538 0.476 0.588 1.501 2.462
Co 0.116 0.352 0.214 0.072 0.020 0.189 0.154 0.277 0.579 -0.955
Cr 0.674 1.44 1.01 0.291 0.081 0.982 0.854 1.08 0.692 0.188
Cs 0.098 0.664 0.270 1.72 0.476 0.216 0.149 0.323 1.380 1.628
Cu 3.69 7.50 5.34 0.019 0.005 5.56 4.43 6.36 0.113 -0.792
Fe 227 595 354 10.8 2.991 307 290 388 1.205 0.524
Ga 0.101 0.238 0.142 225 62.3 0.123 0.118 0.146 1.379 0.722
Nd 0.033 0.068 0.041 0.010 0.003 0.037 0.034 0.045 1.902 4.453
In 0.0007 0.003 0.002 0.034 0.009 0.001 0.001 0.002 0.885 -0.206
La 0.196 0.472 0.286 0.049 0.013 0.266 0.229 0.326 1.241 1.273
Li 0.191 0.649 0.280 0.054 0.014 0.235 0.218 0.269 2.609 7.365
Mn 105 683 282 2.16 0.600 199 131 364 1.071 -0.121
Mo 0.112 0.232 0.160 0.026 0.007 0.161 0.144 0.180 0.520 0.821
N 9.05 20.9 13.4 4.04 1.12 12.0 10.4 15.8 0.964 -0.194
Nd 0.169 0.425 0.244 0.023 0.006 0.233 0.193 0.249 1.494 2.272
Ni 0.904 1.87 1.31 0.006 0.002 1.31 1.06 1.42 0.479 -0.396
Pb 3.04 8.81 4.68 0.322 0.089 4.30 3.65 4.94 1.658 2.230
Pr 0.044 0.110 0.064 0.046 0.013 0.061 0.051 0.067 1.453 2.170
Rb 7.842 38.5 19.9 4.49 1.24 15.2 10.8 27.9 0.630 -1.141
S 916 1646 1210 1.18 0.328 1152 1059 1263 0.934 -0.071
Sb 0.108 0.222 0.145 112 31.2 0.135 0.122 0.168 0.950 0.586
Se 0.176 0.353 0.245 0.044 0.01230 0.231 0.222 0.284 0.838 0.536
Sn 0.139 0.321 0.194 0.0008 0.0002 0.177 0.161 0.218 1.337 1.929
Sr 3.90 10.3 6.55 0.079 0.022 6.342 5.12 8.37 0.580 -0.752
Th 0.051 0.147 0.077 0.123 0.034 0.067 0.064 0.083 1.774 3.335
Tl 0.027 0.118 0.058 196 54.2 0.061 0.052 0.067 1.240 3.381
U 0.016 0.036 0.024 0.032 0.009 0.022 0.019 0.024 1.108 0.337
\% 0.831 1.83 1.21 0.072 0.020 1.07 0.993 1.52 0.856 -0.657
Y 0.109 0.268 0.146 0.291 0.081 0.127 0.122 0.147 1.898 3.293
Zn 25.1 39.5 322 1.78 0.476 31.6 28.3 36.3 0.119 -1.059

Table 15 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g!) from the PU region (n = 13) in 2005.
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nEl:(l;l-t Min. Max. Mean S.D. StE:f::d Median (L)?l‘::tl: ggg:: Skewness | Kurtosis
Ag 0.015 0.048 0.033 0.008 0.002 0.034 0.030 0.038 -0.576 1.497
Al 348 643 469 109 31.4 427 390 562 0.525 -1.333
As 0.131 0.312 0.247 0.0602 0.017 0.277 0.195 0.291 -0.813 -0.667
Ba 14.0 455 30.8 8.57 2.47 29.7 26.1 373 -0.225 0.167
Be 0.020 0.067 0.034 0.013 0.004 0.029 0.026 0.038 1.670 2917
Bi 0.012 0.040 0.031 0.008 0.002 0.033 0.027 0.037 -1.154 0.868
Cd 0.155 0.599 0.344 0.114 0.033 0.324 0.276 0.410 0.751 1.394
Ce 0.474 1.52 0.886 0.320 0.092 0.815 0.691 1.00 1.081 0.505
Co 0.204 0.351 0.276 0.046 0.013 0.282 0.240 0.304 0.058 -0.931
Cr 0.984 2.18 1.30 0.370 0.107 1.21 1.06 1.29 1.824 2.515
Cs 0.086 0.353 0.160 0.070 0.020 0.136 0.120 0.184 2.118 5.483
Cu 4.244 7.29 5.66 0.975 0.281 5.69 4.89 6.42 -0.041 -0.929
Fe 311 621 414 87.6 253 408 351 457 1.137 1.643
Ga 0.118 0.259 0.171 0.042 0.012 0.169 0.139 0.189 0.937 0.457
Hg 0.022 0.067 0.040 0.012 0.00343 0.037 0.033 0.048 0.644 0.520
In 0.0006 0.002 0.001 0.0003 0.00008 0.001 0.001 0.002 -1.528 3.219
La 0.237 0.968 0.446 0.212 0.061 0.379 0.308 0.503 1.643 2.518
Li 0.249 0.617 0.390 0.110 0.03187 0.365 0.318 0.446 0.908 0.247
Mn 2478 660 398 124 359 370 304 482 0.632 0.216
Mo 0.076 0.219 0.144 0.035 0.010 0.147 0.128 0.157 0.073 1.625
N 8.81 15.5 12.2 2.12 0.588 12.0 10.8 13.6 0.105 -1.078
Nd 0.208 0.721 0.383 0.165 0.048 0.339 0.263 0.445 1.231 0.582
Ni 1.12 3.27 2.10 0.714 0.206 2.20 1.43 2.60 0.076 -1.212
Pb 2.44 7.62 5.77 1.57 0.453 6.170 5.04 6.93 -0.831 0.427
Pr 0.054 0.193 0.100 0.043 0.012 0.088 0.07 0.115 1.287 0.910
Rb 4.13 29.9 9.23 7.13 2.06 7.60 4.83 10.7 2518 7.145
S 981 1385 1181 124 35.7 1166 1096 1278 0.108 -0.709
Sb 0.061 0.154 0.118 0.029 0.008 0.119 0.101 0.141 -0.676 -0.311
Se 0.113 0.345 0.234 0.057 0.016 0.224 0.212 0.259 -0.011 1.826
Sn 0.065 0.245 0.190 0.058 0.016 0.213 0.167 0.231 -1.358 0.952
Sr 6.12 20.6 10.9 4.13 1.19 10.2 7.77 13.0 1.169 1.560
Th 0.061 0.202 0.109 0.041 0.012 0.102 0.075 0.129 1.088 1.058
Tl 0.011 0.043 0.028 0.009 0.003 0.028 0.024 0.036 -0.115 -0.298
U 0.014 0.041 0.022 0.007 0.002 0.022 0.017 0.024 1.834 4.717
\4 0.847 1.85 1.33 0.287 0.083 1.37 1.20 1.50 -0.240 0.147
Y 0.122 0.366 0.194 0.077 0.022 0.168 0.141 0.232 1.323 0.800
Zn 20.9 51.3 37.8 8.89 2.56 37.1 34.7 44.1 -0.331 0.020

Table 16 - Basic statistics for element content in moss (ug.g”, for nitrogen mg.g*) from the ZL region (n = 12, for mercury
and nitrogen n = 13) in 2005.
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i‘l::t Min. Max. Mean S.D. St}z;n:;l::d Median 5?::{ 832:: Skewness | Kurtosis
Ag 0.022 0.060 0.034 0.010 0.003 0.034 0.025 0.040 1.083 1.358
Al 310 840 516 161 41.7 487 398 611 0.707 -0.148
As 0.179 0.579 0.333 0.123 0.032 0.283 0.239 0.407 0.810 -0.096
Ba 8.74 23.6 16.7 5.34 1.38 16.5 11.5 222 -0.127 -1.639
Be 0.016 0.060 0.032 0.015 0.004 0.026 0.020 0.046 0.727 -0.839
Bi 0.029 0.072 0.045 0.012 0.003 0.044 0.034 0.051 0.797 0.377
Cd 0.114 0.319 0.172 0.048 0.012 0.167 0.140 0.187 2.143 6.657
Ce 0.429 1.21 0.739 0.256 0.066 0.667 0.554 0911 0.688 -0.529
Co 0.126 0.552 0.248 0.112 0.029 0.234 0.168 0.283 1.586 3.180
Cr 0.757 1.65 1.16 0.280 0.072 1.17 0.922 1.41 0.222 -1.028
Cs 0.147 6.93 1.24 1.80 0.466 0.413 0.271 1.17 2.606 7.344
Cu 3.28 5.26 4.40 0.645 0.167 4.45 3.83 4.92 -0.451 -0.800
Fe 235 616 420 118 30.5 387 323 508 0.135 -1.116
Ga 0.113 0.310 0.19 0.058 0.015 0.195 0.145 0.235 0.276 -0.585
Hg 0.032 0.067 0.050 0.011 0.003 0.053 0.040 0.057 -0.001 -1.297
In 0.001 0.003 0.002 0.001 0.0001 0.002 0.002 0.002 0.176 -1.010
La 0.222 0.596 0.373 0.122 0.032 0.338 0.288 0.464 0.612 -0.677
Li 0.258 0.681 0.445 0.158 0.041 0.398 0.303 0.594 0.230 -1.707
Mn 125 740 343 198 51.2 282 146 489 0.622 -0.735
Mo 0.153 0.267 0.192 0.031 0.008 0.193 0.163 0.213 0.871 1.148
N 6.86 12.1 8.84 1.48 0.381 8.51 7.58 9.65 0.722 0.082
Nd 0.179 0.523 0.310 0.104 0.027 0.284 0.233 0.387 0.643 -0.426
Ni 0.913 3.363 1.48 0.601 0.155 1.33 1.16 1.52 2.442 7.071
Pb 2.818 6.62 4.07 1.01 0.260 3.88 3.472 4.483 1.208 1.624
Pr 0.047 0.136 0.082 0.027 0.007 0.07 0.062 0.104 0.586 -0.620
Rb 5.334 101 36.5 24.9 6.431 332 15.6 51.9 1.155 1.994
S 834 1221 983 119 30.7 991 872 1013 0.769 0.087
Sb 0.153 0.262 0.199 0.028 0.007 0.203 0.175 0.212 0.506 0.718
Se 0.174 0.425 0.253 0.072 0.018 0.225 0.192 0.301 1.147 0.856
Sn 0.221 0.390 0.317 0.054 0.014 0.308 0.266 0.370 -0.116 -1.310
Sr 4.787 17.4 8.94 3.504 0.903 7.46 6.34 11.7 1.043 0.684
Th 0.049 0.208 0.095 0.040 0.010 0.082 0.068 0.112 1.732 3.667
Tl 0.025 0.239 0.081 0.055 0.014 0.075 0.040 0.098 1.794 4.320
U 0.019 0.050 0.034 0.011 0.003 0.031 0.024 0.047 0.144 -1.724
\4 1.05 2.39 1.65 0.413 0.107 1.65 1.38 1.99 0.275 -0.751
Y 0.104 0.278 0.163 0.047 0.012 0.156 0.124 0.192 0.857 1.204
Zn 24.3 40.9 31.3 4.566 1.18 31.1 28.3 33.0 0.595 0.653

Table 17 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g") from the KV region (n = 15) in 2005.
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nEl:(l;l-t Min. Max. Mean S.D. StE:f::d Median (L)?l‘::tl: ggg:: Skewness | Kurtosis
Ag 4.60 7.66 0.049 0.012 0.002 0.048 0.043 0.056 0.370 0.031
Al 280 774 635 175 31.4 612 504 712 0.673 0.738
As 0.133 0.387 0.416 0.132 0.024 0.408 0.324 0.468 0.930 0.784
Ba 0.002 0.006 19.7 7.05 1.27 18.7 14.4 21.1 1.199 1.028
Be 0.311 1.19 0.034 0.018 0.003 0.031 0.027 0.037 4.098 20.177
Bi 0.159 0.635 0.062 0.050 0.009 0.050 0.041 0.060 4.666 23.862
Cd 79.4 946 0.419 0.304 0.055 0.302 0.273 0.554 3.150 12.061
Ce 0.167 0.435 0.940 0.340 0.061 0.853 0.732 1.140 2.547 9.292
Co 0.228 0.855 0.306 0.119 0.021 0.272 0.229 0.361 1.998 4.272
Cr 1.05 234 1.41 0.342 0.061 1.46 1.14 1.67 0.129 -0.511
Cs 3.80 22.5 0.820 0.615 0.110 0.700 0.430 1.06 1.565 2.340
Cu 0.062 0.237 6.11 0.716 0.129 6.05 5.66 6.63 0.158 0.032
Fe 9.03 61.5 483 121 21.8 475 405 5581 0.802 0.504
Ga 876 1409 0.242 0.060 0.011 0.238 0.197 0.265 0.443 0.064
Hg 0.029 0.095 0.060 0.016 0.003 0.060 0.048 0.070 0.154 -0.081
In 0.089 0.344 0.003 0.001 0.0002 0.003 0.002 0.004 1.340 1.292
La 0.259 0.738 0.480 0.165 0.030 0.434 0.377 0.537 2.776 10.744
Li 0.185 0.622 0.344 0.101 0.018 0.316 0.275 0.381 0.903 1.396
Mn 4.52 16.8 301 204 36.5 252 172 345 1.692 2.802
Mo 0.046 0.332 0.267 0.069 0.012 0.254 0.219 0.301 1.041 0.638
N 8.28 15.4 11.6 1.74 0.312 11.8 10.6 12.6 -0.159 -0.259
Nd 0.020 0.495 0.383 0.124 0.022 0.352 0.305 0.413 2.082 6.061
Ni 0.022 0.208 1.69 0.333 0.060 1.70 1.50 1.91 -0.213 -0.264
Pb 1.29 2.96 7.98 3.318 0.600 7.04 6.35 8.50 3.036 12.188
Pr 0.134 0.863 0.103 0.034 0.006 0.09 0.080 0.111 2.264 7.239
Rb 28.5 68.6 30.3 12.0 2.15 26.8 21.6 375 0.948 0.975
S 4.58 7.66 1182 127 22.7 1179 1110 1287 -0.421 0.089
Sb 280 774 0.220 0.061 0.011 0.221 0.175 0.245 0.237 -0.076
Se 0.133 0.387 0.439 0.117 0.021 0.432 0.342 0.521 0.596 0.145
Sn 0.001 0.006 0.351 0.087 0.016 0.351 0.296 0.387 0.988 2.274
Sr 0.311 1.19 7.92 3.17 0.570 6.82 5.61 9.41 1.587 2.195
Th 0.159 0.635 0.119 0.052 0.009 0.105 0.086 0.141 2.358 8.537
Tl 79.42 946 0.106 0.101 0.018 0.067 0.052 0.130 2.407 6.859
U 0.167 0.435 0.047 0.032 0.006 0.040 0.032 0.053 4.378 21.986
\% 0.228 0.855 2.01 0.409 0.074 1.99 1.71 2.17 0.465 0.054
Y 1.05 2.338 0.236 0.124 0.022 0.218 0.181 0.252 4.536 23.281
Zn 3.80 22.5 40.3 8.96 1.61 38.8 0.124 0.022 1.039 1.87117

Table 18 - Basic statistics for element content in moss (ug.g”, for nitrogen in mg.g™*) from the LI region (n = 31) in 2005.
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The current distribution of individual elements in moss in CZ is briefly commented on in the following part of this report.
Inter-survey temporal and spatial changes in the element contents in moss in CZ are briefly discussed. The evaluated elements
are dealt with in the alphabetical order of the chemical symbols for the determined elements.

Further commented maps of the element content distribution in moss in CZ in 2005 for all investigated elements can be
found after the Appendix to this report.

3.1.1 Ag — Silver

Current silver content distribution

The content of silver (Ag) in moss ranged between 0.097-0.015 pg.g!. The basic statistics for Ag content in moss from
individual regions and from CZ as a whole are available in Tables 5-18, above. A classed post map and isopleth map of the
current Ag content distribution in CZ can be found in the closing part of this survey.

In about 80 % of the CZ territory, moss accumulated Ag in amounts less than 0.04 pg.g'. The highest accumulation of Ag
in moss (above 0.08 pg.g™!) was found locally between Frydek Mistek and Tiinec, near Pelhifimov and near P¥ibram. The lo-
cally high Ag accumulation in moss is due to the operation of non-ferrous metallurgical plants. However, no relevant anthro-
pogenic emission source of Ag near Pelhfimov is known. Accidental contamination of the monitoring plot near Pelhfimov is
a possible explanation.

An increased Ag content in moss was observed in the northern mountain ranges (the Krusné¢ Mts, the Jizerské Mts, the
Krkonose Mts, the Orlické Mts and the Jeseniky Mts). The increased accumulation of Ag in moss may be due to geogenic
effects (erosion of rock types with increased Ag content) and anthropogenic effects (operation of a local glass works, non-
ferrous smelters and industrial furnaces burning brown coal in Silesia). The atmospheric deposition rates of Ag correlate wi-
th the precipitation sums (Sucharova and Suchara 2004b; Suchara et al. 2007a), which are higher in mountain areas. Howe-
ver, no increased accumulation of Ag was found moss in the mountains along the southern border of CZ and in most of the
Czech-Moravian highlands.

The effects of selected explanatory factors on the current Ag content in moss in CZ are discussed in greater detail in Chap-
ter 3.5.

Temporal and spatial trends 2000-2005

The pattern of Ag content distribution in CZ for 2000 is available in Suchara et al. (2007a). The ranges of Ag content in
moss in 2000 and 2005 are similar. The CZ national mean Ag content of 0.034 and 0.036 pg.g! for 2000 and 2005, respecti-
vely, do not differ significantly. A comparison between the isopleth map of Ag distribution in moss in 2005 and the same map
in moss survey 2000 (Suchara et al. 2007a) shows very similar patterns. There continues to be a high content of Ag in the
moss around non-ferrous smelters, and an increased accumulation of Ag in moss in the northern mountains. The occurrence
of a high Ag accumulation in moss near Pelhfimov in 2005 is new and probably accidental. The next CZ moss survey will
pay increased attention to the Ag content in moss on this plot, and will search for potential Ag sources in the surroundings of
the plot. Territorial changes in element content in moss can be found in Table 21.

A more detailed evaluation of long-term trends in element accumulation in moss is given in Chapter 3.6.

3.1.2 Al — Aluminium

Current aluminium content distribution

The current variability of aluminium (Al) content in moss was very wide, 208-28600 pg.g"! (Table 5). An increased or
high Al content in moss was found in approximately one quarter of the CZ territory. Exposure of moss to increased depositi-
on rates of soil and industrial dust particles in the affected areas may have been the main cause of increased accumulation of
Al in moss. The very high content of Al in moss near Most and in the UL region is evidently due to high dustiness associa-
ted with extraction of brown coal, and industrial combustion of brown coal in local power plants and in other industrial fur-
naces. The local high Al accumulation in moss in southern Moravia (BN region) is due to high deposition loads of soil par-
ticles eroded from local large fields. The increased Al accumulation in moss in the northern part of the KV and PL regions
and in the western part of the SC region is associated with the effects of extraction of coal and raw materials, production of
lime and cement, combustion of brown coal in local industrial furnaces, and wind erosion of old and current industrial was-
tes and soil deposits.

Temporal and spatial trends 2000-2005

A comparison of the isopleth maps for Al content distribution in moss shows hot spots in the same positions in CZ in 2000
and 2005. However, the area of increased Al contamination of moss in southern and central Moravia and in the western part
of the Czech-Moravian Highlands was substantially lower in 2005 than in 2000. In contrast, the area of increased accumulati-
on of Al in moss in western Bohemia was markedly larger in 2005. These changes may indicate variable intensity of dustine-
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ss in the impacted areas caused, e.g., by different activities of earthworks and climatic effects (distribution of different preci-
pitation sums and wind intensities). Moss in parts of CZ that are mainly densely afforested seems to accumulate significantly
less Al than moss growing in industrial regions and on farm land. The effects of selected explanatory factors are discussed in
greater detail in Chapter 3.5. For an evaluation of the long-term trend in Al content in moss in CZ, see Chapter 3.6.

3.1.3 As — Arsenic

Current arsenic content distribution

Arsenic (As) was accumulated in moss in the range of 0.103—1.82 pg.g! in 2005 (Table 5). A content of As in moss exce-
eding 1.0 pg.g*! was found around Most and to the west of M¢&Inik. At both sites, there are coal-fired power plants in opera-
tion that cause high As contamination of their surroundings. Combusted brown coal is rich in arsenopyrite. An increased As
content in moss was found in moss samples collected in the northwestern part of Bohemia delimited by lines connecting Us-
ti nad Labem — Pfibram — Jachymov — Usti nad Labem. This area is affected by industrial combustion of coal, and lies in the
UL region, in the western part of the SC region, and in northern parts of the KV and PL regions. The remaining part (80 %)
of CZ revealed no accumulation of As in moss above 0.4 pg.g™!. The cleanest areas, with As content in moss below 0.2 pg.g?,
are situated mainly along the southern CZ border. The absence of major industrial furnaces and a preponderance of forests
characterises this area, which is the cleanest in CZ.

Temporal and spatial trends 2000-2005

Sites with the highest bio-indicated As accumulation in moss were located in the same places in 2000 and in 2005. Howe-
ver, a larger area of increased As accumulation in moss was determined in western Bohemia in 2005. Increasing energy and
industrial production in the UL region may be the reason for this phenomenon. On the other hand, a markedly diminished area
of higher accumulation of As in moss was found in northeastern Bohemia and in southern Moravia in 2005 in comparison wi-
th 2000. This may be due to reduced intensity of falling soil particles resulting from decreased wind erosion, mainly in the re-
latively wet year 2005. Nevertheless, the total areas of CZ with a low, medium and high As content in moss were comparable
in 2000 and 2005. Long-term trends in As content in moss in CZ are discussed in greater detail in Chapter 3.6.

3.1.4 Ba— Barium

Current barium content distribution

Barium (Ba) was accumulated in moss in the range of 5.32-76.4 pg.g™!. Small local Ba accumulation hot spots in moss were
clustered in northeastern Moravia (Frydek Mistek, Ostrava, and the Beskydy Mts). High contamination of moss by Ba may be
caused by erosion and by spreading of dust from industrial waste dumps and refuse heaps in industrial areas, and by soil dust
in mining and farmland areas. Larger areas of increased Ba content in moss were found in eastern and southern Moravia (re-
gions OV, ZL, BN), and in the Most district (region UL) in northwestern Bohemia. The increased Ba accumulation is mainly
associated with high wind erosion of arable soil on the Carpathian flysch sediments in eastern and southern Moravia, and by
the overburden of Tertiary sediments in the brown coal basin near Most. Several small isolated plots of increased Ba content in
moss were observed elsewhere. In approximately 75 % of the CZ territory, the Ba content in moss was lower than 25 pg.g™.

Temporal and spatial trends 2000-2005

The pattern of Ba content distribution in moss was very similar in the isopleth maps for 2000 and 2005. A substantial redu-
ction at individual hot spots in southern Moravia and at individual spots in the Krkonose Mts and the Orlické Mts. was found
in 2005. The weather conditions, mainly the rainy year 2005, may have contributed to lower wind erosion of rocks and soil
covers than in 1998-2000. In 2005, moss samples were collected at some new sites in large woods in southern Moravia that
were less affected by deposition of soil particles. This contributed to the lower bio-indicated intensity of Ba deposition in the
southern Moravian hot spot. The isopleth maps for 2000 and 2005 showed no substantial temporal and spatial changes in Ba
content in moss. For a more detailed evaluation of trends in Ba content, see Chapter 3.6.

3.1.5 Be — Beryllium

Current beryllium content distribution

In the current CZ bio-monitoring survey, the beryllium (Be) content in moss was found to be between 0.008-0.136 pg.g™.
The following three sites of high and increased Be content in moss were found: the surroundings of Most, an area to the west
of M¢élnik, and near Jesenice. The first two sites are affected by the operation of local coal power plants. The reason for the
high Be accumulation in moss near Jesenice is not known. Accidental contamination of the sampling plot, e.g., by bio-turba-
tion, can be suggested as a possible explanation. The high Be content in moss at the sampling plot near Jizerka in the Jizer-
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ské Mts may be of geogenic origin (springs near local ore deposits), rather than from an anthropogenic source. An increased
Be content in moss was found in three small areas in southern Moravia. Deposition of soil particles eroded from soil covers
where there are sediments of Carpathian flysch may explain the bio-indicated increased Be atmospheric deposition rates in
these areas. In 85 % of the CZ territory, moss contained Be in amounts lower than 0.04 pg.g!

A special bio-monitoring campaign found no increased Be content in moss on the Czech side of the Kralicky Snéznik Mts
in 2006, see Chapter 1.2.

Temporal and spatial trends 2000-2005

Very similar patterns of Be content in moss in CZ can be observed in the relevant isopleth maps for 2000 and 2005. A small
increase in Be accumulation in moss was determined in western Bohemia (in the UL, KV and parts of the PL and SC regi-
ons) and a small decrease in southern Moravia (in the BN, OL and ZL regions) in 2005. Slightly increased industrial sources
of Be at the present time can explain this phenomenon in western Bohemia. However, fewer effects of deposition rates of so-
il particles were observed in southern Moravia. No dramatic changes in the spatial and temporal distribution of Be in moss
occurred between 2000 and 2005.

3.1.6 Bi— Bismuth

Current bismuth content distribution

The range of bismuth (Bi) content in moss was found to be between 0.012-0.318 pg.g! in 2005. A high accumulation of
Bi in moss, exceeding 0.09 pg.g!, was determined near Dé&¢in and in the Beskydy Mts. The first hot spot is caused by proces-
sing of Bi-based scrap in Dé¢in. The high bio-indicated Bi value in the Beskydy Mts. is probably due to the operation of me-
tallurgical works in the Ostrava and Tiinec areas, and the smelters nearby in Poland may also have contributed to the occur-
rence of this hot spot. High Bi accumulation in moss was also revealed near Novy Bor. The operation of the local glass works
is with high probability the source of Bi pollution in this area. An increased Bi content in moss was determined near Jachy-
mov and near Pfibram. The increased Bi accumulation in moss is due to atmospheric deposition of soil particles eroded from
the former polymetallic ore mines near Jaichymov, and the operation of a secondary lead smelter near Ptibram. The currently
increased Bi contamination may be a local problem in the UL, OV, LI, KV and PL regions. In about 80 % of the CZ territory,
moss contained Bi below a background level of 0.04 pg.g™!, indicating low deposition rates of this element.

Temporal and spatial trends 2000-2005

The surroundings of Décin, Pfibram and Frydek Mistek were sites of high and increased Bi content in moss in 2000 (Su-
chara et al. 2007a). In 2005, a distinct increase in Bi accumulation in moss was determined in the Beskydy Mts, near Novy
Bor and near Jachymov. However, the Bi content in moss diminished markedly near Piibram, probably due to the current de-
crease in Bi use in the operation of the local secondary lead smelter. The current territorial background levels of Bi in moss
were found to be slightly higher than five years earlier (concentration class 0.03—-0.04 pg.g!), mainly in western, southern
and northwestern Bohemia (KV, UL, LI, JI regions). The next moss survey will contribute to a better recognition of trends in
Bi accumulation in moss in CZ.

3.1.7 Cd — Cadmium

Current cadmium content distribution

The content of cadmium (Cd) in moss ranged between 0.114—1.75 pg.g™! (Table 5). Near Frydek Mistek, near Pfibram and
near Desna a high Cd content in moss was determined, in excess of 1 pg.g'. The operation of metallurgical plants in Frydek
Mistek and in Pfibram, and the production of glass and ceramics near Desné can be considered as the major current industrial
sources of Cd in CZ. Increased Cd accumulation in moss was determined in northern Moravia (OV, OL regions) and in sou-
thern Moravia (in parts of the ZL and BN regions). The increased Cd content in moss was due to increased deposition loads of
industrial dust and soil dust in these areas. In the rest of the CZ territory, moss did not accumulate more Cd than 0.30 pg.g™.
The inserted classed dot map and isopleth map of the distribution of Cd content in moss in 2005 provide further details.

Temporal and spatial trends 2000-2005

A comparison of the isopleth maps of the Cd content distribution in moss in 2000 and 2005 show very similar patterns,
and the hot spots are in the same positions. However, the hot spots near Pfibram and near Desna became stronger in 2005. In
contrast, the hot spots in northeastern Moravia became weaker in the Ostrava agglomeration and increased near Frydek Mis-
tek in 2005. The distribution of Cd deposition in the OV region may be influenced by the operation of metallurgical works in
CZ and in the nearby Katowice industrial region in Poland. No substantial spatial and temporal changes in Cd content distri-
bution in moss were determined for 2000 and 2005, with the surprising exception of a significant decrease in the SC region
(Table 21). The long-term trend in Cd accumulation in moss is discussed in Chapter 3.6.
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3.1.8 Ce — Cerium

Current cerium content distribution

The cerium (Ce) content in moss ranged between 0.302-3.69 pg.g! in 2005. Accumulation of Ce, a typical lithophile ele-
ment, by moss in excess of 2 pg.g! was determined near Most and near Kadai in western Bohemia, and near Pohotelice in
southern Moravia. Increased dustiness associated with extraction of brown coal and coal burning in local industrial furnaces
in the brown coal basin in western Bohemia is the reason for the high accumulation of Ce in moss at these sites. Similarly,
high deposition rates of soil particles eroded from the large area of farmland in southern Moravia caused high Ce accumu-
lation in moss in this region. A rising Ce content in moss was found locally near M¢élnik and near Prerov. The site near M¢l-
nik was affected by the operation of a coal power plant and by deposition of farmland soil particles, while the moss at the si-
te near Pferov was contaminated mainly by deposition of eroded soil particles from the fields adjacent to the grove where the
sampling plot is located. Slightly increased Ce accumulation in moss was determined mainly in the UL and BN regions. Low
background deposition rates of Ce were bio-indicated in approximately 75 % of CZ in 2005.

Temporal and spatial trends 2000-2005

In western Bohemia and southern Moravia, hot spots were identified in the same positions in the isopleth maps of Ce con-
tent distribution in moss for 2000 and 2005. However, the hot spot in southern Moravia was markedly weaker in 2005. This
may be due to diminished erosion of arable soil in the current bio-monitoring campaign, in 2005 The updated isopleth map
showed decreased intensity and area of the hot spot in southern Moravia and an increased accumulation of Ce in moss in the
UL, KV, PL and SC regions. The results of a statistical evaluation of the regional changes in Ce content in moss are shown
in Table 21.

3.1.9 Co — Cobalt

Current cobalt content distribution

The cobalt (Co) content in moss ranged between 0.106—1.22 pg.g™!. The highest Co accumulation was found in moss sam-
ples near Litvinov and Kadai, in the coal basin in western Bohemia. The area is affected mainly by dustiness from coal ex-
traction, industrial combustion of brown coal and the operation of chemical and engineering works. A larger area of increased
Co accumulation in moss was revealed in southwestern Bohemia (PL region). The centre of the highest Co content in moss
in this area is near Piibram. The operation of a secondary lead smelter is obviously the crucial source of Co there. A slightly
increased Co content in moss was found at a few individual plots situated elsewhere. Most frequently, these plots were affec-
ted by deposition of soil particles from the local fields. At some sites, e.g., Mélnik and Kopfivnice, the effect of deposition of
industrial dust should be considered. In about 80 % of the CZ territory, the Co content in moss did not exceed 0.4 pg.g™.

Temporal and spatial trends 2000-2005

The isopleth map for the distribution of Co in moss in 2000 (Sucharova and Suchara 2004a) also showed the position of
two hot spots near Litvinov and Kadar. In addition, high Co accumulation in moss was found near Kyjov and Dukovany in
southern Moravia in 2000. The hot spot near Kyjov was caused by high deposition rates of soil particles eroded from exten-
sive farmlands, while the hot spot near Dukovany was probably due to a local effect of erosion of Co-rich serpentinite rock
and the soil covers. These two hot spots were not manifested in 2005, probably due to lower current erosion intensity in sou-
thern Moravia. In contrast, increased accumulation of Co in moss in the surroundings of Pfibram was observed in 2005. In-
creased emission of Co from the local smelter may be the main reason for this. The area of moss with an increased Co con-
tent revealed in Moravia in 2000 has almost disappeared, while the Co content in moss increased moderately in the PL and
UL regions in 2005. Throughout the CZ territory, the background Co content in moss decreased in 2005. The decreased ero-
sion effect in the wet year 2005, and a corresponding reduction in deposition levels of dust particles in CZ in 2005, may ha-
ve led to this phenomenon.

3.1.10 Cr— Chromium

Current chromium content distribution

The minimum and maximum values for chromium (Cr) content in moss were determined at 0.51 and 4.54 pg.g™', respecti-
vely, in 2005 (Table 5). In about 95 % of the CZ territory, the accumulation of Cr in moss did not exceed 2.0 pg.g'. A slight-
ly increased Cr content in moss was revealed in the Most and Ostrava districts, near M¢lnik, near Pfibram and near Znojmo.
These localities were affected by increased deposition loads of soil and industrial dust (extraction and combustion of coal,
operation of metallurgical plants, a coal power plant and a secondary lead smelter). The area near Znojmo is affected exclusi-
vely by increased deposition of soil particles eroded from large fields in the area. The Cr content in moss seems to vary con-
siderably in the individual moss surveys in CZ. Since atmospheric deposition rates of soil particles are important contributors
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to Cr in moss, the variability in the Cr content in moss in the individual surveys may be mainly due to fluctuations in climatic
conditions that control soil erosion. The effects of some other explanatory factors are discussed in Chapter 3.5.

Temporal and spatial trends 2000-2005

A comparison of the isopleth maps for the distribution of Cr content in moss in 2000 and 2005 showed that small hot spots
in the ZL and BN regions have disappeared, and there are zones of increased Cr accumulation in moss in central and northe-
astern Bohemia (SC and PU regions) and in Moravia (JI, OL, ZL and parts of the BN and OV regions) in 2005. An extensi-
ve increase in the area of bio-indicated low atmospheric deposition rates of Cr can be noted in the northern half of Bohemia
and in the eastern part of Moravia. The deposition loads of soil Cr probably control the Cr content in moss in most of the CZ
territory, while industrial Cr sources have a more local effect. This phenomenon may be due to low erosion intensity and co-
rrespondingly reduced deposition levels of soil particles in CZ, mainly in the wet year 2005, or it may be the outcome of ge-
nerally decreased background Cr deposition levels in Central Europe. The concentration classes established for Cr content
in moss for the European moss survey in 1990 are now too high. The Cr content in moss now corresponds to the lowest 1-2
concentration classes, so that finer differences in current Cr accumulation in moss in CZ cannot be distinguished. The long-
term trends in Cr content in moss are discussed in Chapter 3.6.

3.1.11 Cs— Caesium

Current caesium content distribution

The range of caesium (Cs) content in moss was 0.074—6.93 pg.g"! in 2005. The background level of Cs in moss was found
to be below 0.6 pg.g"' in about 90 % of the CZ territory. However, in 8 local hot spots (near Nova Bystiice, near Zeleznd Ru-
da, near Marianské Lazné, near Jachymov, near Cesky Jifetin, near Harrachov, near Dobruska and near Jevany) the Cs con-
tent in moss increased steeply to concentrations exceeding 2 pg.g!. An increased Cs content in moss was revealed near Straz
pod Ralskem, near Zlaté Hory, near Frydek Mistek and near Jimramov. No major anthropogenic sources of Cs are conside-
red to be in operation in CZ. All sites where Cs is accumulated in moss are situated in cross-border mountains or outcrops of
old igneous rock types of the Czech Massif, which are rich in Cs. Through cycling of the elements, increased amounts of Cs
enter into plant biomass, humus and soil covers. Humus particles and litter transported by wind and trapped by moss carpets
are the main sources of Cs for moss plants.

Temporal and spatial trends 2000-2005

The isopleth maps of Cs content distribution in moss in 2000 and 2005 show remarkably similar patterns. In the 2000 and
2005 moss surveys, the hot spots were located in relatively fixed positions, and the contamination of moss by geogenic Cs
was stable. The current content of Cs in moss is controlled by the intensity of Cs cycling and bio-turbation of the forest flo-
or in forest stands where there are rock types rich in Cs. The contribution of anthropogenic sources of natural Cs and *’Cs is
negligible, and is indistinguishable in the Cs contents measured in the moss surveys. The distribution of long-term accumu-
lated (humus) and the current (moss) atmospheric deposition rates of *’Cs may be determined in cooperation with the State
Institute for Radiation Protection in the next moss campaign 2010. The position and the area of the zones of low background
Cs content in moss did not change in the period 2000-2005.

3.1.12 Cu — Copper

Current copper content distribution

The content of copper (Cu) in moss ranged between 3.29-10.5 pug.g'. No striking area of high Cu accumulation in moss
was found in 2005. The highest Cu content was determined mainly around Most and possibly around Frydek Mistek. Larger
areas of slightly increased Cu content in moss can be seen in the isopleth map in the UL region, in northwestern parts of the
LI and SC regions, in Prague, in the central part of HK, in the northern part of OL, and in northeastern parts of the OV and
BN regions. The listed plots are affected due to industrial combustion of brown coal (UL, LI, HK), industrial dustiness from
metallurgical plants (OV), and increased deposition loads of eroded soil particles (BN). The cross-border area near Jesenik
may be impacted by increased deposition of industrial dust from metallurgical works operating in Silesia (southern Poland).
In about 70 % of the CZ territory, moss did not accumulate Cu above 6 pg.g™ in 2005.

Temporal and spatial trends 2000-2005

A moderately increased Cu content in moss was determined near Most in northwestern Bohemia, near Trutnov in northe-
astern Bohemia, and near Kyjov in southern Moravia in 2000. At that time, there was an increased Cu content (6-9 pg.g') in
approximately 60 % of the CZ territory moss, and a low content of Cu (below 6 pg.g™) in 40 % of the CZ territory. In 2000,
there was a large-scale increased Cu content in moss, mainly in the northern half of Bohemia and in the northern and eas-
tern half of Moravia. In 2005, the area in southern Moravia that had formerly had an increased Cu accumulation was smaller,
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probably due to a decreased soil erosion effect in this area. The background Cu content in moss fell markedly throughout the
country between 2000-2005. A considerable improvement can be seen, e.g., in the PU, OL, ZL, BN and JI regions. No sub-
stantial reduction in metallurgical and other industrial production was registered in Central Europe. The general decrease in
Cu background content is therefore rather associated with decreased erosion of soil covers and of present and past waste de-
posits in the countryside.

3.1.13 Fe —Iron

Current iron content distribution

Iron (Fe) was accumulated by moss in amounts ranging between 182-2570 pg.g! in 2005. In the inserted isopleth map,
spots of high Fe accumulation in moss can be seen in western Bohemia (near Most and Kadari), in northeastern Moravia (ne-
ar Ostrava and Nydek), and in southern Moravia (near Znojmo). The brown coal basin near Most is predominantly affected
by high dustiness associated with extraction of coal and combustion of coal in local industrial furnaces. Northeastern Mora-
via suffers mainly from high dustiness emitted from local metallurgical works and from industrial combustion of coal. The
farmland area around Znojmo is affected by erosion and deposition of soil particles. Zones of increased Fe content in moss
surround these hot spots. There are plots of increased Fe accumulation in moss near Mélnik (operation of a coal-fired power
plant), Pfibram (operation of metallurgical plants) and Olomouc (increased deposition rates of eroded soil particles). In ap-
proximately 85 % of the CZ territory, the content of Fe in moss did not exceed 600 pg.g™"' (the territorial background level).

Temporal and spatial trends 2000-2005

Plots in the same positions had high and increased Fe content in moss in 2000 and in 2005. Somewhat increased regional
background Fe contents in moss were determined for the southwestern part of Bohemia, while the background content of Fe
in moss in the eastern part of Bohemia and in the western part of Moravia fell in 2005. The distribution of functioning metal-
lurgical plants was consolidated in CZ before 2000. The current variability in Fe content in moss is therefore mainly due to
the deposition rates of soil dust particles and possibly industrial dust particles. For the PL, UL and KV regions the significant
increase and for the SC, JI and PU regions the significant decrease were found (Table 21). The effects of selected explanato-
ry factors on Fe distribution in moss is discussed in Chapter 3.5.

3.1.14 Ga - Gallium

Current gallium content distribution

In the current bio-monitoring campaign, the gallium (Ga) content in moss ranged between 0.084-0.965 pg.g!. A high Ga
content in moss was determined in the brown coal basin (Most, Kadan) in northwestern Bohemia, near M¢lnik in central Bo-
hemia, and near Znojmo in southern Moravia. Near Most, the sampling plots were mostly affected by dustiness released due
to extraction of coal and the operation of local coal-fired power plants. The high accumulation of Ga in moss to the west of
Meélnik can be explained by increased deposition of coal ash emitted from the local power plant and spread from ash depo-
sits. In contrast, the high content of Ga in moss near Znojmo is probably mainly due to contamination of moss by soil par-
ticles deposited from large local fields suffering from intensive wind erosion. An increased content of Ga in moss was found
in the western part of the SC region, along the state border near Liberec in northern Bohemia, and locally near Ostrava, near
Frydek Mistek, and near Olomouc in northern Moravia. The bio-indicated increased deposition rates of Ga at these sites can
be explained by increased precipitation of coal ash (LI region), industrial dust (Pfibram, Rokycany, Ostrava) and soil dust
(Olomouc). However, the affected areas are relatively small, and in about 80 % of the CZ territory the Ga content in moss
did not exceed 0.25 pg.g!. The very similar pattern of Ga content and Fe content distributions in moss in 2005 may indicate
that the distribution of these elements was controlled by the same pollution sources. This is strongly supported, e.g., by the
results of cluster analysis (Fig. 2).

Temporal and spatial trends 2000-2005

A comparison of the relevant isopleth maps shows a similar distribution of Ga in moss in 2000 and 2005. The highest Ga
accumulation in moss was determined in both surveys in northwestern Bohemia and in southern Moravia. The Ga accumu-
lation in moss in the hot spots in northwestern Bohemia increased slightly, whereas the Ga accumulation in northeastern Bo-
hemia and Moravia decreased in 2005. A substantial decrease in Ga content was determined between Kyjov and Znojmo, in
southern Moravia. These changes in Ga content in moss can be explained by variable erosion intensity of the soil covers and
industrial dumps. The same factor caused a slight increase in the background Ga content in moss in southwestern Bohemia
and a slight decrease in eastern Bohemia and throughout Moravia in 2005 (see also Table 21).
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3.1.15 Hg — Mercury

Current mercury content distribution

The mercury (Hg) content in moss ranged between 0.022—0.148 pg.g" in 2005. No sites of very high or high Hg accumu-
lation in moss according to the content classes introduced in the moss surveys were found in CZ in 2005. A moderately in-
creased Hg content in moss was determined between Litvinov and Most in western Bohemia, near Neratovice in central Bo-
hemia, and near Frydlant in northern Bohemia. The western Bohemian site is affected by the operation of coal power plants
and chemical works, the surroundings of Neratovice suffer from the operation of a chlor-alkali plant (Suchara and Sucharo-
va 2008), and the area near Frydlant is affected by increased deposition rates of Hg emitted from the nearby coal power plant
in Bogatynia, Poland. These plots are delimited and joined into a large continuous area of increased accumulation of Hg in
moss. This zone covers central parts of the UL and LI regions and the western part of the SC region. A few individual sam-
pling plots in various places provided moss samples with an increased Hg content. Besides accidental contamination of moss,
e.g., through bio-turbation of the forest floor or deposition of soil particles (JI and BN regions), there were local impacts of
industrial combustion of coal (Sokolov, Kroméiiz, Karvind) or foreign industrial sources of Hg nearby (from Katowice, My-
java regions). In the remaining approximately 85 % of the CZ territory, moss samples contained relatively low background
contents of Hg below 0.06 pg.g'.

Temporal and spatial trends 2000-2005

A comparison of the current distribution of Hg in moss with the isopleth map for Hg distribution in 2000 (Sucharova and
Suchara 2004a) showed that the spot of high Hg accumulation in moss near Kyjov in southern Moravia had disappeared in
2005. There operate only few more important industrial sources of Hg in southern Moravia (Bfeclav and Hodonin). Hence
decreased loads of deposited soil particles in this area due to the wet year 2005 could explain the substantial reduction in this
hot spot. In 2005, no spots of medium increased or zones of moderately increased Hg accumulation in moss were determi-
ned between Pardubice and Zabieh in northeastern Bohemia, and near Kladno and near Stfibro in western Bohemia. The bi-
o-indicated decrease in Hg pollution may reflect the closure of some industrial works and a decrease in industrial production
in these areas between 2000-2005, and also a decrease in erosion intensity in 2005. The CZ background Hg content in moss
decreased in 2005 in all regions except for the area in southwestern Bohemia. An evident improvement was found for exam-
ple, in the HK, PU, BN, OL and JI regions. The decrease in background Hg levels indicated by the moss samples may reflect
a decrease in current soil and industrial dustiness and in long-distance Hg transport from remote Hg sources abroad. Table 21
shows significant changes in the Hg content in individual regions between 2000-2005.

3.1.16 In — Indium

Current indium content distribution

The content of indium (In) in moss ranged between 0.001-0.038 pg.g!. A high accumulation of In was revealed along the
state border in northwestern Bohemia, between Varnsdorf and Chomutov. The sudden appearance of high contamination of
moss with In along the Krusné Mts ridge may be very speculatively explained by the establishment and operation of systems
of wind power stations and solar energy collectors in this area between 2000-2005. A relatively high In content in moss was
found at a few plots in northeastern Moravia (Frydek Mistek, Ostrava, Nydek). A dominant effect of the local metallurgical
industry on local In contamination can be considered. An increased content of In in moss was determined locally at several
other plots. The operation of a smelter near Pfibram and local contamination of moss by soil particles near Hradek u Necha-
nic and Velenka can explain the increased In accumulation at these plots. A relatively low (territorial background) content of
In in moss was found in about 50 % of the CZ territory, mainly in the southern half of the country.

Temporal and spatial trends 2000-2005

A comparison of the isopleth maps for In distribution in moss in 2000 and 2005 showed a substantial increase in the
amounts of In determined in moss, mainly in northwestern Bohemia (KV, UL, LI regions), in northeastern Bohemia (HK, PU
regions) and in parts of the SC region in 2005. For three regions, the increase in the In content in moss was significant (Table
21). The bio-indicated raised emission loads in 2005 may be due to emissions from metallurgical works and locally increased
wind erosion of ground dust. On the other hand, a slight decrease in In content in moss was observed in Moravia, mainly in
the BN region. The causes of the fluctuations in the In content in moss in CZ are not reliably known.

3.1.17 La — Lanthanum

Current lanthanum content distribution
The lanthanum (La) content in moss ranges between 0.15-1.79 pg.g’l. Moss accumulated relatively high amounts of La
only near Most and near Kadarn, in western Bohemia, in 2005. No direct industrial sources of La in CZ are known. Mainly

37



geogenic sources of La in moss can therefore be considered. The high contamination of moss by La in the Most coal basin is
due to high levels of soil and coal ash dustiness accompanying the extraction, transport and industrial burning of brown coal.
An increased La content in moss was also found near Mélnik and at three plots in southern Moravia. The area near Mélnik
suffers from increased deposition rates of soil particles from local fields and coal ash from the disposal sites of the local coal-
fired power plant. A dominant effect of increased deposition loads of soil particles eroded from local soil covers can be con-
sidered in southern Moravia. More than 90 % of CZ moss contained low background La contents below 0.60 pg.g™.

Temporal and spatial trends 2000-2005

The patterns in the isopleth maps depicting the La content distribution in moss in 2000 and 2005 are very similar. Howe-
ver, the hot spot revealed in southern Moravia in 2000 diminished substantially in 2005. Lower contamination of moss by ero-
ded soil particles in agrarian southern Moravia due to the wet year 2005 is with high probability the reason for the decrease
in La content in moss. The intensity of small hot spots near Most and near Kadaii (UL region) strengthened slightly in 2005.
A slight increase in the background La content in moss was determined in southwestern Bohemia, and there was a slight de-
crease in western and northern Moravia. These changes may reflect the current background variability in the deposition ra-
tes of soil particles in CZ.

3.1.18 Li— Lithium

Current lithium content distribution

Lithium (Li) was accumulated by moss in amounts ranging between 0.14-2.33 pg.g! in 2005. At two individual plots, ne-
ar Most and near Znojmo, moss contained Li in concentrations above 1.30 pg.g™!. The area around Most is affected by extrac-
tion, transport and industrial combustion of brown coal. The area near Znojmo suffers from high deposition rates of soil par-
ticles eroded from local farmland. Increased accumulation of Li in moss was found in the UL, KV regions and in the western
part of SC. This phenomenon is caused by extraction and industrial combustion of brown coal. The increased Li accumulati-
on in moss near Olomouc reflects increased deposition rates of soil particles from local large fields, and near Frydek Mistek
it reflects increased deposition of industrial dust. In approximately 85 % of the CZ territory, the content of Li in moss did not
exceed the background level of 0.50 pg.g™.

Temporal and spatial trends 2000-2005

The current distribution of Li in moss does not differ markedly from the distribution of Li determined in the moss survey
in 2000. The only substantial change is a marked fall in the Li content in moss determined near Kyjov in 2005. The reason
obviously lies in diminished contamination of moss by eroded soil particles in this farmland area. A slight increase in the re-
gional background Li content in southwestern Bohemia and a decrease in northeastern Bohemia and northwestern Moravia
were found in 2005.

3.1.19 Mn — Manganese

Current manganese content distribution

The range of manganese (Mn) content in moss was 34—1813 pg.g! in 2005, which is comparable with the findings from the
previous moss survey (35-1850 pg.g!). Two individual plots of high contamination of moss found in the earlier survey near
Bohdane¢ and near Most were confirmed. At the sampling plot to the west of Bohdane¢, near Pardubice, moss had also accumu-
lated the highest amounts of Mn in 2000. The reason has not been clearly identified. Erosion and spreading of forest humus sa-
turated with Mn might explain this phenomenon. Water from springs rising at this monitoring plot may contain comparatively
high concentrations of Mn, and the local humus floor may have absorbed Mn in high amounts. However, no water and humus
samples from this plot have yet been analysed. The second plot, near Most, is affected by high deposition rates of industrial and
soil dust. An increased content of Mn in moss was also determined near Stiibro, near Beroun and near Pelhiimov. Increased de-
position of forest floor humus particles in these areas with high probability caused this increased Mn accumulation in moss. Ne-
ar Beroun, extraction and processing of limestone with precipitated Mn (for lime and cement production) may have contributed
to the increased Mn deposition. About 90 % of CZ moss contained background Mn levels not exceeding 700 pg.g™'.

Temporal and spatial trends 2000-2005

The sampling plots with high Mn accumulation in moss (Bohdane¢, Most, Kladno, Beroun and Stfibro) were located at
the same sites in 2000 and 2005. This may indicate the long-term operation of local natural and anthropogenic sources of Mn.
However, the plots of increased Mn accumulation in moss near Boskovice, near Tabor, near Vyssi Brod, near Zalesi and near
Bfeclav revealed in 2000 had disappeared or were substantially diminished in 2005. The operation of various climatic con-
ditions, e.g., wind intensity and precipitation sums can control the leaching and cycling of Mn in forest stands. The effect of
precipitation amounts on Mn content in moss in 2005 is discussed as an example in Chapter 3.5.2.
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3.1.20 Mo — Molybdenum

Current molybdenum content distribution

The current molybdenum (Mo) content in moss ranges between 0.076-0.490 pg.g™'. The Mo content in moss was relative-
ly very high at five sites in 2005. Near Rumburk and near D&Cin, in northwestern Bohemia, deposition of industrial dust from
several metallurgical works is a probable cause. However, the current sources of Mo emissions have not been investigated in
this area. Near Kladno and near Komarov in the SC region, metallurgical works producing heat resistant Mo-based steel have
emitted Mo. Current deposition of airborne Mo and deposition of eroded humus particles containing long-term accumulated
Mo have contaminated moss at the plots in this area. Mo emitted in a similar way, together with erosion and spreading of in-
dustrial particles and soil particles containing Mo near metallurgical centres in Frydek Mistek and in Ttinec in northeastern
Moravia, caused increased accumulation of Mo in moss in the OV region. Moss samples from plots located near Frydlant and
between Most and Kadari in northwestern Bohemia were exposed to increased Mo emissions from industrial combustion of
brown coal in local power plants. Moss also had a slightly increased Mo content at some individual plots elsewhere in CZ.
In about 70 % of the CZ territory, background levels of Mo not exceeding 0.20 ug.g"' were determined in moss.

Temporal and spatial trends 2000-2005

Similar patterns for the distribution of Mo content in moss in 2000 and 2005 can be seen in the respective isopleth maps.
However, the area and the intensity of these hot spots increased appreciably in the UL, LI, SC and PL regions in 2005. On
the other hand, the spots of increased Mo content determined in southern Moravia and northeastern Bohemia in 2000 had de-
creased distinctly in 2005. Surprisingly, a general increased Mo content in moss in western Bohemia and a general increase
in the territorial background Mo levels throughout CZ, with a significant increase in 5 regions (Table 21), was determined in
2005. The cause of this phenomenon is not quite clear. Increased steel production in CZ is a highly improbable cause. Either
some climatic effect that increased the spread of Mo-rich particles from industrial regions, or increased background deposi-
tion rates of Mo in Central Europe, can be speculated. The effects of selected explanatory factors on Mo content in moss are
discussed in Chapter 3.5.

3.1.21 N — Nitrogen

Current nitrogen content distribution

The current content of total nitrogen (N) in moss ranged between 6 769-22 970 pg.g™'. Hot spots of highly accumulated
amounts of N in moss were concentrated in highly industrialized parts of northwestern and northeastern Bohemia (between
Most and Louny, around Hradec Kralové, around Svitavy and around Ceska Tfebové) and in intensively farmed southern
Moravia (between Uhersky Brod, Hodonin and Pohofelice). Areas of increased N accumulation in moss were found in nor-
theastern Moravia (Frydek Mistek, Karvind), near Litoméfice in northwestern Bohemia, around Plzeii in southwestern Bohe-
mia and, surprisingly, in the wooded Jeseniky Mts in northwestern Moravia. There is a minor increase in N content in moss at
a few other sampling plots. Two crucial sources of available (reactive) N for moss can be considered. Firstly, industrial areas
with high density of industrial furnaces and high accumulation of car traffic, and, secondly, intensive agrarian areas affected
by erosion of soil covers rich in nitrogen, raised deposition of nitrogen compounds released from highly manured topsoils,
and concentrated animal production. Large areas with the lowest N content in moss were found in the KV and CB regions, in
southern parts of the PU and JI regions, and in the central part of the OL region.

Temporal and spatial trends 2000-2005

The inserted isopleth map of N content distribution in moss in 2005 shows a similar pattern to that in the respective isople-
th map for 2000 (Suchara et al. 2007a). The position of the hot spots was located at the same sites in these maps. However,
the total nitrogen content in moss collected in these hot spots was slightly lower in 2005. Larger areas of increased N content
in moss were found in similar parts of CZ in 2000 and 2005. A slight decrease in N content in moss, dropping to the territorial
background level, was currently determined in the southern part of the SC, PU and JI regions and in central parts of the OL
region. Independent measurements of wet deposition of reactive N also identified no unambiguous trends (http://www.chmi.
cz/uoco/isko/tab _roc/2005_enh/cze/index.html). It seems that a reduction in agricultural production in CZ is with high pro-
bability the reason for the decrease in N content in moss outside the industrial regions. Industrial areas and densely urbanised
areas with increasing road traffic intensity are affected by increased deposition loads of reactive nitrogen.

3.1.22 Nd — Neodymium

Figures for the distribution of neodymium (Nd) in moss in CZ are presented for the first time in this survey. We will begin
with a brief introduction and description of selected attributes of Nd.

Nd is a rare earth element naturally occurring in seven isotopes, of which % Nd is radioactive (half life 2.1x10'° years).
Several other isotopes, mainly radioactive, can be produced artificially. In nature, Nd is found scattered especially in igneous
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rock types. In higher concentrations it accompanies other rare earth elements in minerals such as monazite, bastnaesite, alli-
te and xenotime. On an average, the upper continental crust contains Nd in amounts reaching 27 mg.kg!. Very similar con-
tents of Nd are stated for European soils and stream sediments. For CZ, increased Nd values have been determined in flood-
plain sediments in the Bohemian Massif, in the Jizerské Mts and in the mountains along the CZ/Austria border (Salminen et
al. 2005). Nd has not been shown to be an essential element for any group of organisms.

Typical concentrations of Nd, like those for all rare elements, are stated to be: in grass < 1 mg.kg!, in plant roots <
0.2 mg.kg?, and in fruits <0.05 mg.kg'. In the metabolism of plants, Nd probably takes over some role of Ca during long-
term Ca-starvation of plants.

Nd is industrially used for dyeing glass, and in the production of optical appliances and lasers for medicine, special alloys
and very strong “neo” magnets (Nd,Fe B). Metallic Nd and its compounds can irritate eyes, skin and mucous membranes,
cause lung inflammation or even lung embolisms or liver damage. The toxicity of Nd has not been studied thoroughly. Like
most other rare earth elements, Nd is tentatively rated as moderately hazardous. However, caution in Nd use is highly recom-
mended. No major industrial pollution sources for Nd are anticipated in CZ.

Current neodymium content distribution

Four areas of high Nd accumulation in moss were revealed in CZ in 2005. The highest content of Nd in moss was found
near Most and near Kadar, in the brown coal basin in western Bohemia. These sites are affected by considerable soil and
industrial dustiness associated with extraction and transportation of coal, and with coal combustion in several local power
plants. The hot spot near Pohotelice in southern Moravia is caused by high deposition rates of soil particles eroded from lar-
ge plots of arable soil. The local bedrock types are Carpathian flysch sediments, which also contain other rare earth elements
in higher concentrations. The sampling plot near Pferov is also susceptible to soiling intensive deposition of eroded soil par-
ticles, because the plot is situated in a small wood banked by large fields. Similarly, the high Nd accumulation in moss near
Melnik and Litoméfice is caused by the spread of eroded soil particles and coal ash from the dumps of the local power plant.
The increased Nd content in moss at a few sampling plots elsewhere is associated with contamination of moss by eroded soil,
humus and litter particles, and with bio-turbation or activities of the forest floor. In about 80 % of the CZ territory, moss con-
tained territorial Nd background contents not exceeding 2 pg.g!. Large areas with the lowest Nd accumulation in moss were
found mainly in the HK, PU, JI, CB, PL and LI regions.

Temporal and spatial trends 2000-2005
We have no knowledge of trends in Nd content in moss in CZ, due to the absence of Nd determination in the previous CZ
MOss Surveys.

3.1.23 Ni— Nickel

Current nickel content distribution

The current bio-monitoring campaign found that the nickel (Ni) content in moss ranged between 0.524—4.94 pg.g!. The Ni
content in moss exceeded 4.5 pg.g™! at only one plot, near Dukovany, in 2005. The increased Ni contamination of moss should
not be associated with the operation of the nuclear power station nearby. This sampling plot is situated on Ni-rich serpentini-
te rock. Accidental contamination of moss plants can be caused by eroded rock, soil and humus particles or bio-turbation of
the forest floor. A moderately increased Ni content in moss was found in the brown coal basin in western Bohemia, near Pl-
zen, near Ostrava, near Vsetin, near Zlin and near Komarov. Metallurgical or engineering plants have operated at these sites.
Increased deposition loads of industrial dust emitted from industrial plants or eroded from dumps of slag, and eroded humus
particles saturated over a long period by industrial emissions, are responsible for increased Ni contents in moss. At the plot
near Marianské Lazné (monitoring plot 70-01), the effect of the Ni-rich serpentinite bedrock on Ni accumulation in moss was
manifested in 2005. Low Ni accumulation equivalent to the territorial background Ni content was found in southern Bohe-
mia, northeastern Bohemia and western Moravia.

Temporal and spatial trends 2000-2005

A comparison of the isopleth maps of Ni content distribution in moss in 2000 and 2005 showed a substantial decrease in
Ni accumulation in moss in 2005. The former hot spots in northwestern Bohemia and in southern and eastern Moravia have
weakened or disappeared. The former zones of increased Ni content in moss in western and northeastern Bohemia and in nor-
thern Moravia have been reduced or have disappeared. A significant decrease in N content in moss was also found for the LI
and HK regions (Table 21). The reason for this phenomenon should be sought in decreased soil dustiness (e.g. due to clima-
tic conditions), rather than in a reduction in the amounts of Ni emitted from industrial sources in CZ. The area of the zones
with the territorial background Ni content in moss has increased quite considerably throughout CZ. The effect of the bedrock
on Ni content in moss was observed at two monitoring plots in 2005 (not manifested in 2000). Significant effect was found
of basic and ultrabasic rock types at the sampling plots on the Ni content in the whole set of moss samples. For details, see
Chapter 3.5.4.
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3.1.24 Pb — Lead

Current lead content distribution

The lead (Pb) content in moss ranged between 1.31-63.1 pg.g’ in 2005. Only one area highly affected by Pb atmosphe-
ric deposition loads, located near Piibram, was currently bio-indicated in CZ. The operation of a secondary lead smelter ne-
ar Pfibram has been a crucial source of Pb in the area for a long time. Another area with increased Pb accumulation in moss
was found between Frydek Mistek, Karvina and Ttinec in northeastern Moravia. This area is influenced by Pb emissions from
non-ferrous metallurgical works and by lead battery production. A slightly increased Pb content in moss was determined at
several plots along the northern CZ state border. This may be due to the operation of remote metallurgical sources situated in
the industrial regions in southern Poland. Moss in the remaining approximately 95 % of the CZ territory contained only low
levels of Pb below 10 pg.g*, corresponding to the current territorial background content.

Temporal and spatial trends 2000-2005

The distribution patterns of Pb content in moss depicted in the isopleth maps for 2000 and 2005 are very similar. Slight-
ly increased Pb emissions near Pfibram were bio-indicated in 2005, probably due to increasing production at this smelter.
However, the content of Pb in moss decreased at all other sites in 2005. A significant decrease in Pb values between 2000 and
2005 was found in the moss samples from 5 administrative regions (Table 21). This situation may reflect a general fall in the
Central European background Pb deposition rates. A long-term decrease in Pb content in moss has been determined in the CZ
bio-monitoring campaigns since 1990.

3.1.25 Pr— Praseodymium

Current praseodymium content distribution

The content of praseodymium (Pr) in moss ranged between 0.034-0.418 ng.g!'. Four sites where the Pr content in moss
exceeded 0.25 pg.g! were found in CZ. The highest accumulation of Pr was found in moss in coal basins, especially near
Most and Kadar in western Bohemia. This area is affected by high levels of soil and industrial dustiness associated with ex-
traction of brown coal and industrial combustion of enormous amounts of coal in the local power plants. Deposition loads
of soil particles and coal ash are the main sources of Pr in moss in this area. Similarly high deposition rates of soil particles
eroded from large fields near Pohoielice and Pferov caused high Pr accumulation in moss at these sites. Near Mélnik and
near Litoméfice, the Pr content in moss is controlled by increased deposition rates of soil particles in intensively cultivated
land. Near M¢lnik, a coal-fired power plant is also in operation. In the remaining 90 % of the CZ territory, the Pr content
in moss did not exceed 0.12 pg.g!, which corresponds to the regional background levels. The current pattern of Pr distri-
bution in moss is very similar to the pattern for Nd and for other rare earth elements, indicating common emission sources,
spreading and deposition.

Temporal and spatial trends 2000-2005

A comparison of the results from the moss surveys in 2000 and 2005 showed similar patterns of Pr content distribution in
moss. However, a substantial decrease in Pr content in the former large hot spot in southern Moravia was determined in 2005.
Diminished accumulation of Pr in moss is associated with decreased deposition rates of soil particles due to lower wind ero-
sion intensity, and due to the fact that the moss samples were collected, where possible, at sites in larger groves in this area.
The slightly increased hot spots near Most and Kadaii in 2005 indicate raised deposition loads of dust particles due to local
climatic or anthropogenic effects. The background Pr concentrations increased slightly in western Bohemia and decreased in
western Moravia in 2005.

3.1.26 Rb — Rubidium

Current rubidium content distribution

The current content of rubidium (Rb) in moss was found to range between 2.95-101 pg.g'. An accumulation of Rb over
90 pg.g"' was found in moss samples from Marianské Lazné, Jevany, Nova Bystiice and Ri¢ky in the Orlické Mts. An incre-
ased Rb content in moss was also determined locally in all state border mountains in Bohemia (the Orlické Mts, the Krkono-
e Mts, the Jizerské Mts, the Krugné Mts, the Sumava Mts, the Novohradské Mts and the southern part of the Czech-Mora-
vian Highlands), and in the Kralicky Snéznik Mts and the Jeseniky Mts in northwestern Moravia. In the central part of CZ,
increased amounts of Rb were accumulated in moss near Sedlec-Pr¢ice and near Nové Mésto na Moraveé. The moss samples
probably acquired their high Rb content from Rb-rich granitic rock types. Similarly as in the case of caesium, cycling in fo-
rests accounts for how Rb makes its way into litter, humus and topsoil. Through erosion, bio-turbation and similar activities,
Rb enters clumps of moss plants. In about 75 % of the CZ territory, moss samples contained Rb at regional background le-
vels below 30 pg.g™.

41



Temporal and spatial trends 2000-2005

Moss samples with an Rb content above the background levels were collected at the same sampling plots in 2000 and
2005. However, the content of Rb (content classes) at some of these plots was somewhat different in 2000 and 2005. In all
plots, the content of Rb in moss decreased slightly. However, in the Krusné Mts and near Nové Mésto na Moravé the decrea-
se was sharp. The accumulation of Rb in moss at these plots may be controlled by current climatic conditions (precipitation,
wind speed). The distribution of the zones of background Rb content in moss was unchanged in 2005.

3.1.27 S — Sulphur

Current sulphur content distribution

The current content of total sulphur (S) in moss ranged between 756-1970 pg.g™'. A high content of total S was found in
moss collected near Most in western Bohemia, near Hodonin and Hrusovany nad JeniSovkou in southern Moravia, and ne-
ar Frydek Mistek. The areas near Most, near Hodonin and near Frydek Mistek are affected by combustion of coal in power
plants and in industrial furnaces (metallurgical and engineering industries). The area in southern Moravia suffers from high
deposition loads of soil particles eroded from local soils on sea sediments rich in sulphates. Increased S accumulation in
moss was found between Mélnik and Kladno, between Hradec Kralové and Pardubice, between Ostrava and Nydek, and
very locally at 3-5 other sites. Increased accumulation of S in moss is caused by the release of sulphur compounds from in-
dustrial furnaces (the local power plant, municipal waste incinerators, industrial furnaces), by increased atmospheric depo-
sition rates of industrial dust (aerosols of sulphates, ash and slag particles), and by soil particles eroded from soil covers on
sediments containing sulphates. The current territorial background S content below 1 300 pg.g' was found in 80 % of the
CZ territory.

Temporal and spatial trends 2000-2005

The relevant isopleth maps of S distribution in moss showed hot spots in the same position in 2005, but they were frequent-
ly of lower intensity than the hot spots in 2000. There is marked abatement of the former hot spots in southern Moravia, near
Zabteh in northern Moravia, and near Pardubice in northeastern Bohemia. This phenomenon can be explained by a decrease
in the deposition rates of eroded soil and industrially emitted sulphur compounds (locally reduced industrial production). On
the other hand, the increased S content in moss between Most, M¢lnik and Slany may indicate increased operation of power
plants, incinerators and other industrial furnaces in the local coal basin. A slight expansion of the area covered by moss wi-
th regional background S content under 1 200 pg.g"' was determined, mainly in the PU, OL, BN and ZL regions. This may
be explained either by the ongoing reduction in the amount of industrially combusted coal in the former industrial regions in
northeastern CZ and the adjacent Silesian regions, or by reduced soil erosion due to the wet year 2005.

3.1.28 Sb — Antimony

Current antimony content distribution

Moss accumulated antimony (Sb) in amounts ranging between 0.041-1.73 pg.g™' in 2005. One notable hot spot with a very
high Sb content in moss was identified near Pfibram in 2005. The Sb accumulated in the moss undoubtedly originates from
the emissions of the secondary lead smelter operating near Pfibram. An increased Sb content in moss was found between Pra-
gue and Rakovnik, in the Luzické Mts and in the Jizerské Mts, near Pfimda in southwestern Bohemia, near Nachod in nor-
thern Bohemia, and near Ostrava in northeastern Moravia. A small number of individual plots elsewhere showed a slightly
increased Sb content in moss in 2005. The bio-indicated increase in deposition loads of Sb may be associated with increasing
density of car and lorry transport in industrial centres, on highways and in Prague, increased operation of non-ferrous smel-
ters (Ostrava) or engineering works (Varnsdorf). In about 80 % of the CZ territory, the content of Sb in moss was at territo-
rial background levels below 0.20 pg.g™'.

Temporal and spatial trends 2000-2005

The main hot spot of Sb contamination near Pfibram was larger and more intensive in 2005, probably due to increased
production of the secondary lead smelter. Sites with increased accumulation of Sb and an expansion of the zones with an in-
creased Sb background content in moss were found in the LI, UL, KV, PL, SC, HK and OV regions. Increased traffic density
and increased production of non-ferrous works may be the crucial causes of this trend. Increased accumulation of Sb in moss
was found in western and northern parts of Bohemia and in the northern part of Moravia, while in southeastern Bohemia and
southern Moravia no raised background deposition level of Sb was bio-indicated. There was a significant short-term increa-
sing trend in the Sb content in moss in 8 regions (Table 21).
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3.1.29 Se — Selenium

Current selenium content distribution

The bio-monitoring survey found that the current selenium (Se) content in moss ranges between 0.08-1.51 pg.g'. The
highest accumulation of Se in moss was determined near Teplice and near Louny. The operation of several coal power plants
in the nearby coal basin, and the operation of local metallurgical and engineering works cause the high accumulation of Se
in these areas. Increased accumulation of Se in moss was found almost throughout the UL and LI regions and in parts of the
SC, OV and HK regions. Several other plots where increased Se accumulation in moss was determined may reflect acciden-
tal contamination of the moss in a forest stand. The territorial increase in the Se content in moss is caused by the operation of
coal power plants, metallurgical, glass and chemical works. However, approximately 80 % of the CZ territory is covered by
moss with a low territorial background Se content of about 0.2 pg.g™.

Temporal and spatial trends 2000-2005

The isopleth maps for the distribution of Se content in moss in 2000 and 2005 showed very similar patterns. A dominant
hot spot situated in the UL region reappeared at the same site, and was more intense in 2005. The increased current industri-
al emissions at Krupka are with high probability the cause of this phenomenon. The zone of increased accumulation of Se in
moss in the UL and LI regions became larger, and Se accumulation also increased locally near Louny, near Most, near Ka-
dan, near Novy Bor and near Harrachov. Increased production of local power pants, engineering and glass works or increased
erosion of industrial dumps could explain this phenomenon. On the other hand, the former zone of increased Se accumulati-
on in moss in the HK and PU regions decreased markedly. Reduced erosion of industrial waste dumps and reduced industri-
al dust deposits caused this improvement in northeastern Bohemia. In 2005, there was a reduction in the area of moss with
a low background Se content in southwestern Bohemia, and an increase in the area of moss with a low background Se con-
tent in northwestern Moravia. The changes in regional deposition loads may reflect an increase in Czech and foreign emissi-
on sources in western Bohemia and Saxony, and a reduction in Czech and foreign emission sources in northeastern Bohemia
and southern Poland. The decreased background accumulation of Se in moss in the BN region mainly reflects reduced erosi-
on of soil particles in the region in 2005.

3.1.30 Sn—Tin

Current tin content distribution

The tin (Sn) content in moss ranged between 0.095-1.70 pg.g!. The highest Sn content was found in the area around
a secondary lead smelter near Pfibram. Accumulation of Sn by moss above 0.50 pg.g"! was also found near Varnsdorf, near
Krupka and near Litvinov in northwestern Bohemia. The operation of foundry, textile, glass and ceramics works explains the
increased Sn accumulation in moss in these locations. An increased Sn content in moss was found along the Krusné Mts, Lu-
zické Mts and Jizerské Mts, in the Broumovska Highlands, near Ostrava, and near Pfimda in southwestern Bohemia. In spi-
te of the frequent natural occurrence of Sn-minerals in the Krusné Mts, the effect of natural sources of Sn is not considered
here, because no significant increase in Sn accumulation in moss was revealed in this mountain range in the previous moss
survey. However, the moss samples along the state border in northwestern CZ show proportionally similar contents of Se and
Sn, (and may be In), indicating long-term operation of joint Sn and Se pollution sources, e.g., near Teplice, near Novy Bor,
and near Tanvald, where there are metallurgical, engineering and glass industries. The operation of metallurgical works cau-
sed increased accumulation of Sn in the OV region. The area near Broumov in northeastern Bohemia suffers from increased
deposition rates of pollutants from a nearby coal power plant and industrial works in southern Poland. The cause of the in-
creased accumulation of Sn in moss near Pfimda is not known, and may reflect accidental contamination of the sampling plot
through bio-turbation of the forest floor, disposal of wastes, or some other cause. In about 90 % of the CZ territory, moss con-
tained low territorial background levels of Sn below 0.30 pg.g™.

Temporal and spatial trends 2000-2005

One crucial area of high Sn accumulation in moss, near Pfibram, was determined in CZ in 2000 and 20005. The double hot
spot (Pfibram, Hradek near Rokycany) in 2000 was replaced by a single hot spot caused by the operation of a secondary lead
smelter in Piibram in 2005. In contrast to 2000, there was an obvious increase in the area with higher accumulation of Sn in
moss in the mountain areas of the KV, UL, LI, and HK regions. The background Sn levels in moss in northern and western
Bohemia were also higher in 2005. The bio-indicated increase in Sn deposition rates is difficult to explain. Increased metal-
lurgical production in plants along the CZ/German state border, or higher intensity of wet deposition of Sn in 2005, are possi-
ble explanations. On the other hand, a slight decrease in Sn content in moss in 2005 was found in the PU and OV regions.
A decrease in metallurgical and engineering production may have caused this phenomenon. In about 60 % of the CZ territory,
mainly in southern and eastern Bohemia and in Moravia, no substantial change was determined in the Sn content in moss.
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3.1.31 Sr— Strontium

Current strontium content distribution

The strontium (Sr) content in moss ranged between 3.72-58.3 pg.g™! in 2005. Three sites in CZ showed high contamination
of moss by Sr, exceeding 30 pg.g': the areas near Most and Podbotany in western Bohemia and near HruSovany nad JeviSov-
kou in southern Moravia. A less intensive hot spot appeared near Méstec Kralové in 2005. No major industrial sources of Sr
are anticipated. High deposition loads of eroded rock or humus and soil particles are clearly a cause of high Sr accumulation
in moss. Larger areas of increased Sr content in moss were found near Frydek Mistek, near Uherské Hradi$té and near Zabieh
in Moravia. The raised Sr content in the moss samples can be explained by increased deposition loads of soil particles and
ground dust released by erosion or by anthropogenic soil activities (mining of raw materials, ploughing, and construction).
A few individual plots with an increased Sr content in moss, located elsewhere, indicated accidental soiling of moss stands ra-
ther than the effects of industrial activities. The moss samples from the UL, BN and ZL regions had the highest mean Sr con-
tents. In 75 % of the CZ territory, the Sr content in moss was at low territorial background levels below 12 pg.g™'.

Temporal and spatial trends 2000-2005

The patterns of the Sr contents in moss in the isopleth maps for 2000 and 2005 showed areas with the highest Sr accumu-
lation in moss in the same positions. The long-term effect of increased dustiness was found in the brown coal basin in wes-
tern Bohemia and in highly agricultural southern Moravia. In 2005, new spots of increased Sr content in moss were revealed
in northeastern Bohemia and in northern Moravia. A decrease in the background Sr content in moss in the central part of Mo-
ravia and a local increase in marginal parts of northeastern Moravia were determined in 2005. These fluctuations in the regi-
onal Sr content in moss, and mainly in the local Sr content, reflect the current deposition levels of soil and dust particles con-
trolled by local climatic conditions and human activities (land-use).

3.1.32 Th — Thorium

Current thorium content distribution

The current bio-monitoring campaign found a thorium (Th) content in moss ranging between 0.039-0.363 pg.g'. The
highest Th content was found in the following three areas of CZ: northwestern Bohemia, southern Moravia and central Mo-
ravia. Since no industrial sources of Th operate in CZ, the rate of Th accumulation in moss indicates the deposition levels of
soil and dust particles. High deposition loads were bio-indicated near Hustopece and near Pferov in highly agrarian parts of
Moravia. High deposition levels of soil dust can also be assumed in the brown coal basin near Most, and around the power
plant near M&Inik. The high accumulation of Th in moss near Usték may by caused by the spread of eroded humus particles
that are naturally rich in geogenic Th. A similar factor may operate near Harrachov, near Dacice, near Bechyn¢ and near Bilo-
vec, and at other individual plots scattered throughout CZ. A content of Th in moss above the territorial background level of
0.12 pg.g! was determined in about one quarter of the CZ territory. The UL, BN and ZL regions were most affected.

Temporal and spatial trends 2000-2005

In 2000, the largest Th hot spot was determined between Pierov and Mikulov, in southern Moravia. The marked abatement
of this hot spot reflects decreased soil particle deposition loads, due to decreased erosion in the wet year 2005. The abatement
may also be partly because the moss samples were collected at sites better protected by larger tree stands. The high Th con-
tent in moss identified at the sampling plot near Ttebi¢ in 2000 was not found in 2005, probably because in 2005 the moss
specimens on a syenite rock type were less contaminated by humus or by soil particles of the forest floor. A moderate streng-
thening of the hot spots in northwestern Bohemia in 2005 was probably due to increased anthropogenic ground activities and
wind erosion effects. For the same reason, increased background levels of Th were determined in western and southern Bo-
hemia in 2005. On the other hand, the zones of increased Th content in moss were diminished in northeastern Bohemia and
in central Moravia in 2005. The background content of Th was further reduced in northern and western Moravia. These flu-
ctuations are controlled by regional atmospheric deposition rates of soil and humus particles.

3.1.33 TI— Thallium

Current thallium content distribution

The thallium (T1) content in moss ranged between 0.011-0.495 pg.g'. At three sampling plots near Hiensko, near D¢-
¢in and near Teplice nad Metuji situated in sandstone massifs on the state border, moss accumulated a high Tl content above
0.25 pg.gl. The listed hot spots are not situated near any industrial sources of air pollution. High Tl accumulation in moss
may appear at sites where there are high TI concentrations in the bedrock. Due to element cycling, bio-turbation, the spread
of eroded litter and humus in forest moss, plants are contaminated in a similar way as in the case of Cs and Rb. An increased
Tl content in moss was found near Zlaté Hory, near Karvin, near Ceska Lipa, near Marianské Lazné, near Zelezna Ruda, ne-
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ar Jevany, near Zd’ar nad Sazavou in the Krkonose Mts, and at a few other individual sampling plots. At these plots, too, we
assume a geogenic origin, rather than an anthropogenic origin, of Tl in the moss. In approximately 90 % of the CZ territory
background levels of T1 were found in moss.

Temporal and spatial trends 2000-2005

The distribution patterns of the Tl content in moss were similar in 2000 and in 2005. The same sampling plots with the
highest T1 content in moss near Hfensko were determined again in 2005. A small new regional hot spot near Teplice nad Me-
tuji was revealed. There were more plots with an increased T1 content in 2005 than in 2000. New areas of increased Tl accu-
mulation were found in the KV, CB and JI regions. The cause of the variable Tl accumulation in moss is considered to be the
variable intensity of erosion and the spread of litter, humus and soil particles. For the same reason, the area of the zones with
background TI content in moss has decreased slightly in Bohemia, but has not changed significantly in Moravia. A significant
increase in Tl in moss in 2005 in comparison with 2000 was found only in the SC and KV regions (Table 21).

3.1.34 U - Uranium

Current uranium content distribution

The content of uranium (U) in moss ranged between 0.010-0.247 pg.g'in 2005. At five sites (near Kotenov, near Chomu-
tov, near Broumov, near Nova Bystfice and near Pohotelice) the U content in moss exceeded 0.12 pg.g'. Near Pohotelice and
near Chomutov, the sampling plots suffer from considerable deposition loads of soil or industrial dust particles. At the rema-
ining sites, there is a high content of U in the bedrock types, or uraninite deposits have been extracted. Around Ceska Lipa,
Roudnice nad Labem, Kladno, Ostrov, Veseli nad Luznici, Jemnice and Pierov, increased accumulation of U in moss was de-
termined in 2005. There was accidental contamination of moss through eroded rock, humus and soil particles at sites of natu-
rally enriched U, or contamination of plots by extremely high deposition rates of eroded soil particles (e.g., Pferov, southern
Moravia), or by ground particles in an industrial area (Kladno). In spite of the relatively very high U content in the rock types
and in their soil covers in CZ, the U content in moss was at background levels below 0.04 pg.g" in 75 % of the country.

Temporal and spatial trends 2000-2005

The largest spot of high U accumulation in moss was determined in southern Moravia in 2000 and again in 2005. This
long-term bio-indicated high U accumulation in moss is due to increased deposition rates of eroded soil particles released
from sediments of Carpathian flysch. The size and contamination level of this hot spot depends on factors controlling soil ero-
sion intensity in this area. The same is true when determining the other hot spots. Depending on this erosion, the moss sam-
ples do or do not contain increased amounts of U, even near former uranium pits. Locally increased deposition of soil partic-
les caused the appearance of U hot spots near Nova Bystfice, near Broumov, near Chomutov and near Jizerka, and enlarged
the zones of increased U accumulation in moss in northwestern and southern Bohemia. Decreased deposition loads of soil
particles reduced the extent of the hot spot in Moravia in 2005. However, only the decrease in U content in the moss samples
for the ZL region, and the increase in the KV region, were statistically significant (Table 21).

3.1.35 V- Vanadium

Current vanadium content distribution

The vanadium (V) content in moss ranged between 0.675-7.18 pg.g'. Three sites where moss accumulated high V con-
tents above 5 pg.g! were revealed: near Most, near Kadaii and near Mélnik, where local coal-fired power plants have opera-
ted. Sinking ash and soot particles are the main sources of V for moss at these sites. Increased accumulation of V in moss was
found around the hot spots in the UL region and in the western part of the SC region, around Hustopece in southern Moravia,
along the state border in the LI district, near Frydek Mistek, and near Pfibram. The area in southern Moravia is affected by
high deposition rates of eroded soil particles containing V. A part of the LI region suffers from the operation of a power plant
nearby, at Bogatynia in Poland. The areas around Frydek Mistek and Piibram are dominantly affected by the operation of lo-
cal metallurgical works. Zones of increased V accumulation in moss frame the hot spots, and appear independently along the
state border in northwestern Bohemia, near Pfibram, near Frydek Mistek, near Pferov and near Hustopece. These plots are af-
fected by the operation of coal power plants in the brown coal basin in CZ and Poland (Bogatynia), by the operation of metal-
lurgical works (Pfibram, Frydek Mistek), and by locally increased deposition loads of eroded soil particles (Pferov and sou-
thern Moravia). Territorial background V contents were found in moss in about 85 % of the CZ territory. A higher background
content of V was determined in western Bohemia and in northeastern Moravia than in the other parts of CZ.

Temporal and spatial trends 2000-2005
The same areas with the highest accumulation of V in moss (northwestern Bohemia and southern Moravia) were determi-
ned both in 2000 and in 2005. In 2005, slightly increased former hot spots were found in northwestern Bohemia, and slight-
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ly decreased former hot spots in southern Moravia. Increased intensity of coal-fired power plants in the Most coal basin and
decreased wind erosion of soil covers in southern Moravia may explain these phenomena. In comparison with 2000, the size
of the areas of increased V accumulation in moss grew in the UL and LI regions in 2005. On the other hand, the similar areas
of increased V accumulation shrank or disappeared in the PU, OV and ZL regions. The average V background level increased
in western Bohemia and decreased in eastern Moravia in 2005. Different intensity of wind erosion in the western and eastern
parts of CZ may explain this change in the current V distribution pattern.

3.1.36 Y- Yttrium

Current yttrium content distribution

The current yttrium (Y) content in moss ranged between 0.075-0.863 pg.g'. No significant industrial sources of Y ope-
rate in CZ. However, Y is a typical soil element present in ground dust. The highest content of Y in moss was found in the
brown coal basin in northwestern Bohemia. Two hot spots, near Most and near Kadan, were found in this area in 2005. The
high accumulation of Y in moss is caused by the high dustiness in this area, associated with extraction and transportation of
coal and coal combustion in the local coal power plants. Another marked hot spot of Y accumulation in moss was revealed
in southern Moravia. This area is dominantly affected by high deposition loads of eroded soil particles originating from the
local soil covers developed on Carpathian flysch. Less obvious hot spots were found near Prostéjov and near Mélnik. The
sampling plot near Prostéjov is affected by high deposition loads of soil particles at the sampling plot. Near Mélnik, dustine-
ss associated with the operation of the local power plant increases the Y content in moss. The small hot spot near Tanvald in
northern Bohemia is probably caused by accidental soiling of moss (e.g. bio-turbation of forest floor) rather than by deposi-
tion of dust generated in the local production of ceramics. The lowest background levels of Y in moss were found mainly in
the Czech-Moravian highlands.

Temporal and spatial trends 2000-2005

A comparison of the isopleth maps of the distribution of Y in moss in 2000 and 2005 showed that the hot spots in the coal
basin in northwestern Bohemia and near Mélnik became stronger in 2005, probably due to currently increased dustiness in
these areas. On the other hand, the intensity and the area of the former hot spot in southern Moravia was significantly smaller
in 2005, due to lower deposition levels of soil particles, mainly at the new sampling plots, which were better protected from
deposition of field dust. The former increased Y content in moss near Krnov disappeared in 2005, because less soiled moss
samples were collected at the sampling plot situated on a bare plot in the periphery of the town. The hot spot near Tanvald
was not revealed in 2000. This may indicate either one-shot contamination of moss in the forest, or a short-time effect of in-
creased soil dustiness in the area. The respective territorial background content of Y in moss increased in southwestern Bo-
hemia and decreased in the Czech-Moravian highlands in 2005, probably due to changes in the territorial atmospheric depo-
sition loads of ground dust. The current distribution of Y contents in moss and the changes during the 2000-2005 period are
similar to the distribution of the other typical lithophile elements (lanthanides).

3.1.37 Zn — Zinc

Current zinc content distribution

The current content of zinc (Zn) in moss ranged between 20.9-98.8 pg.g™!. Two areas of higher Zn accumulation were re-
vealed in CZ, in the brown coal basin near Most, and near Frydek Mistek. The Most area is most affected by the operation of
coal power plants, while the Frydek Mistek area is impacted by the operation of metallurgical plants. An increased Zn content
in moss was found in northeastern Moravia, near Rokycany and at about seven other individual plots. The operation of me-
tallurgical works caused an increased Zn content in moss near Rokycany and in northeastern Moravia. The raised Zn content
at the remaining plots is probably due to accidental pollution of the sampling plots by industrial or soil dust. Moss showed
increased or highly accumulated Zn above 50 pg.g'! in less than 10 % of the CZ territory.

Temporal and spatial trends 2000-2005

Similar patterns of Zn content distribution in moss were found in the isopleth maps for 2000 and 2005. Three crucial hot
spots of high Zn accumulation in moss revealed in 2000 (northwestern Bohemia, northeastern Moravia and Piibram) were
again found at the same sites in 2005. However, the intensity of the Zn accumulation in moss had decreased markedly, espe-
cially in the hot spot near Ptibram. This may be due to lower amounts of Zn processing in the current production of the smel-
ter. No substantial changes in the number and size of the plots of increased Zn content in moss were found in 2005. A clear
reduction in the background Zn content in eastern Moravia was observed in 2005. A general decrease in the deposition rates
of eroded soil and humus particles may explain this.
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3.2 Correlation in element composition

Many significant (p < 0.05) correlations in the element content were found in the moss samples.

The content of lanthanides correlated very tightly and positively (r > 0.90) with the content of some other lithophile ele-
ments, e.g., Ce, La, Nd, Pr, Th and Y. Most of the remaining lithophile elements (e.g., Al, Ce, U and V) correlated less tight-
ly (r=0.65-0.90).

Numerous correlations were found for contents of chalcophile elements, e.g., Ag, Bi, Cd, Fe, Hg, In, Mo, Pb, S, Sn, Tl, Zn.
The content of Fe, Ga, and V in moss correlated very tightly (r > 0.90).

Accumulations of Cs and Rb in moss were determined in similar ratios. In addition to the very tight correlations in Cs
and Rb content, less immediate correlations were found between Be, Se and Tl content, on the one hand, and Cs and Rb, on
the other. The content in moss of total nitrogen, a non-metallic element, correlated significantly and positively not only with
S but also with Ag, Cu, Mo, and U. The content of some elements correlated significantly only with a few other elements.
For example, Co in moss correlated only with Bi and Mo. The accumulation of Mn in moss frequently showed an opposite
tendency to that of many of the other elements. However, no significant correlation was found for Mn content with any oth-
er element.

Significant and negative correlations in element contents in moss were rare. In the correlation matrix, a negative corre-
lation was found for Cr and Sb content with Se content. Similarly, Ni content correlated negatively with Sb, Sn and T1 con-
tent.

The correlation analyses provided similar results to those obtained in the previous moss survey (e.g. Suchara et al. 2007b).
The tight positive correlations in element contents in the moss samples may indicate similar pollution sources of these ele-
ments, and similar ways in which they were spread, deposited and taken up by moss.

3. 3 Cluster analysis

The variability of element content in moss was also evaluated using the cluster analysis method. Pearson’s correlation co-
efficient values were used for rating similarities in element variability in the moss samples.

The resulting cluster analysis diagram is presented in Figure 2. In the diagram, the elements are divided into three main
clusters, according to variability in element content in moss. The first large cluster of mainly lithophile elements is divided
into three sub-clusters of elements. The lanthanides (La, Pr, Nd, Ce) showed the greatest similarity in their variability. The
other lithophile elements were gathered into another sub-cluster, consisting of two groups of elements: (U, Th, Y and Li) and
(V, Ga, Fe and Al). A small group comprising Ni and Cr is also included in this first cluster.

The second cluster consists of two sub-clusters. The first sub-cluster consists of a group of mainly chalcophile elements
that appear in polymetallic ores (Mo, Co, In, Pb, Bi, As and Ag) and a group containing Se, T1, Sn and Sb. The second sub-
cluster consists of four elements with a clearly different distribution than that of the other elements. Rb and Cs form a pair of
elements that appear in moss in a relatively stable content ratio. The other elements in this sub-cluster are Be and Mn, which
have a very specific distribution in moss.

The third cluster contains two sub-clusters. The first includes the typical biogenic elements, non-metallic S and N and me-
tallic Zn and Cu. The second sub-cluster is made up of miscellaneous elements, most of them highly toxic (Sr, Hg, Cd, Be).

The cluster analysis of element contents in moss survey 2000 (Suchara et al. 2007a: 98) also showed three main clusters.
The cluster of lithophile elements had a very similar composition in 2000 and 2005. The cluster of chalcophile elements con-
tained similar elements in 2000, but the group comprising Rb and Cs was also included in this cluster. The remaining ele-
ments were gathered in the third cluster in 2000. The elements that had a different cluster and sub-cluster rating in 2000 we-
re Mn, Ba, As and Zn. However, the fluctuations in the element variability rating in moss in 2000 and 2005 probably do not
reflect changes in the distribution of atmospheric deposition rates. More likely, they reflect changes in element accumulation
due to the operation of stand factors.

3.4 Factor analysis

The raw analytical results were also evaluated using factor analysis. The principal component extraction methods and the
varimax raw factor extraction method were used. A maximum of five factors could usefully be extracted. The following ele-
ments were markedly controlled (factor loadings > 0.700) by individual factors F1-F5:

F1: Al, Ce, Fe, Ga, La, Li, Nd, Pr, Th, U, V, Y (explained variability 10.6 %)
F2: Bi, In, Pb, Sb, Se, Sn, TI (explained variability 8.7 %)
F3: Cu, S, Zn (explained variability 6.1 %)
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F4: Be, Cs, Rb (explained variability 4.1 %)
F5: Ba, Cd, Sr, Hg (explained variability 3.7 %)

Factor F1 best explains the variability in lithophile element content in moss. F1 seems to represent increased erosion and
deposition rates of soil particles. These elements are also included in the cluster on the left-hand side of the cluster diagram
in Figure 2.

Factor F2 controls the variability of mainly chalcophile elements. This factor represents the operation of non-ferrous me-
tallurgical industries and the deposition conditions of their emissions in CZ. The elements whose content in moss is control-
led by this factor are included in the cluster on the right-hand side of the cluster diagram in Figure 2.

Factor F3 explains the variability of biogenic elements. This factor represents not only the emission-deposition condition
of these elements but also control of their accumulated levels by moss.

Factor F4 probably represents the distribution of geological anomalies of these elements, and the intensity with which they
are taken up from the bedrock and from subsoils by trees, and the cycling intensity of these elements in forest ecosystems.

Factor F5 is difficult to identify, because it represents the distribution of Cd emitted mainly from non-ferrous metallurgi-
cal sources, Hg released mainly from incinerators and chemical works, while Ba and Sr are typical soil elements. The simi-
larity in content variability that joins these elements is accidental, and there is probably not any common factor that controls
their content in moss.

A comparison with the results of the factor analysis in moss survey 2000 shows that factor F1 controlled the distribution of
the same elements in moss in 2005 and 2000. Factor F2 also operated in 2000, but it substantially controlled only 3 elements
(Pb, Sb, Sn). Factor F3 was also identified in 2000 (when it was marked as F5). However, F3 did not control the variability
of Zn in 2000. Similarly, factor F4 explained the marked variability in Cs and Rb content in moss, but in 2000 it did not ex-
plain Be variability. Factor F5 seems to be a new factor for 2005, because the similar factor F3 extracted in 2000 markedly
controlled only Cd and Zn content in moss.

Factors F1, F3 and F4, identified in 2005, also operated in a very similar way in CZ in 2000.

Tree Diagram for 37 Variables
Ward's method, 1-Pearson r

Linkage Distance
AN

[ Fe e = LH#HTEﬁ

NN La Nd U Y V Fe Zn N Sr Cd Mn Cs Se Sn Mo h Bi
Cr Pr Ce Th LiGaAISCquBaRbBeTISbConAs

Figure 2 Result of the cluster analysis.
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3.5 Effects of landscape factors

We tested the effects on element distribution in moss of altitude, bedrock types and the geomorphology of the moss sam-
pling plots, land use (portion of forests, arable soil, urbanised area) in a 5-km radius around the sampling plots, and the total
annual precipitation in the area. Similarly as in the previous CZ moss survey (Sucharova and Suchara 2004a: 61-66; Suchara
etal. 2007a: 103—107), no substantial effect of geomorphology and geology on the distribution of elements in moss was found
in 2005. Nevertheless, the accumulated amounts of many elements in moss correlated significantly with the elevation of the
sampling plots, with total annual precipitation, and with the proportion of forests, arable soil and urbanised areas in 2005.

3.5.1 Elevation

The accumulation of 21 of the elements in moss decreased significantly with elevation (Table 19). However, the partial co-
rrelation coefficients were very weak (r = 0.12-0.34). Decreased element content in moss indicated lower atmospheric de-
position levels of the elements. This may, for example, be due to the decreasing content of sedimenting particles at high ele-
vations, or decreasing settlement density and anthropogenic pollution sources at higher elevations.

Only Ag, Cs, Rb, Sn and Tl content in moss correlated positively with elevation in 2005. One explanation may be the
occurrence of rock types rich in these elements in mountains. Contamination of moss may be due to erosion of rock, cycling
of elements in the forest, or bio-turbation of the forest floor. The content of nine elements in moss did not correlate signifi-
cantly with elevation in 2005.

With the exception of a few elements, e.g. silver and indium, the same types of correlations were found between element
content in moss and elevation in 2000 and 2005. This indicates a relatively stable effect of elevation on accumulation of ele-
ments in moss in CZ.

3.5.2 Precipitation

The moss samples were exposed to the total precipitation amounts in 2003—2004 and in more than one half of 2005. The
long-term annual average precipitation for CZ (“normal”) is about 674 mm. The total annual precipitation amounts in 2003,
2004 and 2005 were 516, 680 and 732 mm, respectively. However, in each year, mainly in 2003 and 2004, there was a mar-
ked dry period in the vegetation period.

The mean annual precipitation amounts for the sampling plots in 2003, 2004 and 2005 were 304, 376 and 470 mm, re-
spectively. The annual precipitation amounts correlated significantly and positively with the elevation of the sampling plots
(r=0.51-0.78; p = 0.00001-0.006). Surprisingly, the correlations between element content in moss and annual precipitation
in 2003, 2004 and 2005 and 2004-2005 and 2003—-2005 were very similar.

The correlations for element content in moss and the total annual precipitation 2003—2005 are presented in Table 19. The
figures show a distinct tendency for moss to accumulate smaller amounts of elements with increasing total precipitation en-
countered by the moss segments during their lifetime increases. The content of 22 elements in moss decreased significantly
with increasing total precipitation 2003—-2005. We may surmise, for example, that increasing precipitation can wash out dust
deposits from the surface of the moss, or extract elements more effectively from the moss tissue. The content of several ele-
ments in moss (Ag, Ba, Cd, Cs, Pb, Rb, Tl and Zn) increased significantly with exposition of moss plants to greater amounts
of precipitation. We can consider, for example, that increasing wet deposition supplies higher amounts of these elements to
the moss.

There is a distinct change in the precipitation effect in 2005 in comparison with 2000. There is a clear increase in ele-
ment contents that correlate negatively and significantly with increasing precipitation. It is difficult to identify the reason. For
example, elements may have been intensively extracted from moss plants in the relatively wet year 2005, after the extremely
dry year 2003 and the dry year 2004.When the element contents in moss were correlated with the annual precipitation in ex-
tremely dry year 2003 and in relatively wet 2005, much more significant negative correlations were observed for 2003. The
effect of precipitation on element content in moss needs to be studied in greater detail.
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. Precipitation . Precipitation

Elevation Elevation
Element 2003-2005 Element 2003-2005
r, P r, p r, p r P
Ag 0.31* <0.001 0,38%* <0.001 Mo -0.05 0.385 -0.04 0.511
Al -0.22% 0.0002 -0.27* <0.001 N -0.30* <0.001 -0.19* 0.002
As -0.13 0.026 -0.22%* 0.002 Nd -0.26* <0.001 -0.30* <0.001
Ba 0.10 0.093 0.25% <0.001 Ni -0.20* 0.0009 -0.17* 0.005
Be -0.15% 0.014 -0.1%* 0.013 Pb 0.11 0.071 0.26* <0.001
Bi 0.07 0.223 -0.18* 0.003 Pr -0.25* <0.001 -0.30%* <0.001
Cd 0.11 0.077 0.31%* <0.001 Rb 0.50%* <0.001 0.47* <0.001
Ce -0.25% <0.001 -0.30* <0.001 S -0.34* <0.001 -0.25%* <0.001
Co -0.28%* <0.001 -0.31* <0.001 Sb 0.08 0.209 -0.01 0.844
Cr -0.28%* <0.001 -0.13* 0.027 Se 0.02 0.719 0.06 0.333
Cs 0.39%* <0.001 0.39%* <0.001 Sn 0.14%* 0.021 0.08 0.202
Cu -0.27* <0.001 -0.13* 0.031 Sr -0.17* 0.006 -0.19%* 0.002
Fe -0.24%* <0.001 -0.12* 0.041 Th -0.26* <0.001 -0.25% <0.001
Ga -0.20%* 0.0009 -0.23* 0.0001 Tl 0.25% 0.0002 0.27* <0.001
Hg -0.12* 0.045 -0.14* 0.018 U -0.06 0.330 -0.08 0.168
In 0.03 0.650 0.05 0.438 \% -0.13* <0.001 -0.18%* 0.003
La -0.23* 0.0001 -0.29* <0.001 Y -0.24* <0.001 -0.27* <0.001
Li -0.23* 0.0001 -0.29* <0.001 Zn -0.12* 0.045 0.12%* 0.039
Mn -0.09 0.128 -0.22% 0.0003

Table 19 - Correlation of element content in moss with elevation and total precipitation 2003—2005 for the sampling plots,
(rp = partial correlation coefficient, p = significance level).

3.5.3 Effects of wooded and urbanised landscapes

The effects of the wooded and urbanised proportion of the landscape within a 5-km radius of the sampling plots were de-
termined, using the same categories as in the previous CZ moss survey (Sucharova and Suchara 2004a: 64—66, Suchara et al.
2007a: 106—-107). Four classes of 25 % intervals were used, expressing the proportion of the surroundings of the sampling
plots covered by woods. The effect of urbanised surroundings of the sampling plots was evaluated using two alternative class-
es. The “urbanised” class included all cases where the proportion of urbanised area (both village and town types of urbanisa-
tion) exceeded 30 % of the delimited area around the sampling plots. Cases where the proportion of urbanised plots was less
than 30 % were included in the “non-urbanised” class.

In accordance with the findings of the previous moss survey, the content of many elements in moss often correlated sig-
nificantly (p < 0.05), and most frequently correlated negatively, with increasing wooded area around the sampling plots. Sig-
nificant and negative correlations were found for the content of the following elements in moss: Al, Ce, Co, Cu, Fe, Ga, La,
Li, N, Nd, Pr, S, Sr, Th, U and Y. The typical values of the correlation coefficients were very small, and ranged between
-1, =0.20-0.30. Most of these are lithophile elements. The correlations indicate a protective effect of forest stands against ero-
sion of the ground (soil covers) in the surroundings of the sampling plot and a filtering effect of woods, impeding the pene-
tration of eroded ground particles into the forest interior. A significant and positive correlation of the element content in moss
with increasing forest area in the landscape was frequently found for chalcophile elements Ag, Cd, Cs, Pb, Rb, Sn and T1. The
correlation coefficients were very small (rp =0.14-0.29), except in the case of Ag, Cs and Rb (rp =0.32-0.42). The mecha-
nism by which major forest stands increase the accumulation of these elements in moss in moss is not clear. Trees may re-
ceive these elements from the bedrock and release them in element cycling in the forest ecosystem. The results obtained for
the effect of a wooded landscape on element accumulation in moss are very close to the findings from CZ moss survey 2000.
However, in 2000, the Ag, Ce, Cs, Pr, Sn, Th and TI content in moss did not correlate with forest density in landscape, while
content of Ba and In did correlate.

The effect of urbanisation of at least 30 % of the landscape in the surroundings of the sampling plots reflects the impacts
of larger urban type urbanisation, because the proportion of urbanisation in villages did not exceed 30 % of the area around
the sampling plots. The results of the correlation analysis showed a tendency for all elements to be accumulated in increased
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amounts in moss in an urbanised environment. A significant (p < 0.05) and positive correlation of element content in moss
with an urbanised landscape was found for the following elements: Ag. Bi, Cd, Cr, Cu, Fe, Hg, Mo, Ni, Se, and Zn. The co-
rrelation coefficients were in the range r = 0.15-0.32. In the previous CZ moss survey, a significant urbanisation effect was
found for Ag, As, Bi, Cd, Cr, Cu, Fe, Mo, Pb and Zn content in moss. The spread of particles of urban origin (industrial and
domestic combustion of fuels, operation of incinerators, metallurgical and engineering plants, and traffic) in the surroundings
of urbanised plots is the main source of these elements in moss.

3.5.4 Effects of other factors

The effects of geomorphology and geology on element accumulation in moss were tested in the previous CZ moss sur-
veys. However, only a few, probably accidental correlations were found. An evaluation of the current analytical results is li-
kely to lead to similar results. However, only an evaluation of the effects of bedrock types had been completed when this re-
port was being prepared.

The bedrock types of the moss sampling plots were gathered into six classes, according to potentially similar chemical pro-
perties: 1. Poor silitic types, II. Calcareous types, III. Coloured sedimented types, I'V. Poor igneous granitoid types, V. Medi-
um rich igneous types, and VI. Rich basic and ultrabasic igneous types. For further details, see Sucharova and Suchara 2004a
and Suchara et al. 2007a.

An evaluation of the current moss analytical results showed the following significant (p < 0.05) and positive correlation of
element content in moss with one of the given rock type classes (Geol I-VI):

Geol I: Cu, N, S, Tl

Geol II: Cu, N, S

Geol III: Ag, N, Tl

Geol IV: Rb

Geol V: Ag, Bi, Tl

Geol VI: Bi, Cu, Hg, Ni, S, Se, Sr and V.

The correlation coefficients were very weak, in the range of r= 0.13-0.32. Typical values were about r= 0.17.

The element content of only a few elements in moss (Bi, Sb, Se, Tl) correlated significantly with some classes of bedrock
types in 2000. In the 2005 moss survey, an increased number of significant correlations were determined. An increased ef-
fect of bedrock types on element content in moss is undesirable, because it makes it more difficult to evaluate the real effect
of atmospheric deposition loads from industrial sources of air pollution. Wind erosion may have spread eroded ground par-
ticles over a larger area, and may have contaminated the sampling plots with certain elements during the extremely dry year
2003 and dry year 2004. The effect of rock types poor in nutrient contents on raised nitrogen content in moss is noteworthy.
The contents of Cu, N and S in moss significantly affected by Geol I and II bedrock type classes were often found to be very
tightly correlated with each other in all CZ moss surveys 1995-2005.

3.6 Trends in element contents

3.6.1 Element contents in 2005 vs. 2000

The mean element contents in moss in 2005 were compared with the contents from 2000. The data sets for all moss sam-
ples analysed in 2005 (n = 280-282) and in 2000 (n = 249-250) and also the data for samples collected in 2005 and 2000 at
the same and unchanged sampling plots (n = 242) were evaluated. These two evaluations gave nearly the same results.

In comparison with the moss analytical data from 2000, a lower mean content of 21 elements in moss was determined in
2005. However, this decrease was significant only for ten elements (Co, Cr, Cu, Ga, Mn, N, Ni, Pb, Rb and S). The greatest
decrease was found for Cr (-39 %) and Ni (-26 %), elements contained in emissions from metallurgical works and in soil dust.
The diminished contents of Cu, Ni, Pb, S and N in moss may indicate a continuing reduction in the output of non-ferrous me-
tallurgical plants, a reduction in industrially combusted coal, and a decline in farming intensity in CZ between 2000-2005.
The decreased Co, Cr, Ga, Mn and Rb content in moss may indicate locally lower effects of eroded humus, soil and ground
particles, mainly in the relatively wet year 2005, rather than decreased metal emissions in comparison to 2000.

In comparison with 2000, an increased content of 14 elements in moss was found in 2005 in CZ. However, a statistically
significant increase was determined only for Bi, Mo, Sb, Sn and T1 content. These elements are used in the metallurgical and
glass/ceramic industries, and they may also appear in soil and humus at sites where these elements are geogenically accumu-
lated. It is difficult to decide whether increased accumulation of these elements was caused by raised anthropogenic effects
or by geogenic effects. The next moss survey will help to resolve this issue.

Table 20 provides data on absolute and relative changes in mean element contents in moss in 2000 and 2005 throughout
the CZ territory.
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Element pg.g?! % Element pe.g?! % Element peg.g! %
Ag 0.002 5.9 Ga -0.017* 217 S -52.0%* -4.3
Al -25 -4.4 Hg -0.003 -5.9 Sb 0.051* 19.2
As 0.021 6.6 In +0.000 +0.0 Se 0.006 2.3
Ba -1.0 -4.7 La 0.006 1.5 Sn 0.047* 2.3
Be -0.001 3.2 Li 0.028 8.0 Sr -0.390 -4.0
Bi 0.008* 27.5 Mn -104%* -20.0 Th -0.003 2.8
Cd 0.002 0.7 Mo 0.030* 18.5 Tl 0.009* 18.4
Ce 0.027 3.4 N -804* -6.5 U -0.002 -5.6
Co -0.038* -10.9 Nd n.a n.a. \% -0.060 -3.6
Cr -0.820% -38.9 Ni -0.550%* -26.3 Y -0.010 -4.8
Cs -0.017 -3.6 Pb -0.710%* -10.6 Zn -2.20 -5.6
Cu -1.22% -18.4 Pr 0.001 1.1
Fe 7.0 1.5 Rb -4.70%* -18.1

Table 20 Changes in absolute (ug.g-1) and relative (%) mean element content in moss in 2005, in comparison with 2000
(100 %). * - difference is significant at least at the level p = 0.05, n.a. — not applicable.

The differences in the regional mean content of elements in moss in 2000 and 2005 were tested in order to find regional
changes in element contents in moss. The results of this statistical evaluation are given in Table 21. To simplify this table, on-
ly statistically significant increases or decreases in a given element content are marked by triangles. Most cases of significant
increases in element contents in moss were found in the KV, PL, JI and LI regions. On the other hand, most cases of signifi-
cant decreases in element contents in moss were determined in moss samples collected in the PU, JI, SC and OL regions. The
smallest changes in mean element contents in moss were found in the CB and BN regions. Potential causes of an increased or
decreased content of given elements are briefly stated in chapters 3.1-3.37, which comment on the current element contents
in moss and their trends in 2000-2005.

Table 21 shows that a significant reduction in Co, Cr, Cu and Ni content in moss was found in many regions. On the other
hand, most regions showed a significant increase in Bi, Sb and Sn content in 2005 in comparison with 2000. No significant
regional change in element content in moss was determined for Ba, Rb and Sr, and there was a significantly changed Ag, Cd,
Cs and Zn content only in one region.

For some purposes, it is desirable to have an estimate of the values of the absolute atmospheric deposition rates of given
elements (ug.m™2.year') corresponding to the element contents in moss (ug.g") or the bio-indicated changes in the absolu-
te deposition rates of elements over a given period. In the previous CZ moss survey (Sucharova and Suchara 2004a: 70; Su-
chara et al. 2007a: 108), coefficients were presented for an estimation of the absolute deposition rates for most of the investi-
gated elements, using the following formula: D . = C  x K , where D , is the atmospheric deposition rate of a given element
(ug.m?.year'), C_ is the element content in moss (ug.g") or the change in the element content in moss over a given time pe-
riod, and K, is a coefficient that includes the fraction of element uptake efficiency for a given element, a given moss species
and annual moss production. The coefficients stated in the previous CZ moss reports were related to the production (dry mat-
ter) of moss Pleurozium schreberi, which was found to be about 110 g.m'.year" for dry and warm regions in southern Mora-
via, and about 130 g.m".year" for other parts of CZ in the past moss campaigns. Moss production was not determined in the
current moss campaign in CZ. Unfortunately, due to the extremely dry vegetative period in 2003 and the dry vegetative pe-
riod in 2004, no reliable figures for moss production in 2005 are available. For this reason, there are no relevant estimates in
this report of the current values of the absolute deposition loads and the bio-indicated changes in these values.
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é Administrative regions

g SC CB PL BN JI ov UL OL HK PU ZL KV LI
Ag A

Al v A v v A v A

As v A v v A A
Ba

Be v

Bi A A A A A
Cd v

Ce A v A v A

Co v v v

Cr v v v v v v v v v v v

Cs v

Cu v v v v v v v v v A
Fe v A v A v A

Ga A v v AV v v

He | Vv v v

In A A A
La v A v A

Li A A v A A
Mn v v v
Mo v A A A A A
N v v

Ni v v v v v v v

Pb v v v v v

Pr A A v A A
Rb

S v

Sb A A A A A A A A
Se A v A

Sn A A A A A
Sr

Th A A A

Tl A A

U v A

\Y% v A v AV v v v A

Y A v v AV A

Zn v

Table 21 - Significant changes (V - decrease and A - increase) in element content in moss for the administrative regions of
CZ in 2005 against 2000. Significance level p < 0.05. A blank space indicates that no significant change was found.

3.6.2 Long-term trends

The regular CZ bio-monitoring programmes have used different numbers of sampling plots, different moss species ha-
ve sometimes been available for sampling, and the analytical instruments and the elements determined in the individual bio-
monitoring campaigns have differed. This leads to some difficulties when attempting to evaluate the trends in element con-
tent in moss.
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A comparison of the analytical results for moss samples collected at 20 sites in the first CZ moss survey and again in the
second CZ moss survey showed a significant decrease in all investigated elements in the western part of CZ (Bohemia).
A considerable and highly significant decrease (by 50—77 %) was found in As, Fe, Ni and V, and a smaller decrease (16-50 %)
in Cd, Cr, Cu, Pb and Zn contents in moss between 1991-1995 (Sucharova and Suchara 1998a: 109; 1998b). The greatest
reduction in atmospheric deposition rates of 13 investigated elements between 1991-1995 was bio-indicated in the following
current regions and former districts: SC (Kladno district), PL (Rokycany district, Plzeti North), UL (Chomutov and Most dist-
ricts) and LI (Liberec and Jablonec nad Nisou districts). However, the evaluation of trends in element content in moss was
incomplete and the available analytical data was representative only for Bohemia, and not for the whole CZ. After the poli-
tical and economic changes in CZ, mainly the big metallurgical and engineering works concentrated in the present SC, PL,
UL, LI and HK administrative regions in Bohemia were closed down in 1990, or their production was reduced. The substan-
tial decrease in element content in moss, especially As and S in 1995, reflected the huge reduction in industrially combusted
brown coal that was rich in arsenopyrite. Similar effects were observed in Saxony, a part of former Eastern Germany that
neighbours with CZ. In Moravia, mainly in the OV region, the metallurgical industry was restructured much more slowly.
In Polish Silesia and in western Slovakia, the metallurgical and engineering industries were cut back much more slowly than
in CZ. Overall, the territorial background atmospheric deposition loads of sulphur and heavy metals in Central Europe were
considerably reduced in the period between 1990-1995.

The CZ moss survey in 2000 provided reliable data on changes in element contents in moss between 1995-2000 for the
whole country. A comparison of the element contents in moss collected at 196 sampling plots all over CZ in 1995 and again
in 2000 showed a significant decrease in Al, As, Cd, Co, Cu, Hg, Ni, Pb, S, V, and Zn content by 9-55 % in 2000 (Sucharova
and Suchara 2004a: 72—74). The strong decrease mainly in As, Pb, V, Hg and S content in moss by 23—55 % in 2000 reflected
the reduction in industrially combusted coal, desulphurization of coal power plants (1994—-1998), and decreased amounts of
Pb compounds in leaded petrol in CZ. A substantially reduced content of 13 obligatorily determined elements was observed
throughout the whole country. There were diminished hot spots in the present regions UL (Most, Chomutov, Usti nad Labem,
Décin districts), PL (Rokycany district), SC (Slany, Ptibram and Kladno districts), LI (Liberec district), PU (Pardubice dis-
trict), OV (Ostrava, Karvina, Novy Ji¢in and Frydek Mistek districts) and ZL (Zlin district). Moss collected in the CZ part of
the former heavily contaminated so-called “Black Triangle I’ area showed significantly decreased element contents in 2000,
and the former large and compact hot spot near Most had disappeared, except for 1-2 small spots. A significant reduction in
metal accumulation in moss in 2000 was found in OV. However, the so-called “Black Triangle II”” area (OV region) did not
show such a big improvement in deposition rates of metals as the “Black Triangle I’ area (UL region). In most of the areas
away from the hot spots, there was a less striking but conclusive decline in the content of the investigated elements in moss.
The bio-indicated reduction in the deposition rates of metals between 1995-2000 was caused by a ban on the distribution of
leaded petrol (2000), the introduction of new environment-friendly technologies, and the closure of many industrial plants.
On the other hand, an enormous increase in road transport was taking place.

The current CZ moss survey 2005 has shown (Table 20) an ongoing reduction in the accumulation of elements in moss in
the period 2000-2005. Among the obligatorily investigated elements, significant decreases in Co, Cr, Cu, Ni, Pb and Zn con-
tent in moss by 5-35 % were determined for this period. The introduction of sophisticated technologies in industrial works,
changes in production programmes, the introduction of emission limits, the closure of some plants, clear air acts and obligato-
ry EIA evaluations have contributed to the reduction in deposition rates bio-indicated in moss survey 2005. Significant chan-
ges determined in element content in moss in individual regions are presented in Table 21. However, the reduction in element
content in moss diminishes as the national air quality remedy approaches its limit. The formerly dominant effect of local in-
dustrial sources has been fading, and the effects of natural sources of the investigated elements have started to exercise sig-
nificant control over element content in moss in CZ.

Table 22 provides a survey of trends in long-term element contents in moss in CZ for the period from 1991-2005. An on-
going decrease in Cd, Hg, Ni, S and V content in moss is evident. For example, the current Pb and S content in moss com-
prises only 31 % and 15 % of the respective values determined in 1991. However, the rate of decrease in element content in
moss is slowing down, and in the case of As, Se, and V the decrease may now have come to an end. The accumulation of the
other obligatorily investigated elements also shows a decrease, though for some individual moss surveys the average con-
centration in moss has increased (Cd, Cr, Co, Fe, Zn). Besides industrial pollution, other sources of these elements may con-
trol the element content in moss, for example, eroded soil covers and factors controlling their release and spread. Where the
power of industrial pollution sources is small, the fluctuations in the element content in moss may not reflect changes in the
distribution of pollution sources but, rather, changes in land use and in the operating climatic conditions. This is the case, for
example, for Al, Cr, Fe and some of the optionally determined elements (e.g., Ce, rare earth elements, and U), which have no
substantial industrial sources of pollution in CZ. The operation of natural geogenic sources of elements and the factors con-
trolling their release and distribution in landscape need to be more intensively investigated.

The basic statistics of the CZ moss analytical results and regional data sets were published in the individual CZ moss sur-
veys (Sucharova and Suchara 1998, 2004a; Suchara et al. 2007a). These reports also provide classed dot maps and isopleth
maps of element distribution in moss in CZ, which can be used for the purposes of comparison.
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As Cd Cr Cu Fe Hg Ni Pb S Se A\ Zn
1991/1992
n 33 33 33 33 33 n.a. 33 33 n.a. 33 33 33
Min 0.4 0.2 0.8 5.2 206 n.a. 1.3 9.6 n.a. 0.1 1.8 31
Max 13.7 0.84 7.2 15.6 2061 n.a. 7.2 60.1 n.a. 1.3 19.0 132
Mean 2.32 0.36 2.26 6.74 808.4 n.a. 3.6 19.6 n.a. 0,5 59 53.4
S.D. 242 0.133 1.408 2.346 | 411.8 n.a. 1.34 11.30 n.a. 0.27 3.35 22.63
Median 1.7 0.32 1.9 8.4 747 n.a. 3.4 16.6 n.a. 0.4 5.4 455
1995/1996
n 196 196 196 196 196 196 196 196 196 n.a. 196 196
Min 0.15 0.15 0.59 3.5 135 0.028 0.8 4.1 1048 n.a. 0.6 25
Max 2.8 2.6 29.3 18.4 5904 0.177 15.6 173.6 2628 n.a. 7.8 520
Mean 0.6 0.39 1.94 7.6 531 0.072 2.4 15.4 1594 n.a. 2.4 56.0
S.D. 0.469 0.323 2.44 227 5743 0.017 1.47 18.40 | 3135 n.a. 1.39 56.9
Median 0.5 0.31 1.39 7.2 400 0.064 1.9 11.0 1554 n.a. 2.0 41.9
2000/2001
n 250 250 250 250 250 249 250 250 250 250 250 250
Min 0.075 0.090 0.383 3.685 | 176 0.020 0.556 1.81 766 0.104 0.574 19.4
Max 1.40 2.24 7.66 11.7 1859 0.105 10.3 48.2 2035 1.04 5.86 149
Mean 0.317 0.285 2.11 6.62 467 0.051 2.09 6.72 | 1209 0.266 1.66 39.0
S.D. 0.158 0.207 1.20 1.64 256 0.015 1.03 482 | 215 0.115 0.685 16.5
Median 0.289 0.013 0.076 6.525 | 401 0.048 1.95 5.66 | 1182 0.241 1.52 35.0
2005/2006
n 280 280 280 280 280 282 280 280 280 280 280 280
Min 0.10 0.11 0.51 3.29 187 0.022 0.52 232 | 756 0.083 0.68 0.041
Max 1.82 1.75 4.54 10.5 2570 0.148 4.94 63.0 1970 1.51 7.18 1.73
Mean 0.338 0.287 1.29 5.40 474 0.048 1.54 6.01 | 1157 0.272 1.60 36.8
S.D. 0.191 0.188 0.552 1.157 | 256 0.013 0.546 4.69 | 197 0.147 0.718 12.0
Median 0.20 0.23 1.15 5.23 409 0.045 1.42 494 | 1137 0.232 1.47 0.16

Table 22 - Variability and average contents of selected elements in moss in CZ during the period 1991-2005
(n.a = not determined).

3.6.3 Comparison with neighbouring countries

A comparison of the current element content in moss with the values in neighbouring countries can be made only for the
obligatorily determined elements. This data is available in the European moss survey 2005/2006 (Harmens et al. 2008).

Table 23 provides basic figures for the medians of the element content for 12 elements in moss in Germany, Poland, Slo-
vakia and Austria. The analytical results obtained in CZ provide figures for the current element content of these elements in
moss that are comparable with the findings for Germany and Austria. Comparisons with Poland and Slovakia are difficult, due
to the absence of data representing the whole territory of these countries. Generally, the current element content in moss de-
termined in CZ is very markedly lower than the stated element accumulation in moss in Poland and Slovakia. The substantial
difference between the element content in moss in southwestern Slovakia (21 % of the results) and the levels in other parts
of the Slovak territory makes comparisons more difficult. However, the current element contents determined in moss in CZ
are lower than the element contents in moss stated from southwestern part of Slovakia, and substantially lower than the valu-
es for the remaining part of Slovakia. For most of the obligatorily investigated elements, moss in CZ typically accumulated
a 2-3 times lower amounts than moss in Slovakia.
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The differences in the element contents in moss in CZ in comparison with Poland, Slovakia and Hungary were evaluated
in detail in a report by Suchara et al. (2007b, 2007c¢).

Some figures available from the previous international moss campaigns enable an evaluation of trends in element accu-
mulation in moss during the last 10 years in the neighbouring countries. Data obtained in the second European moss survey
available, for example, in Ruhling (1998) and Sucharova et al (1998: 108), can be used as the incipient element contents in
moss. The available current analytical results extracted in Table 23 mostly indicate a decrease in the content of obligatorily
investigated elements in moss in the neighbouring countries over the last 10 years. The exception is Cr, the current content
of which is stated to be higher in most of the neighbouring countries than in 1995. Data for Al and As is available only for
Germany and Austria, and opposite trends in Ni, V and Zn accumulations were obtained for different sets of analytical re-
sults from different parts of Poland and Slovakia. It is difficult to explain the current increase in Cr content in moss in all ne-
ighbouring countries, with the exception of Slovakia. The increased Cr accumulation in moss may reflect a territorial increa-
se in the deposition rates of eroded soil particles, rather than increased emissions from industrial pollution sources (industrial
coal furnaces, waste incinerators, metallurgical and engineering industries, etc.)

Element | Al | As | Cd | Cr | Cu | Fe | Hg | Ni | Pb | Sb | v | Zn
Austria
n 212 212 212 212 212 212 212 212 212 212 212 212
min 76.2 0.092 0.055 0.41 2.90 65.0 0.026 0.39 1.20 0.040 0.25 16.0
max 2584 5.31 1.60 6.89 35.0 2200 0.26 8.80 27.0 0.62 16.0 120
median 333 0.18 0.18 1.06 5.10 300 0.051 1.00 3.70 0.16 0.95 29.0
Germany

n 726 725 724 725 725 726 726 725 725 725 726 723
min 245 0.035 0.060 0.48 3.34 113 0.016 0.35 1.19 0.050 0.31 17.2
max 3993 2.03 1.71 90.3 41.7 3568 0.11 9.37 40.4 1.31 6.04 426
median 289 0.16 0.21 2.36 7.27 328 0.035 1.16 3.69 0.16 1.09 46.7

Poland — national parks

n n.a. n.a. 272 n.a. 273 273 n.a. 272 n.a. n.a. 271 272
min n.a. n.a. 0.010 n.a. 3.34 98.3 n.a. 0.13 n.a. n.a. 0.45 18.4
max n.a. n.a. 1.94 n.a. 13.1 1210 n.a. 4.63 n.a. n.a. 21.3 124
median n.a. n.a. 0.25 n.a. 6.58 300 n.a. 1.64 n.a. n.a. 5.09 34.1

Poland —Opole region

n 30 30 n.a. 30 n.a. 30 n.a. 30 n.a. 30 30 30
min 490 0.30 n.a. 1.00 n.a. 112 n.a. 0.83 n.a. 0.13 1.07 26.5
max 7406 3.12 n.a. 10.3 n.a. 3086 n.a. 6.36 n.a. 0.68 11.7 125
median 1237 0.90 n.a. 2.74 n.a. 775 n.a. 2.56 n.a. 0.36 2.61 64.3
Slovakia
n 77 n.a. 77 n.a. 77 77 77 77 77 n.a. 77 77
min 960 n.a. 0.21 n.a. 6.32 332 0.026 0.28 4.60 n.a. 0.020 24.1
max 14720 n.a. 1.48 n.a. 151 6436 0.41 59.7 135 n.a. 435 159
median 2540 n.a. 0.50 n.a. 14.9 640 0.088 3.92 12.3 n.a. 3.34 48.9

Slovakia — south west

n n.a. 20 20 20 20 20 20 20 20 20 20 20

min n.a. 0.32 0.041 1.52 3.38 386 0.019 0.34 2.93 0.10 1.57 19.3
max n.a. 8.73 0.80 8.18 12.0 3077 0.13 272 29.8 0.45 51.9 62.4
median n.a. 0.86 0.16 2.36 6.92 914 0.037 1.65 4.81 0.21 2.75 322

Table 23 - Basic statistics for content of selected obligatorily investigated elements in moss determined in the neighbouring
countries in the moss survey 2005/2006, n.a. = not available figures (Harmens et al. 2008).
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4 SUMMARY AND CONCLUSION

The fourth Czech moss monitoring survey, carried out in the framework of the fourth European bio-monitoring program-
me, determined the content of 37 elements (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs. Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo,
N, Nd, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, T1, U, V, Y and Zn) in moss samples (especially Pleurozium schreberi and Scle-
ropodium purum species) collected at 282 sampling plots in the Czech Republic (CZ) in 2005/2006.

The basic statistics for the analytical results from the whole country and for individual administrative regions (14) of CZ
were presented in this survey.

The results of the factor analysis showed that the variability in the content of 28 elements in moss in 2005/2006 was sub-
stantially controlled by the operation of five factors. These individual factors are, however, difficult to define. Nevertheless,
3 or perhaps 4 of these factors had identically controlled the distribution of the same elements in moss in 2000.

The variability in the current content of elements in moss was statistically evaluated (correlation, cluster analysis and fac-
tor analysis). A list was made of the elements with contents in moss that correlated most tightly. The results of the cluster ana-
lysis distributed the elements into clusters according to the similar variability of their contents in moss samples. A tree dia-
gram of the clusters is commented on, and potential reasons are given for the similar variability of elements in the clusters.
Several clusters or the element composition of these clusters were very similar in 2005 and 2000.

Effects of landscape factors were found: elevation and total triennial precipitation for the sampling plots, bedrock types,
and land-use (proportion of wooded area and urbanised area) in a 5-km radius round the sampling plots. Increasing elevation
and total precipitation decreased or increased the content of most of the investigated elements in moss significantly in 2005.
The results were similar to those found in 2000, except in the case of a few elements where the content in moss correlated
negatively with total precipitation in 2005. The bedrock types at the moss sampling plots had less effect on element content
in moss. However, some significant correlations were found for certain elements and given classes of bedrock types. A stron-
ger effect of rock types on the element composition of moss was found in 2005, probably due to more intensive wind erosi-
on impacts in dry years 2003—-2004. Wooded surroundings of the moss sampling plots mostly led to lower element contents
in moss, while urbanised surroundings mostly led to higher contents. Similar correlations were found for most of the inves-
tigated elements in 2000.

Changes in element contents in moss were evaluated over a short period, 20002005, and over a longer period,
1991-2005. Generally, there was a trend toward decreasing element content in moss for both the inter-survey period and the
longer-term period. However, the rate of decrease in element content in moss is now slowing down. The impacts of the for-
mer powerful industrial sources of air pollution are greatly reduced these days, and the background effect of natural sources,
e.g., the spread of eroded ground particles and forest floor humus is being reflected increasingly strongly in the element con-
tent in moss.

A comparison of the long-term analytical moss results in the neighbouring countries revealed that the element accumulati-
on in moss in the neighbouring countries has also been falling continually since 1995. This reflects the general decrease in the
atmospheric deposition rates of given elements in Central Europe. A comparison of the CZ analytical results with data provi-
ded by the neighbouring countries showed that the accumulation of obligatorily investigated elements in CZ has been reduced
to levels almost comparable with those in Germany, Austria and rural parts of Poland. The accumulation of these elements in
moss in CZ is 2-3 times lower than the element contents in Slovakia and in the industrial regions in southern Poland.

Moss analyses provide an effective method for identifying the current atmospheric deposition rates and for revealing the
position of crucial sources of air pollution in CZ.

The four CZ moss surveys have shown a long-term tendency toward reduced element contents in moss, indicating a redu-
ction in the atmospheric deposition loads of given elements in CZ. However, the effect of some natural sources of air pollu-
tion (e.g., erosion and transport of eroded ground matter) is now becoming comparable with industrial emission sources for
some elements. In addition, there has been a big increase in road transportation since 1990. Although the emissions per ve-
hicle/kilometre have been reduced considerably, the increase in vehicle use has a growing effect on element deposition, espe-
cially in urbanised areas.

Further knowledge of trends in the atmospheric deposition rates in CZ will be revealed in the next moss monitoring cam-
paign in 2010.
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7 CZECH SUMMARY - SOUHRN

UvVOD

V roce 2005/2006 se uskutecnil étvrty evropsky program sledovani aktudlni irovné atmosférické depozice vybranych prv-
kd pomoci chemickych analyz mechu, kterého se Gcastnilo kolem 25 zemi. Jeho soucasti byl i ¢tvrty narodni biomonitorova-
ci program CR. Viechny prace spojené s odbérem a zpracovanim vzorki mechu, jeho chemickymi analyzami, vyhodnoce-
nim vysledkl a tvorbou bodovych a izoliniovych map provadéli pracovnici oddéleni Biomonitoringu, Vyzkumného ustavu
Silva Taroucy pro krajinu a okrasné zahradnictvi, v.v.i. v Prihonicich, ktefi zajistovali za CR i piedchozi evropské/narod-
ni biomonitorovaci programy v letech 1991, 1995 a 2000. Posledni evropsky biomonitorovaci program byl koordinovan od-
borniky z Ustavu ekologie a hydrologie v Bangoru, Velké Britanie v ramci plnéni spoleéného mezinarodniho projektu OSN
EHK ICP Vegetace (http://icpvegetation.ceh.ac.uk). Evropsky biomonitorovaci program povinné a dlouhodobé¢ sleduje obsah
zhruba 10-13 toxickych kovii v mechu a v posledni dob¢ i obsah celkového dusiku.

Predkladana Ceska narodni zprava podava vysledky stanoveni obsahu 37 prvki (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr,
Cs, Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo, N, Nd, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, T, U, V, Y a Zn) v mechu na tzemi CR
v roce 2005/2006, na vlozenych barevnych mapach zobrazuje aktualni distribuci obsahu téchto prvki v mechu na tzemi CR,
poskytuje k mapam kratky komentar, hodnoti vlivy vybranych proménnych prostfedi na obsah sledovanych prvki v mechu
a komentuje zjisténé kratkodobé zmény (od posledniho biomonitorovaciho programu), tak i dlouhodobé trendy zmén obsahtl
sledovanych prvkil v mechu za poslednich zhruba 15 let na izemi CR a jejich pravd&podobné priciny.

Cilem ptedkladané narodni zpravy je informovat ucastniky evropského biomonitoringu aktualnich irovni atmosférické
depozice prvki a zahrani¢ni i domaci odborniky na kvalitu ovzdusi o vysledcich aktualni distribuce obsahu prvkil v mechu
na jeho trendii v CR zjisténych v poslednim mezinarodnim programu OSN EHK ICP Vegetace. Proto je zprava publikovana
v anglickém jazyce s dostate¢né podrobnym ¢eskym souhrnem.

1. PATNACT LET SLEDOVANI OBSAHU PRVKU V MECHU NA UZEMI CR

Programy monitorovani obsahu prvkii v mechu na tizemi CR vyuZivaji dlouhodob& zavedené a standardizované postu-
py ovéfené v minulosti v ramci velkoplo$snych monitorovacich studii provadénych na uzemi skandinavskych zemi (Riihling
a Tyler 1971, 1973, 1984). Odbornici na biomonitoring ze Skandindvie koordinovali prvni a druhy celoevropsky program
sledovéani obsahu vybranych prvkii v mechu v roce 1990/1991 a 1995/1996, kterych se Géastnila i CR (Riihling 1994a; Riih-
ling a Steinnes 1998).

Po zfizeni Pracovni komise pro t&7ké kovy v ramci Umluvy o dalkovém zne&istovani ovzdusi prechazejicim hranice sta-
td (1998), byla data z pedchozich biomonitorovacich programti nabidnuta k vyuziti v rAmci Mezinarodniho programu OSN
EKH “Vlivy zne€isténi ovzdusi na pfirozenou vegetaci a plodiny” (zkracené ICP Vegetace). V roce 1999 byl v ramci progra-
mu ICP Vegetace zfizen novy podprogram “Tézké kovy v mechu” a od roku 2000 se stal koordinaénim centrem tohoto pro-
gramu Ustav ekologie a hydrologie, Bangor (http://icpvegetation.ceh.ac.uk), ktery organizoval nasledujici evropské biomo-
nitorovaci programy v letech 2000/2001 a 2005/2006.

1.1 Udast CR v evropskych biomonitorovacich programech

Tehdejsi Vyzkumny ustav okrasného zahradnictvi (VUOZ) byl pfizvan skandinavskymi odborniky k tiasti v probihajicim
prvnim celoevropském biomonitorovacim programu sledovani aktudlnich spadt prvki pomoci analyzy mechti v roce 1991
s zadosti o rychlé poskytnuti idajt alespori ze zapadni &asti Ceskoslovenska. V roce 1991/1992 byly na 33 mistech Cech ode-
brany vzorky mechti (Pleurozium schreberi 82 % a Polytrichum formosum 18 %) a Laboratof stopovych prvkit VUKOZ pro-
vedla stanoveni obsahu As, Cd, Cr, Cu, Fe, Ni, Pb, Se, V a Zn v mechu metodou AAS (atomizaci v plameni FP a na grafitové
kyveté GTA). Vysledky z prvniho biomonitorovaciho programu nebyly publikovany formou ¢eské narodni zpravy, primarni
data jsou vsak k dispozi ve zpravé Suchara et al. (1994). Vysledky z CR byly zafazeny do celoevropské zpravy o vysledcich
prvniho monitoringu (Riihling 1994b) a vysledky byly vyuZity i v &lanku (Markert et al. 1996) a narodni zpravé CR z nésle-
dujiciho monitorovaciho programu (Sucharova a Suchara 1998a).

V ramci druhého celoevropského biomonitorovaciho programu v roce 1995/1996 bylo na tizemi CR vybrano 196 ,trva-
lych” monitorovacich ploch, které pokryvaly tizemi CR zhruba ve &tvercové siti o velikosti 15 x 15 km. Z nich byly odebré-
ny vzorky mecht Pleurozium schreberi (82 %), Hypnum cupressiforme (10 %) a Scleropodium purum (8 %), ve kterych byl
stanoven obsah Al, As, Cd, Co, Cr, Cu, Fe, Mo, Ni, Pb, S, V a Zn metodou ICP-OES a Hg pomoci AMA-254. Sledovaly se
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i rozdily v obsazich sledovanych prvkd mezi jednotlivymi druhy mechu a jejich produkce (ro¢ni narist biomasy). Byly vy-
tvoreny bodové a izoliniové mapy distribuce prvkii v mechu na tizemi CR. Primarni vysledky jsou k dispozici ve vyzkumné
zpraveé Sucharova et al. (1997) a v ¢eské narodni zprave vydané tiskem (Sucharova a Suchara 1998a). Stru¢né hodnoceni vy-
sledki bylo publikovano ve &lanku Sucharova a Suchara (1998b). Vysledky chemickych analyz za CR byly zatazeny do dru-
hé celoevropské zpravy (Rithling a Steinnes 1998). Podle piivodniho zaméru evropského programu byl soucastné na moni-
torovacich plochach v CR odebran a analyzovan lesni nadlozni humus (Suchara a Sucharova 2000, 2002a, 2002b). Pro maly
pocet zicastnénych zemi nebyly vysledky analyz humusu v rdmeci evropského programu hodnoceny.

Tteti evropsky biomonitoring aktualnich urovni atmosférického spadu prvki probihal v ramci programu ICP Vegetace bé-
hem roku 2000/2001. V CR byly na 250 monitorovacich plochach odebrény vzorky mechti (Pleurozium schreberi 90 %, Sci-
eropodium purum 6 %, Eurhynchium angustirete 1.6 %, Brachythecium rutabulum 1.6 % a B. salebrosum 0.8 %) a byl ur¢en
obsah 14 pozadovanych prvki (Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mo, Ni, Pb, S, V a Zn) a 22 nepovinn¢ sledovanych prvki
(Ag, Ba, Be, Bi, Ce, Cs, Ga, In, La, Li, Mn, Pr, Rb, Sb, Se, Sn, Sr, Th, T1, U, Y a N) pomoci ICP-MS, AMA 254 a destilace
dusiku po mineralizaci vzorkt (Biichi). Byla provedena korelacni, shlukova a faktorova analyza vysledki a byla zjistovana
zavislost obsahu prvkid v mechu na vybranych vysvétlujicich proménnych pisobicich v krajiné (nadmotska vyska, srazkové
uhrny, geologické pomeéry, geomorfologie, mira zalesnéni nebo urbanizace v okoli monitorovacich ploch atp.) Byly vytvote-
ny bodové a izoliniové mapy rozlozeni obsahu sledovanych prvki v CR, hodnoceny zmény obsahu prvki za poslednich 5 let
a byly odhadnuty bioindikované aktualni urovné absolutnich hodnot spadi sledovanych prvki a jejich zmény za poslednich
5 let. Vysledky pro povinné a dobrovolné sledované prvky byly publikovany ve dvoudilné ¢eské narodni zpravé (Sucharo-
vé a Suchara 2004a; Suchara et al. 2007a). Vysledky analyz mechu z CR pro povinné sledované prvky jsou uvedeny v celo-
evropské zpraveé (Buse et al. 2003), informace o dosazenych vysledcich byl zvefejnén v odbornych ¢lancich, napt. Suchara
a Sucharova (2004a); Sucharova a Suchara (2004b). Vysledky povinné a nepovinné sledovanych prvki z CR byly hodnoce-
ny v kontextu sousednich zemi Visegradské ctyrky ve zprave (Suchara et al. 2007b, 2007c).

V dosud poslednim celoevropském biomonitorovacim programu z roku 2005/2006 byly v CR odebrany vzorky mechu na
282 monitorovacich plochach (Pleurozium schreberi 92 %, Scleropodium purum 5 % a Brachythecium rutabulum 3 %) a v
mechu byl stanoven obsah 37 prvki (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo, N, Nd,
Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, T1, U, V, Y a Zn) pomoci ICP-MS, AMA-254 a destilaci dusiku. Vysledky povinné¢ sle-
dovanych prvkii (As, Al, Cd, Cr, Cu, Fe, Pb, Hg, Ni, Sb, V a Zn) za CR byly jiZ zveiejnény v pravé publikované celoevrop-
ské zpravé (Harmens et al. 2008).

1. 2 Specialni biomonitorovaci programy

Pievazné mimo terminy celoevropskych biomonitorovacich programii, probihaly v CR specialni maloplogné biomonito-
rovaci akce zamétené obyéejné na zjisténi dosahu lokalnich emisnich zdrojt.

Zjistovani variability obsahu prvki (As, Cd, Cr, Cu, Fe, Ni, Pb, V a Zn) v mechu (Pleurozium schreberi), nadlozniho hu-
musu (O, horizont) a smrkovém jehli¢i (Picea abies) a ovéfovani vhodnych standardnich opera¢nich postupt odbéru a urce-
ni prvkid v uvedenych matricich probihalo na pokusnych plochach vybranych v oblastech s velmi vysokou, stfedni a nizkou
mirou atmosférické depozice prvkl. Vysledky analyz prvkd, statistické hodnoceni a vysledky korela¢ni analyzy byly uvede-
ny ve vyzkumnych zpravach Suchara et al. (1993, 1994).

Lokalizace zdrojii Hg na Tachovsku, na jehoz uzemi byl v biomonitorovacim programu z roku 1995/1996 zjistén zvyseny
obsah Hg, byla provadéna pomoci analyz vzorkd mechu Pleurozium schreberi odebranych na 18 mistech. Byla také sledo-
vana distribuce Hg v zelenych a hnédych ¢astech mechovych rostlinek a zavislost obsahu Hg ve vzorku bezprostiedné po je-
ho odebrani, béhem jeho zpracovani pied analyzou a po delsi dob¢ archivace vzorkd. Zjisténé vysledky jsou uvedeny ve vy-
zkumné zpraveé (Suchara a Sucharova 2000).

V roce 1999 byl zjistovan aktualni a historicky dosah kontaminaci z Kovohuti a.s. Pfibram, kde v roce 1998 probéhla
vymeéna starsi technologie za novou s vysokou uc¢innosti snizovani emisi. Na 56 mistech umisténych na linearnich transek-
tech vedenych od kominu kovohuté do vzdalenosti 14 km byly odebrany vzorky mechu Pleurozium schreberi a humusu (O,
horizont), ve kterych byl zjistén obsah 36 prvki (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, La, Li, Mn,
Mo, Nd, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, TL, U, V, Y a Zn). V okoli kovohuté zhruba do 1-2 km byly naméteny vysoké
koncentrace napt. Ag, Cd, In, Pb, Sb, Sn a Zn v mechu a v humusu u nékterych prvka (Cd, Pb) az do vzdalenosti vice nez
14 km. Zarovei na vychodnim okraji Piibrami (H4je) bylo objeveno ohnisko vysokych koncentraci napi. Ce, La, Pr, Nd, U,
ThaY v mechu i humusu zptisobené drcenim odvali byvalého uranového dolu pro vyrobu stérku. Vysledky analyz a bodové
a izoliniové mapy jsou k dispozici ve vyzkumné zpravé Sucharova et al. (1999) a souhrnné vysledky napt. ve ¢lancich Sucha-
rova a Suchara (2004c) a Suchara a Sucharova (2004b).

V roce 2000 byly béhem biomonitoringu zjistény velmi vysoké koncentrace litofilnich prvkli v mechu na velkém tzemi
ti byly v roce 2002 mimo jiné materidly (nadlozni humus, piida) odebrany i vzorky mechu (Hypnum cupressiforme) ze 42
mist a v roce 2003 ze 63 mist jizni Moravy. Byl zjistén obsah 35 prvki (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe,
Ga, Hg, In, La, Li, Mn, Mo, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, Tl, U, V, Y a Zn) a sestrojeny piislusné bodové a izolinio-
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vé mapy rozlozeni prvkt v mechu na jizni Moravé. Vysledky jsou k dispozici pouze ve formé vyzkumnych zprav (Sucharo-
va et al. 2002, 2003).

Rozlozeni obsahu rtuti v mechu Hypnum cupressiforme, nadloznim humusu a dubové kuie bylo zjistovano v okruhu
12 km kolem z&vodu Spolana v Neratovicich. Vysledky byly uvedeny ve vyzkumné zpravé Sucharova a Suchara (2004d)
a ¢lanku Suchara a Sucharova 2008.

V roce 2006 bylo na zadost CGS v oblasti Geské ¢asti Kralického Snézniku ovéfovano podezieni na zvyseny spad Be. Na
zédklad¢ analyz mechu Pleurozium schreberi odebranych v uzemi na 17 mistech nebyla tato domnénka potvrzena. Vysledky
stanoveni obsahu 36 prvkii v mechu z uvedené oblasti byly predany k dispozici CGS.

2. BIOMONITOROVACi PROGRAM 2005/2006

Vsechny faze ¢tvrtého biomonitorovaciho programu od sbéru vzorkt az po vyhodnoceni vysledkt zajistovali pracovni-
ci oddéleni Biomonitoringu s Laboratofi stopovych prvkt Ustavu Silva Taroucy pro krajinu a okrasné zahradnictvi, v.v.i.
v Prithonicich.

2. 1 Material a metody

V prubéhu plnéni biomonitorovaciho programu byly dodrzovany pracovni navody doporucené pro ctvrty celoevropsky bi-
omonitorovaci program (Harmens 2005;

http://samples-uk.pet-news-review.info/heavy-metals-in-european-mosses.2005-2006-survey-monitoring-ma). V CR by-
ly ptisné dodrzovany vSechny standardni operacni postupy a navic odbéry vzorkl provadi od r. 1991 stejny pracovnik a che-
mické analyzy stejna laboratof.

2.1.1 Odbéry vzorku

Odbéry vzorkd mechu byly provedeny v druhé poloving vegetacniho obdobi roku 2005. Celkem byly odebrany vzorky
mechu z 282 monitorovacich ploch. Zhruba na 5 odbérovych plochach byly odebrany vzorky opakované v roce 2006 pro
kontrolu vysledkti chemickych analyz a byly odebrany dodate¢né na dvou novych plochach vzorky mechu ke stanoveni du-
siku a rtuti. Vzorky byly odebirany v zakladni siti “trvalych” monitorovacich ploch (192) zalozené v roce 1995 (Sucharova
a Suchara 1998a: 24, Fig.7). Zékladni monitorovaci plochy jsou kédovany ¢isly 1-192. V ptipadé naruSeni odbérovych ploch
byly vzorky odebirany na jiném misté v nejblize mozné vzdalenosti od ptivodni monitorovaci plochy. Pribézné v biomoni-
torovacich programech byly vzorky odebirany i na dal$ich plochach napt. z divodu zniceni pivodnich ploch, potieby upies-
néni prubéhu gradientu spadu prvki v daném tizemi nebo ziskani srovnavacich dat pro lokality, kde jsou méfeny mokré spa-
dy prvka atp. Kazdé nové odbérové misto mimo zakladni sit’ je znaceno ¢islem nejbliz§iho mista zakladni sité a pfipojenym
indexem -01, -02, -03 atd. Typicka velikost odbérové plochy byla 50 x 50 m, v ptipad¢ potizi s odbérem reprezentativniho
vzorku az 400 x 400 m. Geografické poloha odbérovych ploch byla uréena pomoci osobniho naviga¢niho ptistroje GPS Gar-
min. Rozmisténi aktualnich odbérovych ploch v CR je uvedeno na Obr. 1 a jejich seznam je k dispozici v P¥iloze Tab. 1A.
Poéty odbérovych mist v jednotlivych administrativnich krajich CR poskytuje Tab. 1.

Prednostné byl odebiran mech druhu Pleurozium schreberi (260 mist = 92 %) nebo alternativné druh Scleropodium pu-
rum (14 mist = 5 %). Na zbylych mistech obycejné v ¢lovékem siln€ naruSené krajin€ byly odebrany vzorky druhu Brachy-
thecium rutabulum. Na odbérové plose bylo na otevienych mistech odebrano 7-9 dil¢ich vzorkii mechu spojenych do jed-
noho smésného vzorku o objemu zhruba 8 litri. O podminkach odbéru vzorku byly v terénu vyplnény protokoly o odbéru,
které jsou archivovany ve VUKOZ, v.v.i.

2.1.2 Analyzy

Z odebranych vzorkd mechu byly k analyze oddéleny zelené az zelenohnédé vrcholové ¢asti rostlinek staii 2,5-3 roky
a nemyté byly na vzduchu vysuSeny. Po umleti na laboratornim mlynu s titanovym rotorem a sitkem byl ziskan homogen-
ni vzorek o velikosti ¢astic mechu do 0.2 mm. Podrobné je zpracovani vzorkl popsano v predchozich zpravach (Sucharova
a Suchara 1998a, 2004a).

Tti navazky kazdého vzorku o hmotnosti ca 0,5 g byly soubézné mineralizovany v kyselin¢ dusi¢né a peroxidu vodiku
v teflonovych tlakovych nadobach v zafizeni pro mikrovinny a tlakovy rozklad vzorkit CEM (MARS 5). Po ukonceni rozkla-
du a zfedéni na definovany objem byl stanoven obsah Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, In, La, Li, Mn,
Mo, Nd, Ni, Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, TL, U, V, Y a Zn metodou ICP-MS (PE Elan 6000). VSechny zjisténé koncentra-
ce byly nad detek¢énimi limity metody, které uvadi Tab. 2. Kontrola analyz byla provadéna na soubézné analyzy standardnich
rostlinnych materiald IAEA Lichen 336, IAEA Hay V10 a mezinarodni mezilaboratorni standardy mechu M2 a M3 (MU-

HOS, Finsko). Pribézné Laboratot stopovych prvki analyzovala rostlinné vzorky v raimci mezinarodniho programu kontroly
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laboratoti WEPAL IPE (Wageningen Evaluating Programme for Analytical Laboratories, International Plant Analytical Ex-
change, Wageningen University) s velmi dobrymi vysledky. Spatna shoda byla dosaZena pii stanoveni Be v mechu M2 a M3
(Tab. 3 a Tab. 4), pro které udavané indika¢ni hodnoty jsou nerealn¢ vysoké (Steinnes et al. 1997; Harmens et al. 2008). Za-
kladni statistiku dosazenych vysledkl analyz mechu M2 a M3 Ize nalézt v Ptiloze Tabulka 2A.

Obsah Hg pfimo v umletych vzorcich mechu byl stanoven na analyzatoru rtuti AMA 254. Kontrola analyz byla provade-
na analyzami standardnich rostlinnych materiald (NIST Apple Leaves 1515 a IAEA Hay V10).

Celkovy obsah dusiku byl zjistén po rozkladu vzorku v kyseliné sirové a peroxidu vodiku v zafizeni na tlakovy rozklad
vzorki CEM (STAR System 2), destilaci amoniaku do kyseliny borité (Biichi B-324) a titraci amoboritého komplexu kyse-
linou sirovou. Kontrola stanoveni byla provadéna na soubézna stanoveni standardniho rostlinného materidlu NIST Spinach
Leaves 1570a (s referenéni hodnotou pro Kjeldahlovu metodu) a rostlinné vzorky pribézné analyzované v ramci mezinarod-
nich kontrolnich testi laboratoti WEPAL IPE. Analytické vysledky Laboratofe stopovych prvkit VUKOZ, v.v.i. byly v dobré
shodg s certifikovanymi nebo doporu¢enymi hodnotami. Protokoly o prib&éhu vSech analyz jsou archivovany v laboratofi.

2.1.3 Zpracovdni a vyhodnoceni vysledki

Zakladni evidence dat byla provadéna pomoci programti Microsoft Office, statistické analyzy vysledkt byly pocitany po-
moci programu StatSoft Statistica. Bodové a izoliniové mapy byly konstruovany pomoci programu Golden Software Surfer
a byla pouzita linedrni interpolace dat. Podrobny popis pouzitych metod a interpolaci dat uvadi napt. Sucharova a Suchara
(2004a: 24). V predkladané zpravé, na rozdil od piedchozich, je pouZito mirné odlisné mapové zobrazeni JSTK uzemi CR.

Pro korela¢ni analyzu byly ziskany udaje o vybranych charakteristikach odbérovych ploch a zptisobu vyuzivani krajiny
v jejich okoli jako proménné vysvétlujici distribuci sledovanych prvki v mechu. Udaje o stanovistnich pomérech byly zapsa-
ny do protokolu o odbéru vzorku, udaje o nadmoiské vysce, lesnatosti a podilu urbanizované plochy byly ziskdny z map
podrobného méfitka (M-33-), udaje o geologickém podloZi z piislusnych listii geologické mapy CR (CGU 1988-1996)
a udaje o rozlozeni ro¢nich srazkovych thrni za roky 2003, 2004 a 2005 z digitalnich map CHMU a hydrologickych ro¢enek
(CHMU 2004-2006). Vybér vysvétlujicich proménnych a jejich kategorie byly podrobné popsany v predeslé narodni zpra-
v¢ (Sucharova a Suchara 2004a; Suchara et al. 2007a). Rozd¢leni mate¢nych hornin podle piedpoklddaného podobného che-
mického slozeni do 6 tfid popisuje napt. Sucharova a Suchara (2004a: 59).

Vzhledem k hodnoceni vysledki pro vSech 37 sledovanych prvki a omezenému rozsahu této zpravy jsou ve vysledkové
¢asti struéné komentovana pouze nejdulezitéjsi zjisténi.

3. VYSLEDKY A DISKUSE

3.1 Vysledky chemickych analyz

S vyjimkou Nd, jehoZ obsah v mechu byl v tomto biomonitorovacim programu v CR stanoven poprvé, nejsou uvadény
v tvodnich ¢astech charakteristiky prvka sledovanych v mechu. Jejich vlastnosti byly popsany v piedchozi zpravé (Sucha-
rova a Suchara 2004a; Suchara et al. 2007a). Z vysledku je pro kazdy sledovany prvek strué¢né komentovano aktudlni zjiste-
né rozlozeni jeho obsahu v mechu na tizemi CR, zvla§té jsou popsany vyskyty hlavnich ohnisek vysokych akumulaci prvku
v mechu (tzv. hot spoty) a jejich pravdépodobné piiciny. V druhé ¢asti komentate jsou stru¢né komentovany zmény v distri-
buci obsahti prvkii od posledniho monitorovaciho programu v roce 2000 a jejich mozné piiciny. Casové a prostorové zmé-
ny v rozlozeni obsahu prvkid podrobnégji hodnoti Kap. 3.6. Barevné bodové a izoliniové mapy distribuce sledovanych prvka
v mechu v roce 2005 jsou pro vSechny prvky vlozeny v této zpravé za Prilohou. Pro pfipadné porovnani soucasného stavu
distribuce obsahu prvkd v mechu s poslednimi tdaji z roku 2000, je mozno mapy distribuce obsahu vSech prvkd mimo Nd
ziskat v posledni narodni zpraveé (Sucharova a Suchara 2004a; Suchara et al. 2007a).

Zakladni statistické idaje o obsahu jednotlivych prvkil v mechu na izemi CR a jednotlivych administrativnich kraji po-
skytuji Tab. 5-18.

Nasleduji komentéaie ke zjisténému rozlozeni obsahu sledovanych prvki v mechu na izemi CR a abecednim poiadi che-
mickych symbolt jednotlivych prvki.

3.1.1 Ag — stiibro

Aktudlni rozloZeni obsahu stiibra v mechu

Obsah stiibra v mechu byl zjistén v rozmezi 0,097-0,015 pg.g"'. Udaje o obsahu Ag v mechu na uzemi CR a v jednotli-
vych administrativnich krajich poskytuji Tab. 5-18.

Na zhruba 80 % tizemi CR obsah Ag v mechu neptesahoval 0,04 pg.g". Nejvyssi obsah Ag presahujici 0,08 pg.g" byl zjis-
tén v mechu mezi Frydkem Mistkem a Ttincem, u Pelhfimova a Piibrami v disledku provozovani podnikt barevné metalur-
gie. Zdroj Ag v okoli Pelhfimova vSak nebyl identifikovan. ZvySeny obsah Ag vykazovaly vzorky mechu ze severnich pohra-
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ni¢nich hor (Krusné hory, Jizerské hory, Krkonose, Orlické hory a Jeseniky). Diivodem mohou byt geogenni vlivy zvySeného
obsahu Ag ve snadnéji erodovanych horskych vychozech hornin a antropogenni emisni vlivy (provoz sklaren, barevné meta-
lurgie u nas a v sousednim Polsku). V horéach s vys$§imi srazkovymi thrny je Ag vice hromadéno mechem (Sucharova a Su-
chara 2004b; Suchara et al. 2007a), jak dokumentuje i Tab. 19. Vliv dalSich vysvétlujicich proménnych prostiedi na distribu-
ci obsahu Ag v mechu uvadi Kapitola 3.5.

Casové a prostorové zmény 2000-2005

Pramérné hodnoty Ag v mechu se pro roky 2000 (pramér 0,034 a median 0,030 pg.g?) a 2005 (pramér 0,036 a median
0,032 ug.g'1) vyznamné nelisi. Také izoliniové mapy distribuce Ag v mechu na izemi CR pro rok 2000 a 2005 se velmi po-
dobaji. Vétsi hromadéni Ag v okoli zavodii barevné metalurgie a v pohrani¢nich horach na severu CR nadale trva. Nové by-
lo zjisténo v roce 2005 zvyseni obsahu Ag v mechu u Pelhfimova. Izoliniové mapy ukazuji v roce 2005 zvySeni obsahu Ag
v mechu, pfevazné na urovni hodnot regionalniho pozadi, v kraji CB. Statisticky vyznamné zmény v obsahu prvki v jednot-
livych administrativnich krajich proti roku 2000 podéava Tab. 21.

3.1.2 Al - hlinik

Aktudlni rozloZeni obsahu hliniku v mechu

Aktualni obsah hliniku v mechu dosahoval 208-28600 pg.g", pfi¢emz na &tvrting uzemi CR byl zjitén vysoky nebo zvy-
Seny obsah Al zptuisobeny predevsim zvySenou Grovni spadu erodovanych pidnich ¢astic a popilku z uhli. Nejvyssi obsah Al
v Mostecké uhelné panvi je vyvolan vysokou prasnosti spojenou s té€zbou, dopravou a primyslovym spalovanim uhli v mist-
nich uhelnych elektrarnach. Zvysené hromadéni Al v mechu na jizni Moravé souvisi hlavné s vysokou trovni spadu erodo-
vanych ptdnich ¢astic. Zvyseny obsah Al v mechu v ¢asti KV, PL a SC kraje zptsobuje primyslové spalovani uhli, tézba ne-
rostnych surovin, vyroba cementu atp.

Casové a prostorové zmény 2000-2005

Izoliniovéa mapa distribuce Al v mechu z roku 2000 ukazuje stejna ohniska jako v roce 2005, ale v soucasné dobé doslo
k poklesu jejich rozlohy a intensity na Moravé a v zapadni ¢asti Ceskomoravské vrchoviny. Naopak k zesileni ohnisek hro-
madéni Al v mechu v roce 2005 doslo v zapadnich Cechach. Zmény obsahu Al v mechu vystihuji zmény pragnosti vyvolané
antropogennimi aktivitami nebo pisobenim klimatu (srazky, vitr). Ukazuje se, ze mechy v krajing s nardstajicim zalesnénim,
které brani erozi pudnich pokryvi a filtruje prachové Castice transportované ze vzdalengjSich zdrojt, obsahuji trvale mensi
mnozstvi Al (rp =-0,20; p<0,001; Kap. 3.5.3).

3.1.3 As — arzen

Aktudlni rozloZeni obsahu arzenu v mechu

Obsah arzenu v mechu byl zjistén v rozmezi 0,103-1,82 pg.g! (Tabulka 5). Nejvyssi obsah As vykazovaly vzorky mechu
z okoli Mostu a zadpadné od Mélniku, kde jsou provozovany uhelné elektrarny. ZvySeny obsah As hromadi mech v izemi vy-
mezeném spojnici Usti nad Labem, Pibram, Jachymov a statni hranici. Vymezena oblast je pfedeviim pod vlivem piisobeni
imisi z tepelnych elektréren a dal$ich pramyslovych topeniit na hnédé uhli bohaté na arzenopyrit. Na zhruba 80 % uzemi CR
byl v mechu zji$tén nizky obsah As pod 0,4 pg.g! odpovidajici regionalnimu pozad’ovému obsahu As. Nejniz$i obsah As vy-
kazovaly vzorky mechu odebrané v lesnaté a malo primyslové piihrani¢ni oblasti jizni poloviny Cech.

Casové a prostorové zmény 2000-2005

Mista nejvyssiho hromadéni As v mechu byla zjisténa na stejnych mistech v roce 2005 jako v roce 2000. Piesto v zapad-
nich Cechach doslo k velkoplo§nému zvyseni obsahu As v mechu v roce 2005 pravdépodobné z diivodu zvySovani mnozstvi
pramyslové spalovaného uhli. Naopak pokles As vykazovaly v roce 2005 vzorky mechu ze severovychodnich Cech a z jizni
Moravy. Pravdépodobné doglo k poklesu mnozstvi primyslové spalovaného uhli v severovychodnich Cechach. Na jizni Mo-
ravé poklesla intenzita pidni eroze ve vlhéim roce 2005 a na nékolika odbérovych mistech byly vzorky v r. 2005 odebrany
blize centra remizki, kde byl mech vice chranén pied kontaminaci prachem. Trendy zmén obsahu prvki v mechu na zakladé
statistického hodnoceni zjisténych rozdild obsahu As v mechu jsou podrobnéji komentovany v Kap. 3.6.

3.1.4 Ba — baryum

Aktudlni rozloZeni obsahu barya v mechu

Zjistény obsah barya v mechu dosahoval hodnot 5,32-76,4 pg.g"' a mistni ohniska jeho hromadéni v mechu byla zjisténa
na severovychodni Moravé (Frydek Mistek, Ostrava, Moravskoslezské Beskydy). Pfic¢inou je zvySeny spad prasnych ¢éstic
erodovanych ze skladek a padnich pokryvii v primyslové a dulni oblasti. ZvySeny obsah Ba vykazovaly vzorky mechu také
z jizni a jihovychodni Moravy (kraje OV, ZL, BN) v dusledku vysoké urovné spadu erodovanych pudnich ¢astic z ptidnich
pokryvi vzniklych na sedimentech karpatského flySe. Na nékolika riznych mistech byly jednotlivé monitorovaci plochy
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ovlivnény také spadem prasnych &astic se zvysenym obsahem Ba. Pfesto zhruba na 75 % tizemi CR mech obsahoval Ba na
urovni regionalnich pozad’ovych hodnot niz$ich nez 25 pg.g.

Casové a prostorové zmény 2000-2005

Izoliniové mapy rozlozeni obsahu Ba v mechu pro rok 2000 a 2005 se velmi podobaji. Vyrazné&jsi pokles obsahu Ba v me-
chu byl v roce 2005 zjiStén na jizni Moraveé a na mistech zvySené akumulace Ba v mechu v Krkonosich a Orlickych horach
zjisténych v r. 2000. Divodem je ziejmé aktualni pokles Girovné spadu erodovanych pidnich a prasnych ¢astic. Piesto nebyl
zjistén statisticky vyznamny rozdil v priimérném obsahu Ba v mechu na tizemi CR mezi roky 2005 a 2000 (viz Kap. 3.6).

3.1.5 Be — beryllium

Aktudlni rozloZeni obsahu beryllia v mechu

Aktudlni obsah beryllia v mechu byl zjistén v rozpéti 0,008-0,136 ug.g™'. Nejvyssi obsah Be v mechu byl zjistén v okoli
Mostu, zapadné u Mélniku a u Jesenice, kde na prvnich dvou lokalitach plsobi imise doprovazejici provoz mistnich uhelnych
elektraren. Zdroj kontaminace mechu u Jesenice nebyl zjistén, mtize jit o ndhodny vliv geogenniho Be z podlozi kontami-
nujiciho mech napt. v disledku ndhodné bioturbace nadlozniho humusu. Podobné 1ze vysvétlit zvySeny obsah Be ve vzorku
z Jizerky v Jizerskych horach, kde pisobi vyvéry vod v oblasti sedimentovanych minerald. Vyssi obsah Be v mechu byl zjis-
tén velmi lokalné na 3 mistech na jizni Moravé. Nejspise se opét jedna o kontaminaci mechu sedimentujicimi pidnimi ¢asti-
cemi mistnich ptd na flySovych sedimentech. Kolem 85 % tizemi CR pokryva mech s nizkou regionalni pozad’ovou hodno-
tou Be pod 0,04 pg.g!. Specialni sledovani koncentraci prvka v mechu na ¢eské strané Kralického Snézniku mimo evropsky
monitorovaci program (Kap. 1.2) nepotvrdilo podezieni na zvysenou urovei atmosférického spadu Be v této oblasti.

Casové a prostorové zmény 2000-2005

RozloZeni obsahu Be v mechu na tizemi CR se mezi roky 2000 a 2005 podstatn& nezménilo. Z izoliniovych map se zda
maly nardst obsahu Be v krajich UL, KV a ¢aste¢né PL a SC, naopak sniZeni obsahu Be v kraji BN, OL a ZL. Pravdépodob-
né jde o zmény v depozi¢nich Grovnich pidniho a primyslového prachu v uvedenych regionech. Statistické hodnoceni roz-
dild obsahu prvki v daném obdobi pro jednotlivé administrativni kraje udava Kap. 3.6.

3.1.6 Bi—vizmut

Aktudlni rozloZeni obsahu vizmutu v mechu

Obsah vizmutu v mechu byl zjistén v rozpéti 0,012-0,318 pg.g"', nejvyssi obsah Bi ptesahujici 0,09 pg.g' vykazovaly
vzorky mechu z blizkosti Décina a z Moravskoslezskych Beskydech. Zpracovani specidlniho kovového odpadu s obsahem
Bi v Déciné a provozovani nezelezné metalurgie na Ostravsku a Ttinecku, popf. i v sousednim Polsku jsou zdrojem Bi v uve-
denych oblastech. Mensi ohnisko zvySeného hromadéni Bi v mechu bylo zjisténo u Nového Boru a souvisi s vyrobou skla.
Zvyseny obsah Bi byl zjistén v mechu i z okoli Jachymova a Piibrami. V prvnim ptipadé miize jit o vliv zvySené depozice
¢astic erodovanych z odvald byvalych dolti polymetalickych rud, ve druhém o vliv provozu kovohuté v Piibrami. Mirn¢ zvy-
Seny obsah Bi byl zjistén i ve vzorcich mechu z krajit UL, OV, LI, KV a PL. Pfesto na 80 % tizemi CR obsah Bi v mechu od-
povidal nizkym regionalnim pozad’ovym hodnotam.

Casové a prostorové zmény 2000-2005

Také v roce 2000 byla zjisténa ohniska hromadéni Bi v mechu u Décina, Piibrami a Frydku Mistku (Suchara et al. 2007a).
V roce 2005 byl zjistén nové zvySeny obsah Bi v mechu z oblasti Moravskoslezskych Beskyd, Nového Boru a Jachymova,
v disledku zvySeni mistni primyslové vyroby nebo eroze ¢i bioturbace nadlozniho humusu. Snizeni spotfeby Bi v kovohuti
Piibram vedlo nasledné ke snizeni emisi Bi. V nékterych krajich se zda, ze doslo ke zvySeni regionalniho obsahu Bi v mechu
(KV, UL, LI JI). Vysledky hodnocent statisticky vyznamnych zmén v administrativnich krajich vSak poskytuje Tab. 21.

3.1.7 Cd — kadmium

Aktudlni rozloZeni obsahu kadmia v mechu

Obsah kadmia v mechu byl zjistén v rozmezi 0,114-1,75 pg.g"' (Tab. 5). Nejvyssi obsah Cd, piesahujici 1,0 pg.g”' byl na-
méfen v mechu od Frydku Mistku, Pfibrami a Desné. Primyslovymi zdroji Cd jsou provozy barevné metalurgie a vyroba skla
a keramiky. Zvyseny obsah Cd byl zjistén u vzorkd mechu ze severni a jizni Moravy (¢asti kraji OV, OL, ZL a BN). Na se-
verni Moravé predpokladame vliv primyslovych zdroji (metalurgicky a strojni pramysl), na jizni Moravé vliv zvySené de-
pozice erodovanych ptidnich ¢astic a maly podil spalovani hnédého uhli v elektrarné a teplarnach. Na vétsing uzemi CR byl
zjistén obsah Cd v mechu nizsi nez 0,30 pg.g"', coz odpovida sou¢asnym hodnotam regionalniho pozadi.

Casové a prostorové zmény 2000-2005
Porovnani izoliniovych map distribuce Cd v mechu pro rok 2000 a 2005 ukazalo, Ze distribuce obsahu Cd a poloha ohni-
sek akumulace Cd v mechu se v poslednich 5 letech nezménila, ale v roce 2005 doslo ke zvySeni obsahu Cd v mechu u Pri-
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brami a Desné ziejmé z divodu zvysenych emisi Cd z primyslovych zdrojt (zvySeni produkce). Z podobnych divodu doslo
i ke zvySeni obsahu Cd v mechu na Frydeckomistecku a naopak s omezenim vyroby metalurgickych provozi na Ostravsku
a v sousednim Polsku doslo v roce 2005 ke snizeni obsahu Cd na Ostravsku. Zmény obsahu Cd v mechu byly vSak statistic-
ky vyznamné pouze pro SC kraj (Tab. 21, Kap. 3.6).

3.1.8 Ce — cer

Aktudlni rozloZeni obsahu ceru v mechu

Obsah ceru v mechu dosahoval variaéniho rozpéti 0,302-3,69 pg.g'. Nejvétsi hodnoty obsahu Ce byly zjistény u Mostu
a Kadané v severozapadnich Cechach a u Pohotelic na jizni Moravé. Cer jako typicky litofilni prvek kontaminuje mech na
lokalitach v dasledku vysoké prasnosti spojené s t€zbou, piepravou a spalovanim hnédého uhli v Mostecké uhelné panvi
a vysoké trovné spadu erodovanych puidnich ¢astic na jizni Moravé. Lokalni zvySeni obsahu Ce v mechu bylo zjisténo v r.
2005 u Mélniku a Pierova pravdépodobné v disledku provozovani uhelné elektrarny Mélnik a kontaminace mechu zvyse-
nym spadem piidnich &astic na Moravé. Asi na 75 % tizemi CR byl zjistén nizky obsah Ce v mechu, jen mirné zvyseni poza-
d’ového obsahu Ce v roce 2005 ukazuje izoliniova mapa hlavné v kraji UL a BN pravdépodobné v dusledku mirného zvyse-
ni spadu erodovanych pidnich a prachovych ¢éstic.

Casové a prostorové zmény 2000-2005

V piedeslém biomonitorovacim programu v roce 2000 byla zjisténa podobna distribuce Ce v mechu a stejna poloha ohni-
sek akumulace Ce v mechu v zapadnich Cechéch a na jizni Moravé. V roce 2005 doslo ke zietelnému zeslabeni ohniska kon-
taminace mechu na jizni Moravé v dusledku snizeni spadu erodovanych ptidnich ¢astic béhem vlh¢iho roku 2005 a odbérem
vzorkd mechu na mistech vice chranénych stromy. Porovnani izoliniovych map pro rok 2000 a 2005 ukazuje v soucasné do-
bé pokles obsahu Ce v mechu hlavné na jizni Moravé a naopak mirné zvyseni v krajich UL, KV, PL a SC. Statistické hodno-
ceni zobrazenych zmén je uvedeno v Kap. 3.6.

3.1.9 Co — kobalt

Aktudlni rozloZeni obsahu kobaltu v mechu

Zjisténé mnozstvi kobaltu se v mechu pohybovalo v rozpéti 0,106—1,22 pg.g!. Nejvyssi obsah Co byl naméien u vzorka
mechu ze Severo&eského hnédouhelného reviru od Litvinova a Kadang. Uzemi je ovlivnéno zvyienym spadem erodovanych
pudnich ¢astic, popilku tepelnych elektraren a imisi pivodem z chemickych a strojirenskych provozi. Zvyseny obsah Co byl
zjistén ve vzorcich mechu z ¢asti PL kraje. Hlavnim zdrojem Co jsou kovohut¢ u Ptibrami a zelezarny u Rokycan. ZvysSeny
obsah Co byl zji§tén u vzorki mechu z n&kolika jednotlivych ploch v riiznych ¢astech CR. Jedna se nejspise o kobalt piecha-
zejici do mechu se spadu erodovanych pudnich ¢astic, u Mélniku i spad elektrarenskych popilkt a u Kopfivnice zvySenou
priimyslovou pragnost. Na zhruba 80 % uzemi CR byl zjiitén nizky pozad’ovy obsah Co nepiesahujici 0,4 pg.g.

Casové a prostorové zmény 2000-2005

Izoliniové mapy z roku 2000 ukazuji nejen ohnisko vysokého obsahu Co v mechu u Litvinova a Kadané v severozdpadnich
Cechach, ale i u Kyjova a Dukovan na jizni Moravé. Prvni dvé ohniska hromadéni Co v mechu jsou podminéna vysokym spa-
dem prasnych ¢astic v disledku té€zby, dopravy a spalovani hnédého uhli. Na jizni Moravé byl mech ovlivnén vysokou urovni
spadu pudnich ¢astic a u Dukovan spadem erodovanych ¢astic z vychozl serpentinitu (hadce). V roce 2005 erozni t¢inky byly
oslabeny napft. vlhéim pocasim. Naopak v roce 2005 byl zjistén zvyseny obsah Co u kovohuté v Pfibrami pravdépodobné v di-
sledku zvySeni vyroby nebo vstupu Co se zpracovavanymi surovinami. Slaby nartst obsahu Co v mechu byl v roce 2005 zjis-
tén na Gasti izemi PL a UL kraje, ale na vé&t3ing izemi CR mapy ukazuji mirny pokles obsahu Co v mechu. Podil vlivu primys-
lovych emisi Co na jeho obsah v mechu klesa a narista vliv spadu Co obsazeného v piidnich nebo humusovych &asticich.

3.1.10 Cr— chrom

Aktudlni rozloZeni obsahu chromu v mechu

Obsah chromu v mechu byl zjistén od 0,51 do 4,54 pg.g". Na zhruba 95 % tzemi CR zjiiténé mnoZstvi Cr v mechu ne-
ptesahovalo hodnoty regionalniho pozadi 2,0 pg.g'. Pouze zvys$eny obsah Cr byl naméfen u vzorkti od Mostu, Mélniku, Pti-
brami a Znojma. Okoli Ptibrami a $ir§i zemi Ostravska ovliviiuji emise z metalurgickych provozt, Mostecko a Mélnicko
je ovliviiovano provozovanim uhelnych elektraren a okoli Znojma je postihovano zvy$enym spadem erodovanych ptidnich
&astic. Kolisani Grovni spadu ptidnich ¢astic znaéné ovlivituje rozlozeni obsahu Cr v mechu na tizemi CR. Faktory prostiedi,
které mohou vyznamné ovlivilovat akumulaci Cr v mechu jsou diskutovany v Kap. 3.5.

Casové a prostorové zmény 2000-2005
Porovnani izoliniovych map rozlozeni obsahu Cr v mechu v roce 2000 a 2005 ukazuje, ze v souc¢asné dobé doslo ke snize-
ni obsahu Cr v malych oblastech jeho diive zvySené kumulace v kraji ZL a BN. Velkoplo$né snizeni Cr v mechu bylo zji§téno
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v ¢asti SC, PU, JI, OL, ZL, BN a OV kraje, coz vedlo k odpovidajicimu nartstu plochy oblasti s nizkym obsahem Cr v me-
chu. To je zptuisobeno poklesem urovni spadu erodovanych ptdnich ¢astic nejspise v disledku relativné vlhkého roku 2005.
V soucasné dobé¢ tiidy obsahu Cr v mechu uzivané v rdmci mezinarodniho biomonitoringu jsou pfili§ vysoké a nedovolu;ji
v CR vymezit oblasti s relativné vysokym, stiednim a nizkym obsahem Cr. To by umoznilo jen definovani novych obsaho-
vych tiid s niz&imi hodnotami. Ukazuje se, Ze obsah Cr je v CR v jednotlivych biomonitorovacich programech prostorové
i asové pomérné proménlivy. Pravdépodobné dilezitym faktorem, ktery kontroluje obsah Cr v mechu, je mira spadu erodo-
vanych pudnich ¢astic zavisejici na aktualnich klimatickych podminkach.

3.1.11 Cs — cesium

Aktudlni rozloZeni obsahu cesia v mechu

Obsah cesia v mechu byl zjistén v rozpéti 0,074-6,93 pg.g”', nizky obsah do 0,6 pg.g"! byl naméfen v mechu na zhruba
90 % tizemi CR. Piesto vysoké hromadéni Cs v mechu nad 2 pg.g"' bylo zaznamenano na 8 mistech CR (Nova Bystfice, Ze-
lezna Ruda, Marianské Lazng, Jachymov, Cesky Jifetin, Harrachov, Dobrugka a Jevany) a zvy3eny obsah Cs vykazoval mech
také u Straze pod Ralskem, Zlatych Hor, Frydku Mistku a Jimramova. Na v§ech uvedenych mistech se vyskytuji granitoidni
typy hornin, ze kterych se Cs dostava do mechu bud’ ptimo spadem erodovanych ¢astic hornin a jejich pidnich pokryvi ne-
bo eroznim roznosem opadu a humusu, do kterého prechazi kolobéhem prvka v lese.

Casové a prostorové zmény 2000-2005

Izoliniové mapy distribuce Cs v mechu v roce 2000 a 2005 se velmi podobaji a poloha mist hromadéni Cs v mechu je sta-
la. Mnozstvi aktualniho obsahu geogenniho Cs v mechu na takovych mistech ovliviiuji hlavné klimatické podminky. Vlivy
prostiedi kontrolujici vyznamné distribuci Cs v mechu udava Kap. 3.5. Primyslové zdroje Cs nejsou u nds znamy, vliv radi-
oaktivniho '*’Cs na obsah celkového Cs je zanedbatelny. Presto se uvaZzuje o méfeni obsahu '*’Cs ve spolupraci se Statnim
ustavem radiacni ochrany.

3.1.12 Cu — méd’

Aktudlni rozloZeni obsahu médi v mechu

Aktudlni obsah m&di v mechu se pohyboval v rozmezi 3,29-10,5 ug.g" a v roce 2005 nebylo zjidténo v CR z4dné misto
s velmi vysokym obsahem Cu v mechu. Porovnani izoliniovych map z roku 2000 a 2005 ukazuje zvySeni obsahu Cu, které by-
lo v roce 2005 naméteno v okoli Mostu a Frydku Mistku a v krajich UL, LI, SC, HK, OL a OV. Obsah Cu v mechu ovliviiuji
hlavné emise z provozl barevné metalurgie, primyslového spalovani uhli a spad erodovanych ptidnich ¢astic nebo nadlozniho
humusu. V ptihrani¢ni oblasti Jesenikti mtize jit i o vliv emisi metalurgickych provozii z priimyslovych oblasti jizniho Polska.

Casové a prostorové zmény 2000-2005

Proti roku 2000 byl zjistén mirné zvySeny obsah Cu v mechu u Mostu, Trutnova a Kyjova. Naopak snizeni obsahu Cu
v mechu bylo zji§téno v severni poloving Cech a v severni a vychodni ¢asti Moravy. V uvedenych oblastech je vliv emisi Cu
z metalurgickych provozi zanedbatelny. Hlavnim primyslovym zdrojem Cu je zde provozovani tepelnych elektraren. Prav-
dépodobné vyznamny podil na kontrole obsahu Cu v mechu ma i spad erodovanych ptidnich ¢astic a hlavné nadlozniho hu-
musu. Statisticky vyznamné zmény v obsahu Cu v mechu za poslednich 5 let v jednotlivych krajich podava Kap. 3.6.

3.1.13 Fe —Zelezo

Aktudlni rozloZeni obsahu Zeleza v mechu

Aktualni obsah zeleza se v mechu pohybuje v rozmezi 182-2570 pg.g'. Vysoké koncentrace Fe byly naméteny v me-
chu u Mostu a Kadanég, u Ostravy a Nydku a na jizni Moravé u Znojma. Pfi¢inou zvySeného hromadéni Fe v mechu v Mos-
teckém hnédouhelném reviru je vysoky spad prachovych ¢astic uvoliiovanych pii t€zbé uhli, jeho prepravé a pfi primyslo-
vém spalovani v elektrarnach. Na severovychodni Moravé je rozhodujicim zdrojem Fe v mechu spad primyslového prachu
z metalurgickych provozii. Ve vyhradn¢ zemédélské oblasti jizni Moravy je dominantnim zdrojem Fe pro mech zvySeny spad
erodovanych plidnich ¢astic. Mirné zvyseni aktudlniho obsahu Fe v mechu zjistujeme také u Mélniku (dtivodem je provoz
elektrarny), Piibrami (provoz kovohut&) a Olomouce (eroze pidnich pokryvii). Pfesto asi na 80 % uzemi CR byl zjistén ob-
sah Cu v mechu nizky, odpovidajici sou¢asnému regionalnimu pozadi.

Casové a prostorové zmény 2000-2005

I1zoliniové mapy z let 2000 a 2005 jsou velmi podobné a zobrazuji stejn¢ i polohy ohnisek hromadéni Fe v mechu. V sou-
¢asné dobé jedinou v mapach patrnou zménou je mirny nardst pozad’ové hodnoty Fe v mechu v jihozapadnich Cechach a na-
opak mirny pokles ve vychodnich Cechach a na zdpadni Moravé. Vzhledem k jiZ ustdlenému mnozstvi emisi Fe z primys-
lovych zdrojt, hlavni kontrolu nad obsahem Fe v mechu maji faktory ovliviiujici erozi a Sifeni ptidnich ¢astic. Statisticky
vyznamné zmény v obsahu Fe v jednotlivych krajich za poslednich 5 let udava Tab. 21.
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3.1.14 Ga - gallium

Aktudlni rozloZeni obsahu gallia v mechu

Aktuélni hodnoty obsahu gallia v mechu byly zjistény v rozpéti 0,084-0,965 pg.g'. Podobné jako u nékterych dalsich li-
togennich prvkd, nejvyssi obsah Ga byl zjistén u vzorkli mechu ze Severoceského hnédouhelného reviru od Mostu a Kada-
né, od Mélniku ve stfednich Cechach a od Znojma na jizni Moravé. Zdrojem Ga je sedimentujici prach a popilek uvoliiovany
do atmosféry pii tézbe, piepraveé a primyslovém spalovani hnédého uhli v hnédouhelném reviru, provozovani uhelné elek-
trarny u Mélniku a vysoké Grovné spadu pidnich Castic erodovanych z rozlehlych poli na jizni Moravé. Zvyseny obsah Ga
v mechu byl zaznamenan v zapadni ¢asti SC kraje, v ptihrani¢ni oblasti Liberecka a na nékolika mistech na severovychodni
Moravé. Ve vsech ptipadech jde o doznivani vlivu provozovani uhelnych elektraren na severovychodni Moravé v kombina-
ci se zvy$enou primyslovou pranosti predevsim z metalurgickych provozii. Mech na vétsing izemi CR (asi 80 %) obsahu-
je mala pozad’ova mnozstvi Ga do 0,25 pg.g"'. Rozlozeni obsahu Ga v mechu se velmi podoba mapé rozlozeni zeleza v me-
chu, proto miizeme predpokladat spolecné emisni zdroje téchto prvki a stejné mechanismy Sifeni, depozice a vstupu téchto
prvku do rostlinek mechu.

Casové a prostorové zmény 2000-2005

Izoliniové mapy distribuce obsahu Ga v mechu na tizemi CR v roce 2000 a 2005 jsou si velmi podobné a ohniska hro-
madéni Ga v mechu v severozapadnich Cechéach a na jizni Moravé byly identifikovany v obou monitorovacich programech.
V roce 2005 ale intenzita prvniho ohniska zesilila, zatimco druhé vyrazné zeslablo. Divodem je proménliva Groven spadu
prasnych a ptidnich Castic, zvlasté snizeni eroze na Moravé béhem vlh¢iho roku 2005. Rozdilnou regionalni urovni spadu ero-
dovanych padnich &astic v letech 2000 a 2005 1ze vysvétlit i riist pozad'ového obsahu Ga v mechu na jihozdpadé Cech a po-
kles obsahu Ga ve vychodnich Cechach.

3.1.15 Hg — rtut’

Aktudlni rozloZeni obsahu rtuti v mechu

Obsah rtuti se v mechu pohyboval v rozmezi 0,022-0,148 pg.g'. Podle stavajicich klasifika¢nich tfid obsahu Hg uziva-
nych v mezinarodnim monitorovacim programu, analyzované vzorky mechu nikde v CR nevykazovaly velmi vysoky nebo
vysoky obsah Hg. Stfedné zvySeny obsah Hg byl zjistén u vzorkt mechu od Litvinova, Mostu, Neratovic a Frydlantu. PFici-
nou hromadéni Hg v mechu na uvedenych lokalitach je primyslové spalovani hnédého uhli v Severoceské hnédouhelné pan-
vi, produkce chloru elektrolyzou solanky Hg elektrodami (Spolana) a provozem tepelné elektrarny v Polsku (Turéw). Zéna
zvySené¢ho obsahu Hg v mechu lemuje vyse uvedena ohniska a sléva se v rozlehlejsi zonu zahrnujici ¢ast kraja UL, LI a SC.
Na nékolika jednotlivych plochach zvyseni obsahu Hg v mechu vyvolala pravdépodobné ndhodna kontaminace mechu hu-
musem napf. vlivem bioturbace (v kraji JI a BN), lokalni spalovani uhli nebo komunalniho odpadu (Sokolov, Krométiz, Kar-
vina) nebo dosah zahrani¢nich priimyslovych zdrojii Hg (Katovice, Myjava). Piesto na zhruba 85 % uzemi CR mech obsa-
hoval mala mnozstvi Hg do 0,06 ug.g™.

Casové a prostorové zmény 2000-2005

Porovnani pfislusnych izoliniovych map ukazalo, Ze v roce 2005 prakticky zmizelo vyznamné ohnisko hromadéni Hg
v mechu zjisténé u Kyjova na jizni Moravé v roce 2000. Primyslové zdroje Hg v této oblasti jsou velmi malé. Pfi¢inu zesla-
beni tohoto ohniska lze hledat jediné v poklesu urovné spadu erodovanych ptdnich ¢astic v izemi. V roce 2005 také neby-
la zjisténa dfive identifikovand mista zvySeného hromadéni Hg v mechu mezi Pardubicemi a Zabiehem a u Kladna a Stiibra
v dtsledku zruseni nekterych lokalnich pramyslovych provozi a poklesu mnozstvi primyslové spalovaného uhli. Izoliniova
mapa pro rok 2005 ukazuje pokles regiondlnich pozad’ovych koncentraci Hg v mechu napf. v krajich HK, PU, BN, OL a JI.
Statisticky vyznamny pokles obsahu Hg v mechu v$ak nastal jen v kraji SC, PU a OL (Kap. 3.6).

3.1.16 In — indium

Aktudlni rozloZeni obsahu india v mechu

V roce 2005 bylo zjisténo varia¢ni rozpéti obsahu india v mechu od 0,001 do 0,038 pg.g! (Tab. 5). Nejvyssi obsah In byl
zjistén podél statni hranice mezi Varnsdorfem a Chomutovem. Pfi¢iny zvySeného hromadéni In v mechu na hiebenech sever-
ni ¢asti Krusnych hor nejsou znamé a mohou souviset napi. s novou stavbou a provozem vétrnych elektraren a elektrovolta-
ickych ¢lank, které mohou obsahovat slitiny s In. V nasledujicim obdobi dojde k opakovani sbéru a analyz mechu z uvedené
oblasti. Relativné vysoky obsah In byl také zjistén v mechu na nékolika mistech na severovychodni Moravé (Frydek Mistek,
Ostrava, Nydek), ktery souvisi s kontaminacemi uzemi In pivodem z mistnich provozi metalurgického primyslu. Zbyla oh-
niska zvySeného obsahu In v mechu souvisi s provozem kovohut¢ (Piibram) a nejspise kontaminaci mechu humusem (Hra-
dek u Nechanic a Velenka). Nizka troven obsahu In v mechu odpovidajici regionalnimu pozadi byla zjisténa zhruba na polo-
ving tizemi statu, pievazné v jizni &asti CR.
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Porovnani map rozlozeni In v mechu pro rok 2000 a 2005 ukazuje aktudlni nartist obsahu In v mechu hlavné v krajich na
zéapadé Cech (KV. UL a LI), v severovychodnich Cechach (HK, PU) a &asteéné ve SC kraji. Statisticky vyznamna zména kon-
centraci In byla vsak zji§téna jen pro 3 kraje (Tab. 21). Naopak mirné snizeni obsahu In v mechu bylo indikovano na Mora-
v¢, hlavné v kraji BN ptedevsim v disledku poklesu spadu erodovanych pudnich ¢astic.

3.1.17 La — lanthan

Aktudlni rozloZeni obsahu lanthanu v mechu

Aktudlni rozmezi obsahu lanthanu v mechu bylo zjisténo mezi 0,15 az 1,79 pg.g". V CR nejsou znamé pramyslové zdro-
je La. Relativné vysoky obsah La vykazoval mech od Mostu a Kadané v Severoc¢eské hnédouhelné panvi, kde vznika vyso-
ka prasnost souvisejici s tézbou, piepravou a primyslovym spalovanim hnédého uhli. Zvyseny obsah La byl zjistén v mechu
u Mélniku a na tfech mistech jizni Moravy. Uzemi u Mélniku je ovliviiovano spadem popilku z provozu uhelné elektrarny,
oblast jizni Moravy je ovliviiovana vysokymi hladinami spadu erodovanych ¢astic z mistnich pidnich pokryvi. Presto na
90 % tizemi CR byly namé&feny v mechu nizké hodnoty La odpovidajici regionalnim pozad'ovym trovnim.

Casové a prostorové zmény 2000-2005

Velmi podobné rozlozeni obsahu La v mechu v roce 2000 a 2005 ukazuji pfislusné izoliniové mapy. Piesto diive zjisténé
ohnisko hromadéni La na jizni Moravé bylo zna¢né redukovano v roce 2005 v diisledku nizsi intenzité vétrné eroze pud bé-
hem vlh¢iho roku 2005. Naopak slaby nartist obsahu La v mechu u Mostu a Kadané souvisi se zvySenou prasnosti v dtisled-
ku zvyseni rozsahu zemnich praci a snad i zvySovanym vykonem uhelnych elektraren.

3.1.18 Li- lithium

Aktudlni rozloZeni obsahu lithia v mechu

V roce 2005 byl zji$tén obsah lithia v mechu mezi 0,14 a 2,33 pg.g”, pfiCemz nejvyssi obsah, prekracujici 1,30 pg.g, byl
naméfen u vzorkl mechu od Mostu a Znojma. Vysoka depozi¢ni tiroveni zemniho prachu a elektrarenskych popilkt v disled-
ku tézby, dopravy a spalovani uhli na Mostecku a vysoké spady erodovanych pidnich ¢astic na Znojemsku jsou toho pfici-
nou. Tézba a primyslové spalovani hnédého uhli vyvolavaji také zvySeni obsahu Li v mechu v krajich UL, KV a zapadni ¢as-
ti SC kraje. Podobné vysoka primyslova prasnost na Frydeckomistecku a piidni pragnost na Olomoucku je pfi¢inou zvysené
kontaminace mechu Li na t&chto mistech. Zhruba viak na 85 % tzemi CR byl v mechu zji§tén maly obsah Li odpovidajici
hodnotam aktualnich regionalnich pozadi niz§im nez 0,50 pg.g™'.

Casové a prostorové zmény 2000-2005

Porovnani map distribuce obsahu Li v mechu v roce 2000 a 2005 neukazuje na zadnou podstatnou zménu v rozlozeni Li
v mechu na uzemi CR s vyjimkou zeslabeni dfive zjisténého ohniska na jizni Moravé (Kyjov). Pokles je zptisoben pravdépo-
dobné v soucasnosti mensi trovni spadu erodovanych pudnich ¢astic v tomto Gizemi. Mapy ukazuji 1 aktualné slabé zvyseni
pozad’ovych obsahii Li v mechu v jihozapadnich Cechéch a naopak slaby pokles v severovychodnich Cechach a na severoza-
padni Moravé v disledku zmén trovné regionalniho spadu prachovych a ptidnich ¢astic. Statistické hodnoceni zobrazenych
zmén v obsahu Li v jednotlivych krajich poskytuje Tab. 21.

3.1.19 Mn — mangan

Aktudlni rozloZeni obsahu manganu v mechu

Obsah manganu v mechu v roce 2005 kolisal v Sirokém rozpéti 34—1813 pg.g"' podobné jako v roce 2000 (35-1850 pg.g™).
Nejvyssi obsah Mn opakované vykazoval mech na monitorovaci plose u Bohdance pravdépodobné v disledku kontaminace
mechu nadloznim humusem nebo opadem, kam se Mn dostava z ptidniho pokryvu a bioakumulaci dfevinami nebo z mistnich
prament pravdépodobné se zvySenym obsahem Mn. Druhé misto vysokého hromadéni Mn je okoli Mostu, kde mimo zdroje
geogenniho Mn mize plsobit i zvySeny spad Mn z prumyslovych zdroji (uhelna topenisté, metalurgicky primysl). Zvyseny
obsah Mn byl zjistén u Stiibra, Pelhfimova a Berouna, kde se nejspise jedna o disledek kontaktu mechu s nadloznim humu-
sem nebo pudou, napf. vlivem bioturbace. Na Berounsku ptisobi vysoké tirovné spadu prachu uvoliiovaného pii tézbé suro-
vin a vyrobé vapna a cementu. Piesto na zhruba 90 % tzemi CR mech vykazoval relativn& nizky obsah Mn odpovidajici re-
gionalnim pozad’ovym hodnotam zhruba do 700 pg.g™.

Casové a prostorové zmény 2000-2005

Byl opakované potvrzen vysoky nebo zvyseny obsah Mn v mechu u Bohdance, Mostu, Kladna, Berouna a Stiibra v letech
2000 a 2005. Mapy distribuce obsahu Mn v mechu ukazuji na souc¢asny jeho pokles na odbérovych plochach u Boskovic, Ta-
bora, Vys$siho Brodu, Zalesi a Breclavi nejspise v disledku snizené urovné spadu humusovych a piidnich ¢astic vyvolané pi-
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sobenim aktualnich mistnich klimatickych podminek. Vliv thrnt destovych srazek za obdobi let 2003—2005 na obsah Mn
v mechu je hodnocen v Kap. 3.5.2.

3.1.20 Mo — molybden

Aktudlni rozloZeni obsahu molybdenu v mechu

Obsah molybdenu v mechu byl v soucasné dob¢ zjistén ve variaénim rozpéti 0,076-0,490 pg.g'. Zvysené hromadéni Mo
v mechu bylo zjisténo u Rumburku a Dé€ina, pravdépodobné v diisledku plisobeni emisnich zdrojti z metalurgickych a stro-
jirenskych zavodi. Podobné zjisténé zvyseni obsahu Mo v mechu u Kladna, Komarova, Ttince a Frydku Mistku souvisi
s provozem zavodd metalurgického priimyslu, napt. produkci a zpracovanim teplu odolnych oceli. Emise Mo ze spalovani uhli
v tepelnych elektrarnach a vysoka prasnost doprovazejici t¢zbu a dopravu uhli zvysSuji obsah Mo v mechu u Frydlantu, Mos-
tu a Kadang. Relativné nizky obsah Mo v mechu, odpovidajici regionalnim pozad’ovym hodnotam do 0,20 pg.g, byl zjistén
na zhruba 70 % tzemi CR.

Casové a prostorové zmény 2000-2005

Izoliniové mapy distribuce obsahu Mo v mechu na tizemi CR z roku 2000 a 2005 se velmi podobaji s tim, Ze mirny nardst
obsahu Mo v mechu byl v roce 2005 zobrazen v krajich UL, LI, SC a PL a zietelny pokles v oblasti severozapadnich Cech
ana jizni Moravé. Diivodem je kolisani vlivu regiondlniho klimatu kontrolujiciho erozi a §ifeni primyslového a ptidniho pra-
chu. Popfipad¢ 1ze uvazovat i zmény depozi¢nich trovni Mo pfichazejiciho od vzdalengjSich emisnich zdrojli v sousednich
zemich. Vliv vybranych proménnych charakteristik krajiny, které vyznamné kontroluji obsah Mo v mechu v CR, je diskuto-
van v Kap. 3.5.

3.1.21 N —dusik

Aktudlni rozloZeni obsahu dusiku v mechu

Aktualni obsah celkového dusiku v mechu dosahoval na tizemi CR v roce 2005 rozpéti 6769-22970 pg.g”'. Oblasti vyso-
kého obsahu N v mechu byly zjistény v primyslovych oblastech mezi Mostem a Louny a mezi Hradcem Kralové, Svitavami
a Ceskou Tiebovou a v intenzivné zemé&d&lsky vyuzivané oblasti jizni Moravy mezi Uherskym Brodem, Hodoninem a Poho-
felicemi. ZvySeny obsah N byl také zjistén v mechu na Frydeckomistecku, Karvinsku, Litoméficku, Plzerisku a piekvapivé
i v pfevazng lesnaté oblasti Jesenikii. Zdrojem reaktivniho N v uvedenych oblastech jsou spalovaci procesy v prumyslovych
topenistich a automobilovych motorech a uvolfiovani slou¢enin N z hnojenych zeméd¢lskych pud a z velkochovt hospodar-
skych zvifat. Pfi¢iny zvySené¢ho hromadéni N v mechu v Jesenikach nejsou znamy. Rozlehlejsi oblasti s malym obsahem cel-
kového N v mechu byly zjistény v krajich KV, CB a ¢aste¢né v PU, JI a OL.

Casové a prostorové zmény 2000-2005

Mapy rozloZeni obsahu celkového N v mechu na tizemi CR ukazuji, Ze nedoslo k vyznamng&j§i zméné v rozlozeni obsa-
hu N v mechu v letech 2000 a 2005. Opakované byly identifikovany stejné oblasti vysokého a zvySeného obsahu N v mechu
s tim, Ze v roce 2005 v nékterych ohniscich doslo k poklesu obsahu N. SniZzeny obsah N az na regionalni uroven byl zjistén
na Gzemi ¢asti kraji SC, PU, OL a JI snad v dusledku snizujici se zeméd¢lské produkce. Nejednoznaény kratkodoby trend
(kolisani) urovn& mokré depozice N v CR ukazuiji i data z mé&Ficich stanic (http://www.chmi.cz/uoco/isko/tab roc/2005 enh/
cze/index.html).

3.1.22 Nd — neodym

Obsah neodymu v mechu na uzemi CR byl zjistovan v roce 2005 poprvé, proto nasleduji struéné charakteristiky toho-
to prvku podobné jak byly v predeslych zpravach uvadény pro ostatni prvky sledované v biomonitorovacich programech
v CR.

Prvek vzacnych zemin Nd se vyskytuje v piirodé v sedmi izotopech, z nichZ ** Nd je radioaktivni s dlouhym polo¢asem
rozpadu. Nd se nevyskytuje v ryzi formé, ale je rozptylen hlavné ve vyvielych horninach nebo spolu s ostatnimi prvky vzac-
nych zemin tvoii mineraly jako napf. monazit, bastnaesit, allit, xenotim aj. Horni zemska ktira obsahuje primérné Nd v kon-
centracich kolem 27 mg.kg. U nas byl uvadén zvyseny obsah Nd v fi¢nich a poto¢nich sedimentech v Ceském masivu, Ji-
zerskych horach a podél ¢esko-rakouské hranice (Salminen et al. 2005).

Nd neni esencialnim prvkem pro zadnou skupinu organismi, i kdyz mtize v biologickych systémech nahrazovat pozice
vapniku. Typické koncentrace Nd v rostlinach neptekracuji 1 mg.kg' a nejvice Nd obsahuji vétSinou nadzemni ¢asti rostlin
s vyjimkou plodd, kde jsou hodnoty Nd naopak nejnizsi.

Primyslové se Nd mize vyuzivat pro barveni skla, vyrobu optickych pfistroji a laserti pro 1ékatské ucely, specidlni sli-
tiny a silné magnety. Cisty Nd drazdi pokoZku a sliznice a vdechovéni jeho prachu vyvolava podrazdéni plic. Stejné jako
u ostatnich prvkid vzacnych zemin se udava mald az stfedni toxicita Nd, ale preventivné pii kontaktu s Nd se doporucuje do-
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drzovat pravidla predb&zné opatrnosti pro manipulaci s velmi toxickymi materialy. V CR nejsou evidovany Zadné primys-
lové zdroje Nd.

Aktudlni rozloZeni obsahu neodymu v mechu

Obsah Nd v mechu byl zji$tén ve variacnim rozpéti 0,129-1,58 pg.g'. Aktualn€ nejvyssi obsah Nd byl zjistén v mechu
z monitorovaci plochy od Mostu a Kadang. Vzorky byly evidentné ovlivnény vysokym spadem prachovych ¢astic uvoliiova-
nych pfi tézbé, pteprave a spalovani uhli v mistnich tepelnych elektrarnach. Ohnisko vysoké akumulace Nd v mechu na jizni
Moravé u Pohotelic evidentné souvisi s vysokym lokalnim spadem erodovanych ptdnich ¢astic z mistnich ptidnich pokryva
na flySovych sedimentech. Podobné byl zvySenym spadem pidniho prachu kontaminovan mech na odbérové plose v lesiku
mezi poli u Pferova. Provoz tepelné elektrarny a zvySena hladina depozice pudnich ¢astic zpusobila zvysenou akumulaci Nd
v mechu u Mé&lniku a Litoméfic. Asi na 80 % uzemi CR mech obsahoval malé mnozstvi Nd, které odpovida regionalnim po-
zad’'ovym hodnotam, pfi¢emz nejnizsi obsah Nd v mechu byl zjistén v krajich HK, PU, JI, CB, PL a LI.

Casové a prostorové zmény 2000-2005
Protoze v minulych biomonitorovacich programech nebyl Nd v mechu na izemi CR sledovan, kratkodoby ani dlouhodo-
by trend v obsahu Nd v mechu u nas neni znam.

3.1.23 Ni — nikl

Aktudlni rozloZeni obsahu niklu v mechu

Soucasny obsah niklu v mechu byl zji$tén v intervalu od 0,524 do 4,94 ng.g'. Nejvyssi obsah Ni vykazoval mech na moni-
torovaci ploSe u Dukovan na hadcovych skalach a pravdépodobné souvisi s vysokym obsahem niklu v horniné. Mech byl na
této lokalité kontaminovan bud’ pfimo erodovanymi ¢asticemi z mate¢né horniny nebo prostfednictvim nadlozniho humusu,
ve kterém je Ni nejvice adsorbovan. Stejné vysvétleni ma i zvySeny obsah Ni zjistény na nové lokalité 70-01 na hadcovych
skalach u Marianskych Lazni. Stfedné zvySené koncentrace Ni vykazoval mech v severoceském hnédouhelném reviru, a také

v

obsah Ni byl zji§tén u vzork mechu z jiznich a severovychodnich Cech a na zapadni Moravé.

Casové a prostorové zmény 2000-2005

Porovnani izoliniovych map distribuce Ni v mechu z roku 2000 a 2005 ukazuje na aktualni pokles obsahu Ni v mechu
na vétsing uzemi CR. Doslo k podstatnému zeslabeni ohnisek jeho hromadéni v severozapadnich Cechach i na jizni Moravé
a pokles obsahu Ni v mechu byl zjiitén také v dalsich oblastech CR. Piesto statisticky vyznamny byl jen pokles Ni v mechu
pro kraj LT a HK (Tab. 21). Na snizeni akumulace Ni v mechu se podili pokles vyroby v metalurgickych zavodech a ptede-
v§im snizena depozice erodovanych ptudnich pokryvi v disledku vlhéiho roku 2005. Odpovidajicim zptisobem doslo k roz-
Sifeni zén nizkého, pozad’ového obsahu Ni v mechu. Aktualni kontaminace mechu na odbérové plose u Dukovan je nahodné
a v pfedchozich biomonitorovacich programech nebyla zjisténa. V celkovém souboru dat obsah Ni v mechu koreloval statis-
ticky vyznamné s vyskytem bazickych vyvielych hornin (11 pfipadit) poprvé v roce 2005 (Kap.3.5.4). Chemicky potencial
matec¢nych hornin ovliviiuje obsah prvkd v mechu nepfimo prostiednictvim aktualnich vlivi prostiedi (pocasi, svazitost, bi-
oturbace nadlozniho humusu a minerdlniho podlozi atp.)

3.1.24 Pb — olovo

Aktudlni rozloZeni obsahu olova v mechu

Zjistény obsah olova v mechu kolisal ve varia¢nim rozpéti 1,31-63,1 pg.g™' a pouze u Piibrami bylo zjisténo jediné mis-
to v CR s vysokym obsahem Pb v mechu. Diivodem je provozovani mistni kovohuté specializované na recyklaci Pb. Zvyse-
ny obsah Pb vykazoval mech na severovychodni Moravé mezi Frydkem Mistkem, Karvinou a Tfincem, coz odrazi pusobeni
emisi Pb z provozl nezelezné metalurgie a vyroby akumulatorti. Slabé zvysené hromadéni Pb v mechu bylo zjisténo na né-
kolika mistech podél ¢asti severni statni hranice pravdépodobné z divodu vlivu emisi z provozl barevné metalurgie ptisobi-
cich v jiznim Polsku. Zhruba na 95 % uzemi CR byly zjistény v mechu jen relativné nizké koncentrace Pb odpovidajici regi-
onalnim pozad’ovym hodnotam pod 10 pg.g.

Casové a prostorové zmény 2000-2005

Izoliniova mapa rozlozeni Pb v mechu na tizemi CR v roce 2005 se podstatngji nelisi od stejné mapy pro data z roku 2000.
V roce 2005 vsak doslo ke zvySeni obsahu Pb na monitorovaci plose u Pfibrami pravdépodobné z divodu zvysené produk-
ce kovohuté. Na zbylém tizemi CR mapy ukazuji mirny pokles obsahu Pb v mechu, i kdyZ vykony emisnich zdroji Pb v CR
jsou od roku 2000 prakticky stabilni. Pravdépodobné se projevuje snizeni emisi vzdalengjsich pramyslovych zdroju a cel-
kového regiondlniho snizeni atmosférického spadu Pb ve stfedni Evropé€. Statisticky vyznamné snizeni obsahu Pb v mechu
v roce 2005 proti roku 2000 bylo zjiiténo v 5 krajich CR. Trvaly pokles obsahu Pb v mechu na uzemi CR probihé od roku
1991 (Kap. 3.6.2).
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3.1.25 Pr— prazeodym

Aktudlni rozloZeni obsahu prazeodymu v mechu

Aktualni obsah prazeodymu v mechu byl zjistén v rozmezi 0,034-0,418 pg.g'. Na 4 mistech byl zjistén relativné vyso-
ky obsah Pr, ktery pfekradoval hodnotu 0,25 pg.g!. Stejné jako u vétsiny dalsich sledovanych zastupcti prvkt vzacnych ze-
min nejvyssi obsah Pr byl naméfen u vzorki z monitorovacich ploch u Mostu a Kadané. Divodem byly vysoké Grovné spa-
du ptdnich ¢astic a popilku uvoliiované vlivem tézby, dopravy a spalovani hnédého uhli v mistnich uhelnych elektrarnach.
Dalsi oblasti vysokého hromadéni Pr v mechu u Pohotelic a Pferova jsou charakterizovany vysokou urovni atmosférické-
ho spadu erodovanych pudnich ¢astic z okolnich rozlehlych poli. Zvyseny obsah Pr byl také zjistén u mechu z okoli Mél-
niku a Litoméfic. Divodem je provoz uhelné elektrarny a zvySena troveni spadu i erodovanych ptidnich ¢astic. Na zbylych
asi 90 % rozlohy CR koncentrace Pr v mechu nedosahovala hodnoty 0,12 pg.g", coz odpovida tirovni aktualniho pozad'o-
vého obsahu.

Casové a prostorové zmény 2000-2005

Priibéh distribuce Pr v mechu na izemi CR je zobrazen na izoliniovych mapach velmi podobné pro rok 2000 a 2005. Nic-
méné, rozsahlé ohnisko na jizni Moravé zjisténé pied 5 lety, bylo v soucasné dobé znaéné redukovano vlivem snizeni tirov-
né spadu erodovanych pidnich ¢astic béhem vlhkého roku 2005 a vybérem vhodnéjsich mist pro odbér vzorkd mechu (Iépe
chranénych stromy pied kontaminaci piidnim prachem). Naopak slabé zvyseni obsahu Pr v mechu u Mostu a Kadané¢ bylo
zpusobeno lokalné a mistné zvysenou prasnosti zemnich praci, pfi t&€zbé, piepravé a primyslovém spalovani uhli. Aktualni
zmény Grovné regionalni prasnosti vedly k mirnému zvyseni pozad'ovych obsahii Pr v mechu v zapadnich Cechéach a pokle-
su na zépadni Morave.

3.1.26 Rb — rubidium

Aktudlni rozloZeni obsahu rubidia v mechu

Zjistény obsah Rb v mechu kolisal mezi 2,95 a 101 pg.g'. Nejvyssi obsah Rb piekracujici 90 pg.g! byl naméien ve vzor-
cich mechu od Marianskych Lazni, Jevan, Nové Bystfice a Ri¢ek v Orlickych horach. Zvyseny obsah Rb byl zji§tén v mechu
témet ve vSech horskych oblastech Ceského masivu (Orlické hory, Krkonose, Jizerské hory, Krusné hory, Sumava, Novo-
hradské hory, Kralicky Snéznik a jizni ¢ast Ceskomoravské vrchoviny) a u Sedlec-Préice. Ptivod Rb v mechu je geogenni, do
mechu pfechdzi z matecnych hornin lokalné obohacenych napf. o zivce s vysokym obsahem Rb. Bioturbaci zvétralych hor-
nin a bioakumulaci do opadu se Rb adsorbuje ve vétsim mnozstvi na nadlozni humus. Erozi nebo bioturbaci se ¢astice opadu
a humusu dostavaji do kontaktu s mechem, ktery adsorbuje ast Rb. Asi na 75 % tizemi CR vsak nebylo zjiiténo hromadéni
Rb nad troveii obsahu regionalniho pozadi do 30 nug.g'.

Casové a prostorové zmény 2000-2005

Porovnani vysledki z roku 2000 a 2005 ukazuje, ze v roce 2005 byly zjistény vysoké koncentrace Rb v mechu na stejnych
mistech jako v roce 2000, ovSem velikost a intenzita jednotlivych ohnisek se zfejme ménila podle aktudlni miry kontaminace
mechu nadloznim humusem a opadem. Izoliniova mapa aktualni distribuce obsahu Rb v mechu ukazuje spiSe na mirny po-
kles, v Krusnych horach a okoli Nového Mésta na Moravée byl pokles vyrazny. Aktudlni obsah Rb v mechu ziejmé kontrolu;ji
mistni faktory prostiedi (srazky, vitr, bioturbace), které v daném obdobi na lokalité pisobi. Distribuce a velikost zon s poza-
d'ovymi hodnotami Rb v mechu se mezi roky 2000 a 2005 vyznamnéji nezménily.

3.1.27 S —sira

Aktudlni rozloZeni obsahu siry v mechu

Aktualni obsah celkové siry v mechu dosahoval varianiho rozpéti 756-1970 ug.g!, piiemz nejvys$si obsah S byl zjistén
u Mostu, Hodonina, HruSovan nad JeviSovkou a Frydku Mistku. Mech na Mostecku a Fydeckomistecku je ovliviiovan vyso-
kymi depozicemi sloucenin siry z primyslovych topenist’, zatimco u HruSovan nad JeviSovkou jde predevsim o vliv depozi-
ce erodovanych Castic pidnich pokryvil na sedimentech s vysokym obsahem sirant a u Hodonina ma rozhodujici vliv zvy-
Send depozice erodovanych pudnich ¢astic doplnéna emisemi z priumyslovych topenist’ (napt. elektrarna Hodonin). Zvysené
hromadéni S v mechu bylo zaznamenano hlavné mezi Mélnikem a Kladnem, Hradcem Kralové a Pardubicemi, u Ostravy
a Nydku. Divodem je piedevsim pusobeni emisi z primyslovych topenist’ (elektrarny, teplarny, metalurgicky pramysl). Re-
lativné nizky pozad'ovy obsah S v mechu do 1300 pg.g"' byl zjitén na asi 80 % uzemi CR.

Casové a prostorové zmény 2000-2005

Porovnani izoliniovych map distribuce S v mechu v CR pro rok 2000 a 2005 ukazuje podobny obraz, ale intenzita ohnisek
zvySené akumulace S v mechu byla r. 2005 niz$i hlavné na jizni Morave, u Zabiehu a Pardubic a naopak vyssi u Mostu, M¢l-
niku a Slaného v disledku odpovidajicich lokalnich zmén Grovni spadu imisi pivodem z pramyslovych topenist’ a erodova-
nych pudnich ¢astic. [zoliniova mapa pro rok 2005 ukazuje i rozsiteni zony vyskytu mechu s nizkym pozad’ovym obsahem
S v krajich PU, OL, BN a ZL. V celostatnim primeéru byl zjistén od r. 1991 stale se snizujici obsah S v mechu.
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3.1.28 Sb — antimon

Aktudlni rozloZeni obsahu antimonu v mechu

Obsah antimonu v mechu byl v sou¢asné dob¢ zjistén v rozsahu 0,041-1,73 pg.g' a jeho nejvyssi akumulace byla zjiste-
na u Pfibrami. Emise Sb z ¢innosti kovohuté Ptibram jsou pfi¢inou existence tohoto u nas nejvétsiho ohniska velmi vysoké
koncentrace Sb v mechu. Na vlozené izoliniové map¢ aktudlni distribuce Sb je zobrazen zvySeny obsah Sb v mechu pro tze-
mi mezi Prahou a Rakovnikem, v Luzickych a Jizerskych horach, u Pfimdy, Nachodu a Ostravy. Nartst obsahu Sb v mechu
mize indikovat nartist emisi Sb z primyslovych topenist’, zavodl nezelezné metalurgie a v okoli méstskych a primyslovych
aglomeraci z automobilové dopravy. Na pfiblizné 80 % tizemi CR obsah Sb v mechu dosahoval nizké trovné regionalnich
pozadi pod 0,20 pg.g™'.

Casové a prostorové zmény 2000-2005

Ve srovnani s rokem 2000 doslo v soucasné dob¢ k rozsifeni a zesileni vlivu ohniska u Ptibrami odrazejicimu pravdépo-
dobné zvysené mnozstvi zpracovavaného Sb v kovohuti. Mirné zvyseni obsahu Sb proti roku 2000 bylo zjiSténo téméf ve
viech krajich (LI, UL, KV, PL, SC, HK a OV) mimo jizni Cechy a jizni Moravu. Diivodem miZe byt znaény nartist automo-
bilové dopravy hlavné v primyslovych oblastech. Statisticky vyznamny nartst obsahu Sb v mechu byl zjistén pro 8 admi-
nistrativnich kraja (Tab. 21).

3.1.29 Se — selen

Aktudlni rozloZeni obsahu selenu v mechu

Obsah selenu v mechu byl v sou¢asné dobé zjistén v rozmezi 0,08—1,51 pg.g!, nejvyssi obsah byl zaznamenan u mechu
z okoli Teplic a Loun v disledku pisobeni emisi z metalurgickych provozl a tepelnych elektraren. Zvyseny obsah Se vyka-
zoval mech v kraji UL a LI a z ¢asti ve SC, OV a HK. Hlavni emisni zdroje pfedstavuje provoz tepelnych elektraren, zavo-
di metalurgického, sklaiského a chemického primyslu. Na zbyvajicich 80 % tizemi CR byl obsah Se v mechu maly pod
0,2 pg.g’l, coz odpovida regionalnimu pozad’ovému obsahu Sb v mechu.

Casové a prostorové zmény 2000-2005

Izoliniové mapy distribuce Se v mechu na tizemi CR ukazuji velmi podobny obraz pro rok 2000 a 2005. Stejna poloha
hlavniho ohniska u Teplic byla opakované identifikovana, jeho intenzita vSak v roce 2005 zesilila. Ve srovnani s rokem 2000
doslo i ke zvySeni obsahu Se v mechu u Loun, Mostu, Kadan¢, Nového Boru a Harrachova (zvySeni produkce elektraren
a sklaren), naopak k poklesu obsahu Se v mechu doslo v krajich HK a PU (pokles hutni a strojirenské vyroby). Regionalni
pozad'ové hodnoty Se v mechu mirné vzrostly v jihozapadnich Cechach a klesly na severni a jihozdpadni Moravé. Statistic-
ky vyznamny pokles byl viak potvrzen pouze v HK kraji. V celostatnim priméru je od roku 1991 pozorovan v CR pokradu-
jici trend poklesu Se v mechu.

3.1.30 Sn —cin

Aktudlni rozloZeni obsahu cinu v mechu

Obsah cinu v mechu byl zjistén mezi 0,095 a 1,70 pg.g!, pti¢emz nejvys$si mnozstvi Sn bylo zjisténo v mechu na moni-
torovaci plose u kovohuté v Pfibrami. Koncentrace Sn v mechu piekracujici 0,50 pg.g™! byly naméteny u Varnsdorfu, Krup-
ky a Litvinova v dusledku zvySenych depozi¢nich urovni imisi pochazejicich z provozu slévaren, sklaren, strojniho pramys-
lu a vyroby impregnovaného bytového textilu. ZvySeny obsah Sn byl zaznamendn v Krus$nych horach, Luzickych horach a
Jizerskych horach, v Broumovské vrchoving, v okoli Ostravy a Pfimdy. Vliv potencialnich pfirozenych zdroju, napt. zrud-
néni v Krusnych horach, je ziejmé maly ve srovnani s vlivy pramyslovych emisnich zdrojt z metalurgického, strojirenské-
ho a sklafského primyslu a z primyslového spalovani uhli. Pravé zvyseni piijmu Sn mechem u Pfimdy mutize byt zpisobeno
kontaminaci mechu humusem s adsorbovanym Sn z podloZzi nebo bioakumulovaného Sn z opadu v mistech vyssiho obsahu
Sn v podlozi. Na vétsin& izemi CR, zhruba na 90 %, hodnoty Sn v mechu nepiesahovaly 0,30 pg.g", coz jsou hodnoty bliz-
ké regionalnimu pozadi.

Casové a prostorové zmény 2000-2005

Srovnani vlozené izoliniové mapy Sn s izoliniovou mapou distribuce Sn v mechu pro rok 2000 (Suchara et al. 2007a) uka-
zuje na velmi podobnou distribuci Sn. Piesto je patrny aktudlni pokles vlivu zelezaren Hradek na obsah Sn v mechu. Domi-
nantnim zdrojem vysokych spadi Sn zistava kovohut’ Piibram. Aktualné mirné€ zvyseny obsah Sn vykazuji vzorky mechu
z horskych oblasti kraji KV, UL, LI, a HK snad v disledku zvySeni emisi Sn z domécich a blizkych zahrani¢nich primys-
lovych topenist. Na druhé strané v soucasnosti doslo k poklesu obsahu Sn v mechu v kraji PU a OV nejspise jako dusledek
snizovani produkce lokélnich primyslovych provozii. Na vice nez poloviné tizemi CR nebyla zjiiténa zména v obsahu Sn.
Statistickd vyznamnost zmén distribuce Sn v mechu zobrazena na mapdach je diskutovana v Kap. 3.6.
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3.1.31 Sr— stroncium

Aktudlni rozloZeni obsahu stroncia v mechu

Aktualni varia¢ni rozpéti obsahu stroncia v mechu bylo zjisténo 3,72-58,3 pg.g!. Vysoky obsah Sr byl naméten v roce
2005 na nasledujicich 3 mistech: u Mostu, Podbofan a HruSovan nad JeviSovkou. ZvySeny obsah Sr byl stanoven v mechu
od Méstce Kralové. Slabé zvyseny obsah Sr vykazovaly vzorky mechu u Frydku Mistku, Uherského Hradisté a Zabtehu na
Moravé a nékolika jednotlivych monitorovacich plochach. V CR nejsou znamy primyslové zdroje Sr s vyjimkou spalovéni
uhli v primyslovych topenistich. Zvyseni akumulace Sr v mechu u Mostu a Frydku Mistku je zptsobeno zvysenou trovni
spadu erodovanych pudnich ¢astic z pud vzniklych nejcastéji na vapnitych substratech a primyslového prachu véetné popil-
ku ze spalovani uhli. Ostatni jmenovana mista jsou ovlivnéna vysokou trovni spadu pudnich ¢astic, popf. prasnosti z t€zby
a zpracovani surovin, napi. vapence (u Zabtehu na Morave). Nejvyssi hodnoty pozadi Sr vykazovaly vzorky hlavné z kra-
jti UL, BN a ZL. Na zhruba 75 % tzemi CR mech obsahoval Sr v mnozstvi pod 12 pg.g', coz by mohl byt obsah Sr charak-
terizujici aktudlni regiondlni pozadi.

Casové a prostorové zmény 2000-2005

Srovnani izoliniovych map pro rok 2000 a 2005 ukazuje velmi podobny obraz distribuce obsahu Sr v mechu a stejné po-
lohy nejvyznamnéjsich ohnisek hromadéni Sr v mechu v severozapadnich Cechéch a na jizni Moravé. Piesto v roce 2005 by-
la zjisténa nova ohniska vysokého obsahu Sr v mechu v severovychodnich Cechach a na severni Moravé vyvolané lokalnim
zvy$enim spadu erodovanych pudnich a prachovych ¢astic. Ze stejného diivodu doslo v roce 2005 k mirnému zvyseni obsa-
hu Sr v mechu v okrajovych ¢astech severovychodni Moravy a poklesu obsahu Sr v mechu ve stfedni ¢asti Moravy. Statistic-
ka vyznamnost zmén zobrazenych v mapéach byla hodnocena na urovni administrativnich kraji v Kap. 3.6. Evidentné zmé-
ny distribuce Sr v mechu kontroluje depozi¢ni uroven erodovanych ptidnich ¢astic, ktera zavisi na klimatickych podminkach
daného obdobi a ¢innosti ¢lovéka v krajiné (napf. t€¢zba surovin, spalovani uhli, zemni prace).

3.1.32 Th — thorium

Aktudlni rozloZeni obsahu thoria v mechu

V soucdasné dob¢ byly zjistény hodnoty Th v mechu v rozmezi 0,039-0,363 pg.g™!, pfi¢emz nejvyssi mnozstvi Th obsaho-
val mech v severozapadnich Cechach a na stiedni a jizni Moravé. Vzhledem k absenci vyznamnych primyslovych zdroji Th
u nas (mimo prumyslové spalovani uhli), musime pocitat s jeho geogennim piivodem piedevsim ve formé erodovanych ¢as-
tic vychozi skal a jejich pudnich pokryvi. Vysoka uroven spadu erodovanych pudnich ¢astic vede ke zvySeni obsahu Th v
mechu u Hustopede a Pierova a v kombinaci s pragnosti pii t&b& uhli a jeho spalovanim u Mostu, Ustéku a Mélniku. Mirné
zvyS$eni obsahu Th v mechu u Harrachova, Dacic, Bechyné, Bilovce a n¢kolika mélo dal$ich mist je zptisobeno uvolnénim
Th z mate¢nych hornin do kolob&hu prvki lesniho ekosystému a akumulaci Th v nadloznim humusu, ktery erozi nebo bio-
turbaci mize kontaminovat mechové rostlinky. Regionalni koncentrace pozadi Th v mechu do 0,12 pg.g! byla zjisténa jen na
zhruba Gtvrting Gizemi CR, predeviim v severovychodni &asti statu.

Casové a prostorové zmény 2000-2005

Porovnani izoliniovych map rozlozeni obsahu Th v mechu v roce 2000 a 2005 ukazuje na vyrazné zeslabeni ohniska hro-
madéni Th v mechu na jizni Moravé v roce 2005 v disledku snizeni urovné depozice erodovanych ptdnich ¢astic ve srazkové
bohatsim roce 2005 a odbéru vzorkti mechu na mistech lépe chranénych stromy pfed kontaminaci prachem. Mech na moni-
torovaci plose u Ttebice s vysokym obsahem Th v roce 2000 nevykazoval v soucasné dobé zvyseny obsah Th v disledku ak-
tualné malé kontaminace erodovanymi pidnimi ¢asticemi nebo nadloznim humusem. Naopak v severovychodnich Cechach
doslo ke zvyseni obsahu Th v mechu proti roku 2000 z divodu antropogenniho zvyseni prasnosti regionu (nartist zemnich
praci, dopravy a mnozstvi spalovaného uhli). Ziejmé regionalni zvyseni spadu erodovaného opadu a humusu vedlo v roce
2005 i k mirnému zvy3eni pozad’ovych hodnot obsahu Th v mechu v zépadnich a jiznich Cechach. Naopak snizeni aktualni
urovné spadu humusu vedlo ke snizeni obsahu Th v mechu na severni a zdpadni Morav¢. Statistické hodnoceni vSak zjistilo
pouze jako vyznamné zvySeni obsahu Th v mechu pro kraj PL, UL a KV (Kap. 3.6).

3.1.33 TI—thallium

Aktudlni rozloZeni obsahu thallia v mechu

Zjistény aktualni obsah thallia v mechu se pohyboval mezi 0,011 a 0,495 pg.g'!, pticemz nejvy$si obsah piesahujici
0,250 pg.g' byl zjistén ve vzorcich mechu z oblasti kitidovych piskoveti od Hienska, D&¢ina a Teplice nad Metuji. Primyslo-
vé zdroje T1 v okoli téchto mist nebyly zjistény, predpoklada se proto geogenni piivod T1. V mistech zvySeného nahromadéni
T1 v podlozi se dostava do pudnich pokryvu, které se ¢astecné misi s nadloznim humusem. Zaroven je TI pfijimano stromy
a opadem piechazi do nadlozniho humusu. Napf. bioturbaci nebo vétrnou erozi opadu a humusu dochézi ke kontaminaci
mechu. Z podobného diivodu byl lokalné zaznamenan zvySeny obsah T1 v mechu na jednotlivych monitorovacich plochach
u Zlatych Hor, Karviné, Ceské Lipy, Marianskych Lazni, Zelezné Rudy, Jevan, 7d4ru nad Sazavou a n&kolika dalgich mis-
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tech napt. v Krkonosich aj. Pfesto na zhruba 90 % tizemi CR obsah T1 v mechu byl nizky a dosahoval regionélnich pozad'o-
vych trovni pod 0,04 pg.g*.

Casové a prostorové zmény 2000-2005

Izoliniové mapy distribuce obsahu T1 v mechu ukazuji relativné stalé rozloZeni obsahu T1 v mechu na tizemi CR v letech
2000 a 2005. Hlavni ohnisko akumulace T1 v mechu u Hienska bylo identifikovano opakované i v roce 2005. Nov¢ bylo v ro-
ce 2005 zjisténo centrum hromadéni T1 v mechu u Teplice nad Metuji, kde se ziejmé mech dostal do kontaktu s opadem ne-
bo humusem s vysokym obsahem T1. Ze stejnych diivodd bylo nové zjisténo zvyseni obsahu T1 na nékolika monitorovacich
plochach v KV, CB a JI kraji. Mapy ukazuji i mirny pokles pozad'ovych koncentraci Tl v mechu pievazné na uzemi Cech
z divodu snizeni regionalni urovné spadu erodovanych ¢astic humusu, pidy nebo skalnich vychozii. Statistické hodnoceni
dat vSak zjistilo pouze vyznamné zvySeni obsahu Tl v mechu v roce 2005 pro kaj SC a KV (Tab. 21).

3.1.34 U- uran

Aktudlni rozloZeni obsahu uranu v mechu

Aktualni variaéni rozpéti obsahu uranu v mechu dosahovalo 0,010-0,247 pg.g'. Vysoky obsah piekracujici 0,12 pg.g! byl
zjistén u Kotenova, Chomutova, Broumova, Nové Bystfice a Pohotelic. Pfi¢inou vysokého hromadéni U v mechu u Pohote-
lic je vysoka uroven spadu erodovanych ptdnich ¢astic, u Chomutova jesté doprovazena spadem popilku z komint a popil-
kovych ulozist’ mistnich elektraren. Na zbyvajicich lokalitach se vyskytuje v mate¢nych horninach zvyseny obsah U, ze kte-
rych se kolobéhem latek dostava do nadlozniho humusu. Erozi nadloznich organickych horizontii nebo bioturbaci dochazi ke
kontaminaci mechu a piestupu &asti U do mechu. Zvysené koncentrace U byly zjistény na jednotlivych plochach u Ceské Li-
py, Roudnice nad Labem, Kladna, Ostrova, Veseli nad Luznici, Jemnice a Pferova. Diivodem je zvySeny spad erodovaného
humusu nebo piidnich ¢astic z pokryvi podlozi, ve kterém je zvySeny obsah U, popf. prachu v primyslovych oblastech. Pies
&asto vysoky obsah slouéenin U v nasich horninach a ptidnich pokryvech, na 75 % tizemi CR obsah U v mechu nepiekroéil
hodnoty regionalniho pozadi pod 0,04 ng.g™.

Casové a prostorové zmény 2000-2005

Nejvétsi ohnisko vysokych hodnot U v mechu bylo opakované zjisténo na jizni Moravée v roce 2000 i 2005. Velikost a in-
tenzita tohoto ohniska zavisi na podminkach kontrolujicich erozi a distribuci erodovanych ptdnich ¢astic do okoli. Proti roku
2000 doslo naopak k zesileni ohnisek zvyseného obsahu U v mechu u Chomutova a Broumova v disledku zvys$ené prasnosti
v uhelném reviru a v aredlu byvalych uranovych dolt. Z izoliniovych map je patrné mirné zvyseni pozad'ovych koncentraci
U v jiznich a zapadnich Cechach a naopak sniZeni v severovychodnich Cechach a na Moravé. Statistické hodnoceni rozdili
obsahu U v ¢ase na Gizemi administrativnich kraji poskytuje Kap. 3.6.

3.1.35 V —vanad

Aktudlni rozloZeni obsahu vanadu v mechu

Mnozstvi vanadu obsazené ve vzorcich mechu bylo zjisténo v rozmezi 0,675-7,18 pg.g'. Nejvyssi obsah V piekracujici
5 pg.g! byl zjistén u Mostu, Kadané a Mélniku. Uvedené lokality jsou ovlivnény velkou prasnosti souvisejici s t€Zbou, trans-
portem a primyslovym spalovanim uhli v mistnich elektrarnach. Zvyseny obsah V vykazoval mech v okoli vy$e uvedenych
ohnisek, u Hustopece, Frydku Mistku, Rokycan, Pferova a podél statni hranice u Liberce. Pfi¢inami zvySeného hromadéni
V v mechu jsou vysoka uroven spadu erodovanych ptdnich ¢astic (Pferov a Hustopece), emise metalurgického primyslu
a prumyslové spalovani uhli (Rokycany, Frydek Mistek) nebo spalovani uhli v tepelnych elektrarnach (vliv polské elektrarny
Turdéw na Liberecku). Regionalni pozad'ové koncentrace V v mechu byly zjistény asi na 85 % tizemi CR, pii¢emz vyssi hod-
noty jsou v zapadnich Cechach a na severovychodni Moravé neZ na zbylém tzemi CR.

Casové a prostorové zmény 2000-2005

Byla zjisténa stejnd mista ohnisek hromadéni nejvyssich koncentraci vanadu v mechu, jejich uroven vsak byla pon¢kud
vyssi v severozapadnich Cechach a slabsi na jizni Moravé nez v roce 2000. Miize jit o vliv zvy3eni produkce elektraren a sni-
zeni eroze pudnich pokryvi na jizni Moravé v roce 2005. Oblast se zvySenym obsahem vanadu se zvétsila v roce 2005 v se-
verozapadnich Cechéch a sniZila v severovychodnich Cechéach a na vychodni Moravé. Diivodem je zvyseni pramyslovych
emisi vanadu v severozapadnich Cechach a sniZeni intenzity piidni eroze v severovychodnich Cechach a na stfedni a jizni
Moravé. Podobné doslo ke zvy3eni regionalnich koncentraci V u vzorkii mechu ze zapadni ¢asti Cech a ke snizeni na zapad-
ni a vychodni Moravé.

3.1.36 Y- yttrium

Aktudlni rozloZeni obsahu yttria v mechu
Aktualni obsah yttria v mechu byl zjistén v rozmezi 0,075-0,863 pg.g?!, pficemz nejvyssi obsah Y v mechu byl naméfen
v Severoceském hnédouhelném reviru s ohnisky nejvyssi akumulace u Mostu a Kadang€. Podobné jako distribuce ostatnich
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litofilnich prvku, zvySeny vyskyt Y v mechu odrazi velké depozi¢ni Girovné primyslového a ptidniho prachu v oblasti jako
dusledku tézby, transportu a primyslového spalovani uhli. Dal$im centrem hromadéni Y v mechu je oblast jizni Moravy, kte-
ra trpi velkou vétrnou erozi a vysokou atmosférickou depozi¢ni urovni pudnich ¢astic. Méné zietelna ohniska hromadéni Y
v mechu byla zjisténa u Mélniku a Prost&jova, kde se v prvnim ptipadé uplatiiuje vliv provozovani tepelné elektrarny a ptidni
prasnosti a v druhém piipade vyluéné vliv vysoké urovné spadu erodovanych pidnich ¢astic. Na monitorovaci plose u Tan-

vy

tény v oblasti Ceskomoravské vrchoviny.

Casové a prostorové zmény 2000-2005

Srovnani izoliniovych map distribuce Y v mechu v roce 2000 a 2005 ukazalo, ze v roce 2005 doslo k zesileni vlivu ohni-
sek v SeveroCeském hnédouhelném reviru a u Mélniku patrné v disledku zvyseni mnozstvi spalovaného uhli v mistnich elek-
trarnach. Naopak difve zna¢né velké centrum hromadéni Y na jizni Moravé bylo zfetelné zeslabeno v disledku sniZeni Girov-
né spadu erodovanych pudnich ¢astic ve vlhkém roce 2005. Podobné mech na monitorovaci plose u Krnova byl v roce 2000
znaéné ovlivnén vysokou hladinou spadu méstského prachu, oviem v soucasné dob¢ byl postizen spadem prachu velmi malo.
Naopak u Tanvaldu bylo v roce 2005 zjisténo nové ohnisko zvysené akumulace Y v mechu snad v disledku kontaminace me-
chu zvySenym spadem erodovanych ¢astic humusu nebo bioturbaci lesni hrabanky. Aktualni zvySeni regionalnich koncentra-
c¢i Y v mechu na jihozapadé Cech a snizeni na Ceskomoravské vrchoving souvisi s aktualni zménou regiondlni sedimentujici
prasnosti. Distribuce Y v mechu je ovliviiovana stejnymi faktory jako distribuce ostatnich typickych litofilnich prvka.

3.1.37 Zn — zinek

Aktudlni rozloZeni obsahu zinku v mechu

V soudasné dobé byl naméten obsah zinku v mechu ve varia¢nim rozpéti 20,9-98,8 pg.g'. Aktualngé byla zjisténa dvé oh-
niska vysokého hromadéni Zn v mechu, u Mostu a Frydku Mistku. Prvni misto je siln¢ ovlivnéno emisemi z provozovani
uhelnych elektraren, druhé misto emisemi z provozu metalurgickych zavodd. Zvyseny obsah Zn vykazoval mech z jihovy-
chodni Moravy, u Rokyan a na 7 individualnich monitorovacich plochach v CR. P¥i¢inou jsou emise z metalurgického prii-
myslu (Rokycany a severovychodni Morava). Vysoké a zvySené hodnoty Zn piekracujici 50 pg.g! byly zjistény v mechu na
asi 10 % tzemi CR.

Casové a prostorové zmény 2000-2005

Izoliniové mapy ukazuji velmi podobny obraz distribuce Zn v mechu v roce 2000 a 2005. Hlavni ohniska hromadéni Zn
v mechu (severozapadni Cechy, Piibram, jizni Morava) byla opakované identifikovana rovnéz v roce 2005, ale aktualni in-
tenzita byla zna¢n€ niz§i nez v roce 2000 (zvlasté u Ptibrami.) To mohlo byt zpisobeno mensi spotiebou Zn v kovohuti. Ma-
py také ukazuji na pokles pozad’ového obsahu Zn v mechu na vychodni Morave, coz souvisi se snizenou erozi a distribuci
humusovych ¢astic v lesich v roce 2005

3.2 Korelace koncentraci prvki

Statisticka analyza zjistila veét§i mnozstvi statisticky vyznamnych korelaci (p < 0.05) v obsahu prvka v analyzovanych
vzorcich mechu. Napft. byly zjistény velmi tésné a kladné korelace koncentraci jednotlivych lanthanoidi, jako Ce, La, Nd, Pr,
ThaY ap. (r>0.90), a nebo méné tésné kladné korelace litofilnich prvku, napt. Al, Ce, U a V (r = 0.65-0.90). To mize uka-
zovat na spole¢né emisni zdroje a zptisoby vstupu téchto prvkd do mechu. Jedny z nejtésnéjsich korelaci (r > 0.90) vykazo-
val obsah Fe, Ga a V. Podobné byly zjistény statisticky vyznamné a kladné korelace obsahti chalkofilnich prvkd, jako Ag, Bi,
Cd, Fe, Hg, In, Mo, Pb, S, Sn, Tl a Zn ¢asto emitovanych metalurgickymi provozy. Zatimco obsah Cs a Rb v mechu korelo-
val velmi tésné, jen vzacné jejich obsah vyznamné koreloval s obsahem jinych prvka (Be, Se a T1). Obsah biogenniho neko-
vového N vyznamné koreloval s obsahem S, Ag, Cu, Mo, U a Zn. Ve vzorcich mechu obsah Co koreloval vyznamné jen
s obsahem Bi a Mo. Obsah Mn mél tendenci zaporné korelovat s obsahem jinych prvkd, ale nebyla zjisténa zadna statisticky
vyznamnd korelace. Statisticky vyznamné a negativné byl korelovan obsah Cr a Sb se Se nebo obsah Ni s obsahem Sb, Sn
a Tl. Vysledky korela¢ni analyzy obsahu prvkl v mechu v roce 2005 byly velmi podobné korela¢ni matici z roku 2000 (napft-
Suchara et al. 2007c).

3. 3 Shlukova analyza

Korelaéni koeficienty byly pouzity pro hodnoceni podobnosti variability obsahu sledovanych prvki v mechu. Vysledky
shlukové analyzy (Obr. 2) rozdélily sledované prvky do tii hlavnich skupin. V prvnim a nejvétsim shluku, pievazné litofil-
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nich prvkd, jsou patrné 3 diléi shluky (La, Pr, Nd, Ce), (U, Th, Y, Li) a (V, Ga, Fe, Al). K prvni dil¢i skuping prvkd s velmi
podobnou variabilitou koncentraci v mechu je pfifazena dvojice Ni a Cr s odliSnou variabilitou jejich obsahu v analyzova-
nych vzorcich mechu. Druha hlavni skupina prevazné chalkofilnich prvki je tvofena dvéma dil¢imi skupinami (Mo, Co, In,
Pb, Bi, As, Ag) a (Se, T, Sn, Sb), ke kterym pfistupuje Cs s Rb a Be s Mn, prvky s vyrazn¢ odliSnou variabilitou jejich ob-
sahu v mechu. Tteti skupinu prvki riznych vlastnosti od makroelementti po znac¢né toxické prvky, tvoii dva dil¢i shluky
(S, N, Zn, Cu) a (S, Hg, Cd, Be). Vysledky shlukové analyzy pro analytické vysledky z roku 2000 (Suchara et al. 2007a: 98)
ukazuji 3 hlavni shluky s podobnym slozenim prvkd. Odlisné byly v roce 2000 zatazeny do shluku prvki predev$im Mn, Ba,
As a Zn. Tento rozdil nebyl vyvolan zménou variability primyslovych emisnich zdroji uvedenych prvkd, ale spise aktualni
zménou stanovistnich poméra.

3.4 Faktorova analyza

Primarni analyticka data byla hodnocena analyzou hlavnich komponent. Maximalné 5 nasledujicich faktorG (F1-F5) vy-
svétlovalo podstatné variabilitu obsahu ptislusnych prvkia v mechu:

F1: Al, Ce, Fe, Ga, La, Li, Nd, Pr, Th, U, V, Y (vysvétluje variabilitu z 10,6 %)
F2: Bi, In, Pb, Sb, Se, Sn, TI (vysvétluje variabilitu z 8,7 %)

F3: Cu, S, Zn (vysvétluje variabilitu z 6,1 %)

F4: Be, Cs, Rb (vysvétluje variabilitu z 4,1 %)

F5: Ba, Cd, Sr, Hg (vysvétluje variabilitu z 3,7 %)

Faktor F1 kontroluje nejvice variabilitu obsahu litofilnich, faktor F2 chalkofilnach a faktor F3 biogennich prvkt v mechu.
Faktor F4 kontroluje variabilitu litofilnich prvkd s odlisnou distribuci v mineralnim podlozi nez litofilni prvky v prvni sku-
piné a faktor F5 kontroluje riznorodou skupinu prvka emitovanych z typickych geogennich antropogennich zdroji v kraji-
né. Srovnani vysledki analyzy hlavnich komponent z ptedeslého monitoringu v roce 2000 ukazalo, ze faktor F1 kontroloval
stejné prvky jako v roce 2005; faktor F2 v roce 2000 kontroloval pouze variabilitu (Pb, Sb, Sn). Faktor F3 kontroloval pod-
statné obsah stejnych prvkd mimo Zn, ale v analyze z roku 2000 je oznacen jako F5. Podobné F4 byl také identifikovan v ro-
ce 2000, ale tehdy podstatné nekontroloval variabilitu Be v mechu. Faktor F5 je aktualné spiSe novym faktorem, protoze fak-
tor z roku 2000 oznacen F3 kontroloval podstatné variabilitu pouze Cd a Zn. Identifikace faktorl je obtizna, jde o komplexni
faktory zahrnujici vlivy distribuce emisnich zdrojt, zptsobu §ifeni a depozice imisi véetné mechanismu piijmu deponova-
nych forem prvku. MuZeme pfipustit, ze aktualné zjisténé faktory jsou nasledujici: F1 vliv eroze padnich pokryvi a depozice
pudnich ¢astic, F2 vliv distribuce a provoz podnikt barevné metalurgie, F3 vliv primyslovych topenist’ a spaloven, F4 vliv
anomalie distribuce prvki v horninach, F5 vliv riznych pramyslovych emisnich zdroji a erodovanych pidnich a humuso-
vych ¢astic na mistech anomalii obsahu nékterych prvkia v podlozi.

3.5 Vliv faktori krajiny

Pro vysvétleni variability obsahu prvkll v mechu byly z €initelti pisobicich v krajiné zvoleny nasledujici: nadmotska vys-
ka, roéni uhrny srazek, typ mate¢né horniny a geomorfologické prvky monitorovacich ploch a hlavni zptisob vyuzivani kra-
jiny v okruhu 5 km kolem monitorovaci plochy (lesnatost, zornéni, urbanizace). Podrobnosti k definovani tfid vysvétlujicich
proménnych podavaji ptedchozi zpravy (Sucharova a Suchara 2004a: 61-66; Suchara et al. 2007a: 103—107). Ani v aktual-
nim monitorovacim programu proménna geomorfologie nevysvétlovala vyznamné variabilitu obsahu prvk v mechu, pro-
to neni v této zprave dale probirana.

3.5.1 Nadmorskd vyska

Ze sledovanych 37 prvkl obsah 21 prvki v mechu statisticky vyznamné negativné koreloval s nadmotskou vyskou mo-
nitorovacich ploch (Tab. 19), ale korelacni koeficienty byly velmi nizké (rp = 0,12-0,34). PriCiny poklesu obsahu prvki
v mechu s nadmotskou vyskou mohou spocivat v klesajicim obsahu sedimentujicich ¢astic nesoucich sledované prvky s nad-
moiskou vySkou nebo v poklesu hustoty osidleni a antropogennich aktivit véetné poklesu hustoty emisnich zdroju. S ristem
nadmofské vysky vyznamné kladné koreloval pouze obsah Ag, Cs, Rb, Sn a TI. Pfi¢inou miize byt napi. vétsi vyskyt uvede-
nych prvkl v horninach nasich pohoti nebo snadnéjsi eroze na horskych vychozech skal a §ifeni erodovanych ¢astic s obsa-
hem uvedenych prvki. Obsah 9 prvkll v mechu vyznamné nekoreloval s nadmotskou vyskou. Vyjma nékolika malo prvka
(pt. Ag, In) velmi podobné korelace obsahu prvkl v mechu s nadmotskou vyskou byly ziskany v monitorovacim programu
v roce 2000. Nadmoiska vyska je v CR vyznamny a znaéné stabilné piisobici faktor prostiedi ovliviiujici vyznamné distri-
buci obsahu sledovanych prvkid v mechu.
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3.5.2 Srazky

Analyzované segmenty rostlinek mechu byly v dob¢ rtistu exponovany ptisobeni destovych srazek béhem let 2003-2004
a z V&t&i &asti roku 2005. Dlouhodoby normal primérnych roénich srazkovych thrnii pro tizemi CR byl zjistén kolem 674
mm. V letech 2003-2005 byly naméfeny primérné rocni srazkové tthrny 516; 680 a 732 mm a primérné ro¢ni srazkové
thrny pro 282 monitorovacich ploch 304; 376 a 470 mm, pficemz ro¢ni srazkové thrny odbérovych ploch vzorkit mechu
statisticky vyznamn¢ kladné korelovaly s jejich nadmoiskou vyskou (r = 0,51-0,78; p = 0,00001-0,006). Obsah vétsiny
prvkd v mechu koreloval dosti podobné jak s ro¢nim (2003, 2004, 2005), dvouletym (2003-2004) a ttiletym (2003-2005)
srazkovym thrnem. Tab. 19 udava korelacni koeficienty pro zavislost obsahu prvkli v mechu na tfiletém srazkovém thrnu
2003-2005.

Obsah 22 prvkid v mechu statisticky vyznamné klesal s riistem srazkového tthrnu nejspise z diivodu smyvani depozitu ne-
bo vyluhovanim prvkd z mechu. OvSem obsah nékterych prvki (Ag, Ba, Cd, Cs, Pb, Rb, Tl a Zn) se vyznamné zvySoval
s ristem uhrnu srazek za tiileté obdobi napt. z divodu zvySeni jejich mokré depozice. Proti vysledktim z roku 2000 aktualni
vysledky ukazuji na zfetelny nartist poctu prvk, jejichz obsah v mechu vyznamné negativné koreloval se srazkovymi thr-
ny snad z divodu snadnéjsiho vyluhovani prvkd z mechu po relativné suchych vegetacnich obdobich. Napft. obsah vétsiho
mnozstvi prvkll v mechu vyznamné a negativné koreloval se srazkovymi thrny roku 2000 s extrémné suchym vegetacnim
obdobim nez s thrny srazek roku 2005, ktery byl relativné destivy. Vliv srazek na obsah prvkid v mechu by mél byt v bu-
doucnu podrobnéji studovan.

3.5.3 Vliv miry zalesnéni a urbanizace krajiny

Podil zalesnénych a urbanizovanych ploch v okruhu 5 km kolem odbérovych ploch mechu byl zjistovan ve 4 tfidach les-
natosti v intervalech po 25 % zalesnéni okoli mista odbéru mechu a kritériem urbanizované krajiny byl zvolen podil urbani-
zované plochy okoli nad 30 % (Sucharova a Suchara 2004a: 64—66; Suchara et al. 2007a: 106—-107).

Obsah mnohych prvkid v mechu vyznamné (p < 0.05) klesal s ristem lesnatosti uzemi kolem mista odbéru vzorku mechu.
Pro aktualni obsah Al, Ce, Co, Cu, Fe, Ga, La, Li, N, Nd, Pr, S, Sr, Th, U a Y v mechu byla zjisténa vyznamna negativni ko-
relace s ristem podilu lesnatosti v krajing s typickymi hodnotami korelaénich koeficientd -r_ = 0.20-0.30. Pfevazn¢ se jedna
o litofilni prvky Sifené erodovanymi ptidnimi ¢asticemi a hrubym prachem. Lesni plochy brani erozi pidnich ¢astic a ome-
zuji Sifeni prachu filtraci a snizovanim rychlosti proudéni vzduchu. OvSem pro obsahy Ag, Cd, Cs, Pb, Rb, Sn a Tl byla zjis-
téna vyznamna a kladna korelace jejich obsahu s riistem lesnatosti okoli mista odbéru vzorka s typickymi korelaénimi koe-
ficienty (rp =0.14-0.29), pro Ag, Cs a Rb (rlD =0.32-0.42). Prva skupina prvki mize byt zachycovana korunami stromi a z
podkorunovych srazek hromadéna v nadloznim humusu, ktery erozi nebo bioturbaci mtize kontaminovat mech. Prvky dru-
hé skupiny mohou byt z podlozi pfijimany kofeny stromt a byt hromadény v opadu a humusu, odkud se erozi roznaseji do
okoli. Vliv miry lesnatosti okoli odbérovych mist a obsah prvkli v mechu byl podobny jako v roce 2000 s tim, ze obsah Ag,
Ce, Cs, Pr, Sn, Th a Tl tehdy statisticky vyznamn¢ nekoreloval s mirou lesnatosti krajiny a naopak byla zjisténa vyznamna
korelace pro obsah Ba a In v mechu.

Na lokalitach s podilem urbanizace alespoii 30 % okolni plochy se projevuje tendence vyssi akumulace sledovanych prv-
ki v mechu. Byla zji§téna vyznamna (p < 0.05) kladna korelace obsahu Ag. Bi, Cd, Cr, Cu, Fe, Hg, Mo, Ni, Se, a Zn v urba-
nizované krajin¢ (r_= 0.15-0.32). Diivodem jsou emise z prumyslovych a doméacich topenist, koncentrované automobilové
dopravy, koroze plechovych krytin a okapt atd. V roce 2000 byly zjistény statisticky vyznamné zavislosti riistu obsahu Ag,
As, Bi, Cd, Cr, Cu, Fe, Mo, Pb a Zn v mechu v urbanizované krajing.

3.5.4 Vlivy ostatnich faktoru

Podobné jako v pfedchozim biomonitorovacim programu byl hodnocen vliv geologie a geomorfologie na obsah prvku
v mechu. Hodnoceni vlivu geomorfologickych prvkid neni dokonéeno, ale ukazuje se maly vliv geomorfologickych prvka
krajiny na akumulaci prvkl v mechu. Pro hodnoceni vlivu geologického podlozi byly mate¢né horniny na monitorovacich
plochéch rozdéleny do nasledujicich 6 skupin: I. Chudé horniny kfemencové horniny, II. Vapnité horniny, III. Barevné usa-
zené horniny, I'V. Chudé vyvieliny granitoidni, V. Stfedné mineralné bohaté vyvielé a VI. Bohaté bazické az ultrabazické
vyvieliny (Sucharova a Suchara 2004a; Suchara et al. 2007a). Aktualni obsah nasledujicich prvkd v mechu zavisel vyznamné
(p < 0.05) na zvolenych typech matecnych hornin (Geol I-VI), ale korelacni koeficienty byly velmi nizké r =0.13-032s
typickymi hodnotami kolem r =0.17:

Geol I: Cu, N, S, Tl

Geol II: Cu, N, S

Geol III: Ag, Tl

Geol IV: Rb, T1

Geol V: Ag, Bi, Tl

Geol VI: Bi, Cu, Hg, Ni, S, Se, Sra V.
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Zajimava je kladna korelace obsahu celkového dusiku, siry a médi s vyskytem relativné chudych nebo vapnitych typi ma-
te¢nych hornin. Také byla zjisténa dlouhodoba (1995-2005) a pomérné¢ tésna korelace vzajemného obsahu Cu, N a S v me-
chu.

V roce 2000 byla zjisténa korelace pouze mezi obsahem Bi, Sb, S, Se a Tl v mechu a nékterym typem matecné horniny na
odbérovych plochach. Zvyseni po¢tu obsahu prvki v mechu korelujicich s nékterym typem hornin napt. vlivem zvysené ero-
ze neni zadouci, protoze biomonitorovaci program je koncipovan hlavné na zjistovani miry atmosférické depozice z antro-
pogennich zdroju, nikoli zdroju ptirodnich.

3.6 Trendy obsahu prvki v mechu

3.6.1 Obsahy prvkii v roce 2005 a 2000

Byly srovnavany primérné koncentrace prvkt ve vzorcich mechu z roku 2005 (n = 280-282) a z roku 2000 (n = 249-250)
i primérny obsah prvki z 242 odbérovych ploch, na kterych byl mech odebiran jak v roce 2000, tak i v roce 2005. Oba typy
srovnadni podaly téméf stejny vysledek.

V roce 2005 byl zjistén nizsi pramérny obsah 21 prvki v mechu nez v roce 2000, ale statisticky vyznamny byl tento po-
kles jen u obsahu 10 prvki (Co, Cr, Cu, Ga, Mn, N, Ni, Pb, Rb a S). Nejvétsi zmeéna (-39 %) byla zjisténa pro primérny ob-
sah Cr a (-26 %) pro Ni, prvky Casto zastoupené v emisich metalurgickych provozi a v plidnim prachu. Statisticky vyznam-
ny pokles obsahu Cu, Ni, Pb, S a N miize odrazet pokles produkce metalurgického primyslu, snizeni mnozstvi primyslové
spalovaného uhli a pokles intenzity hospodateni v zemédélstvi. Pokles obsaht Co, Cr, Ga, Mn a Rb ukazuje spise na snizeni
vlivu erodovanych ¢astic pady, humusu a podlozi napt. béhem vlhkého roku 2005 neZz na snizeni produkce zbylych provozi
metalurgického pramyslu.

Na druhé strané proti roku 2000 bylo zjisténo zvyseni primérného obsahu 14 prvkd v mechu v roce 2005, z toho zvyse-
ni obsahu Bi, Mo, Sb, Sn a Tl bylo vyznamné. Tyto prvky se uzivaji napt. v metalurgickém, sklafském a textilnim pramyslu
a jsou pfitomny i v pude¢ a nadloznim humusu. Je t€zké rozhodnout, co bylo ptfi¢inou zvyseni obsahu uvedenych prvki v me-
chu, spiSe bychom méli uvazovat geogenni nez antropogenni ptvod zvySeného mnozstvi téchto prvki v mechu.

Vysledky hodnoceni zmén obsahu prvki v mechu v roce 2000 a 2005 udava Tab. 20. Stejnym zptisobem byly hodnoce-
ny rozdily obsahu prvkd v mechu z let 2000 a 2005 v jednotlivych administrativnich krajich CR. V Tab. 21 jsou vyznageny
symboly statisticky vyznamné poklesy nebo zvys$eni obsahu prvkt v mechu v jednotlivych krajich. Vyznamny narGst obsahu
prvkt béhem poslednich 5 let byl zjistén v krajich KV, PL, JI a LI, naopak nejvice statisticky vyznamnych poklesti v obsahu
prvku bylo zjisténo v krajich PU, JI, SC a OL. Nejméné vyznamnych zmén v obsazich prvkl v mechu bylo zjisténo v krajich
CB a BN. Potencialni pfi¢iny zmén obsahu prvkt béhem poslednich 5 let byly uvedeny u hodnoceni vysledkti méfeni obsa-
hu jednotlivych prvkia v mechu v Kap. 3.1.1 az 3.1.37. V nejvice krajich byl zjistén pokles obsahu Co, Cr, Cu a Ni, naopak
nejvice kraju postihl nardst obsahu Bi, Sb a Sn v mechu. V zadném z kraji nedoslo k vyznamné zmén¢ obsahu Ba, Rb a Sr,
pouze v jednom kraji doslo ke statisticky vyznamné zméné obsahu Ag, Cd, Cs a Zn v mechu.

Nékdy je potieba na zakladé zmén obsahu prvki v mechu odhadnout odpovidajici zmény v absolutni hodnot& atmosféric-
kého spadu prvki. V pfedchozim biomonitorovacim programu byly absolutni hodnoty spadu prvkt odhadovany z nasleduji-
cirovnice: D . = C_ x K , kde D je absolutni atmosféricka depozice daného prvku (ug.m?.rok™"), C  je zjistény obsah prvku
v mechu (ug.g") nebo zména obsahu prvkii za obdobi 20002005 a K, je koeficient obsahujici u¢innost piijmu daného prv-
ku z atmosférického spadu mechem (0-1,0) a ro¢ni produkci (biomasy) mechu (g.m>.rok™). Koeficienty K byly uvede-
ny pro vétsinu sledovanych prvkt v minulé zpraveé za rok 2000 (Sucharova a Suchara 2004a: 70; Suchara et al. 2007a: 108).
V letech 2003-2005 byly velké srazkové rozdily a pro dané obdobi nebyla zjistovana produkce mechu u nds, odhady indi-
kovanych trovni atmosférickych spadi sledovanych prvki a jejich zmény z poslednich 5 let nejsou v této zpravé hodnoceny.
Pro ptipadné hrubé odhady urovné téchto spadii Ize vyuzit s krajni opatrnosti koeficienty K ; z roku 2000.

3.6.2 Dlouhodobé trendy

I pres rozdily v poctech sledovanych monitorovacich ploch, analyzovanych druhi mechu, stanovovanych poétech prvki
a pouzitych analytickych piistroji je mozno zjistit nasledujici zmény v obsahu prvki v CR b&hem obdobi 1991-2005.

V letech 1991-1995 byl zjistén statisticky vyznamny pokles viech sledovanych prvki v mechu v Cechach (20 opakované
sledovanych lokalit). V uvedeném obdobi byl zjistén primérny pokles As, Fe, Nia V o 55-77 % a pro obsah Cd, Cr, Cu, Pb
a Zn pokles o 16-50 % (Sucharova a Suchara 1998a: 109; 1998b). Nejvétsi pokles obsahu prvki byl zjistén v kraji SC (okres
Kladno), PL (okr. Rokycany, Plzen sever), UL (okr. Chomutov a Most) a LI (okr. Liberec, Jablonec nad Nisou). Vyznamny
pokles obsahu prvkii v mechu odrazi limity vyroby a zpracovani oceli a ruseni ocelaren, Zelezaren a strojirenskych podni-
ka v krajich SC, PL, UL, LI, HK. Velky pokles obsahu As a S v mechu odrazi prudky pokles mnozstvi primyslové spalova-
ného hnédého uhli s vysokym obsahem arzenopyritu. Podobné rychlé snizeni produkce a restrukturalizace tézkého prumys-
lu probihala i v sousednim Sasku, zatimco na severovychodni Moravé, v jiznim Polsku a na zdpadnim Slovensku probihaly
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uvedené zmény pomaleji. Piesto byly u nas bioindikovany zna¢né poklesy teritoridlni pozad’ové trovné spadu sloucenin siry
a tézkych kovli mezi roky 1991-1995.

Sledovani zmén obsahu prvki v mechu na 196 monitorovacich plochach po celé CR mezi roky 1995-2000 ukézalo sta-
tisticky vyznamny pokles obsahu Al, As, Cd, Co, Cu, Hg, Ni, Pb, S, V a Zn v mechu 0 9-55 % (Sucharova a Suchara 2004a:
72-74). Zv1asteé prudky pokles As, Pb, V, Hg a S 0 23-55 % odpovidal pokracujicimu poklesu primyslové vyroby, poklesu
mnozstvi praimyslove spalovaného uhli, odsifeni uhelnych elektraren (1994—1998) a snizovani aditiv Pb do olovnatych benzi-
ni. Nejvétsi poklesy obsahu prvkil v mechu byly zjistény v kraji UL (okr. Most, Chomutov, Usti nad Labem, Dé&¢in), PL (okr.
Rokycany), SC (okr. Slany, Piibram a Kladno), LI (okr. Liberec), PU (okr. Pardubice), OV (okr. Ostrava, Karvind, Novy Ji-
&in, Frydek Mistek) a ZL (okr. Zlin). Vyrazny pokles prvki v mechu byl v r. 2000 registrovan v oblasti tzv. Cerného trojithel-
niku I (Severogeska hnédouhelna panev), zatimco zmenseni a zeslabeni ohniska v oblasti Cerného trojithelniku II (Ostravsko-
Karvinsko) bylo zna¢né slabsi. Pokracujici snizovani atmosférickych spadt prvki bylo zpisobeno pokracujicim utlumem
tézkého primyslu a strojirenstvi, zastaveni distribuce olovnatych benzint (2000) a zavadénim novych technologii snizujicich
emise sledovanych prvkd. Na druhé strané doslo k prudkému naristu poétu provozovanych automobili.

Vysledky za posledni monitorovaci obdobi (2000-2005) ukazuji na pokracujici pokles obsahu prvki v mechu (Tab. 20).
Z povinng sledovanych prvki doslo k poklesu obsahu Cr, Cu, Ni, Pb a Zn v mechu o 5-35 %. Dtivodem je redukce produk-
ce tézkého pramyslu, zména vyrobnich programii, zavadéni novych technologii Setrnych k zivotnimu prostiedi a piisngjsi le-
gislativa v ochrané ovzdusi. Zjisténé statisticky vyznamné zmény obsahu prvkl v mechu na krajskych urovnich uvadi Tab.
21. Ukazuje se vSak, ze zatim trvaly pokles obsahu prvki v mechu se zpomaluje nebo zastavuje, protoze napravna opatieni
a redukce primyslové vyroby dosahla souc¢asného limitu. Diive dominantni vliv primyslovych emisnich zdroji klesl tak, ze
kolisani mnozstvi uvolnénych prvku z ptirodnich zdroji zac¢ina vyznamné kontrolovat variabilitu obsahu sledovanych prv-
ki v mechu.

Tab. 22 podava piehled o trendu obsahu povinné sledovanych prvkii v mechu na uzemi CR za obdobi 1991-2005. Patr-
ny je kontinualni pokles obsahu Cd, Hg, Ni, S a V v mechu. Primérmy obsah Pb a S v mechu v roce 2005 odpovida jen 31 %
a 15 % jejich obsahti v mechu v roce 1991. Na druhé strané pokles obsahu As, Se a V v mechu se v soucasné dob¢ zpomalil az
zastavil. V posledni dobé obsah Cd, Cr, Co, Fe a Zn v nékterych letech kolisa, coz mtize byt zptisobeno nardstajicicim vlivem
ptirodnich zdrojd. SpiSe geogenni nez atmogenni ptivod prvka v mechu Ize uvazovat pro mnohé litogenni prvky, z povinné
sledovanych napf. Al, Cr, Fe a z nepovinné sledovanych prvki napt. prvky vzacnych zemin, U ap., které nemaji pramyslové
zdroje zne¢istovani ovzdusi. Zakladni statistiku obsahu prvki v CR a jednotlivych administrativnich krajich podavaji zpré-
vy (Sucharova a Suchara 1998a, 2004a; Suchara et al. 2007a).

3.6.3 Srovndani se sousednimi zemémi

Srovnani aktualniho obsahu povinné sledovanych prvki v mechu se sousednimi zemémi umoziuje evropska zprava (Har-
mens et al. 2008).

Tab. 23 podava zakladni udaje o obsazich vybranych prvki v mechu v Némecku, Polsku, Slovensku a Rakousku. Aktualni
obsah povinné sledovanych prvkii v CR je srovnatelny s idaji z Némecka a Rakouska. Srovnani s poméry v Polsku a Sloven-
sku je obtizné, protoze nejsou k dispozici souhrnna data pro celé uzemi nebo jsou velké rozdily ve vysledcich mezi riznymi
oblastmi t&chto zemi. Napf. primérny obsah prvkil v CR je niz$i nez udavany obsah z jihozapadniho Slovenska a podstatng
nizsi nez na zbylém uzemi Slovenska, typicky 2-3 x.

Podrobné srovnani obsahu prvkt v mechu z CR s tdaji ziskanymi v Polsku, Mad’arsku a na Slovensku v roce 2000 bylo
zvetejnéno ve zpraveé Suchara et al. (2007b, 2007c).

Srovnéni obsahu povinné sledovanych prvki v mechu v sousednich zemich a CR v roce 1995 (Riihling 1998; Sucharova
a Suchara 1998a: 108) a v roce 2005 (Harmens et al. 2008) ukazuje na pokles téchto prvki v mechu ve vSech zemich stfedni
Evropy. Vyjimkou je obsah Cr, jehoz obsah v mechu je v souc¢asné dobé udavan ve vétsin€ zemi vyssi nez v roce 1995. Ditvo-
dem muize byt spise zvySena depozice erodovanych pidnich ¢astic ve stiedni Evropé v sussich letech nez riist mnozstvi spa-
lovaného uhli, emisi metalurgického priimyslu a spaloven komunélnich odpada. Udaje pro Al a As jsou dostupné pouze pro
Némecko a Rakousko. Opacny trend v obsahu Ni, V a Zn se udava z rozdilnych ¢asti Polska a Slovenska.
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4 SHRNUTI A ZAVER

Ve ¢tvrtém Ceském narodnim monitorovacim programu provadéném v rdmci mezinarodniho programu OSN EHK ICP Ve-
getace byl urcen obsah 37 prvki (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs. Cu, Fe, Ga, Hg, In, La, Li, Mn, Mo, N, Nd, Ni,
Pb, Pr, Rb, S, Sb, Se, Sn, Sr, Th, TL, U, V, Y a Zn) v mechu, zvlasté druhl Pleurozium schreberi a Scleropodium purum sebra-
nych na 282 monitorovacich plochach v CR v roce 2005 popt. 2006.

Zprava poskytuje zékladni statisticka data o vysledcich analyz z celé CR a z jednotlivych administrativnich krajiL.

Byly sestrojeny barevné bodové a izoliniové mapy distribuce obsahu prvkii v mechu (11 tiid obsahu prvku) na uzemi CR
v roce 2005/2006. Rozlozeni obsahu prvki, pozice ohnisek hromadéni prvkii v mechu, mozné zdroje znecisténi a srovnani
s mapami z roku 2000 je uvedeno ve stru¢nych komentatich k aktudlnim mapam distribuce prvkt v mechu. Pro distribuci ob-
sahu vétsiny prvki v mechu byly ziskany velmi podobné pribéhy izolinii jako v r. 2000.

Analyza hlavnich komponent ukazala, 7e 5 faktort kontroluje vyznamné variabilitu 28 prvkii v mechu na tzemi CR. Nej-
méné 3 z nich pusobily identicky i v roce 2000. Zbylé dva faktory aktualné kontrolovaly variabilitu i jinych prvka nez v ro-
ce 2000.

Byla provedena korelacni a shlukova analyzy. Zprava uvadi vycet prvku se statisticky vyznamnou korelaci jejich obsahu
v mechu a prvky, jejichz obsah s jinymi prvky nekoreluje nebo jen vzacné. Byly ziskany velmi podobné vysledky jako v ro-
ce 2005. Vysledky shlukové analyzy ukazaly skupiny prvka s podobnou distribuci jejich obsadu v mechu. Byly ziskany vel-
mi podobné vysledky jako v roce 2000, coz potvrzuje predchozi zjisténi, ze distribuci obsahu prvki v mechu v letech 2000
a 2005 kontroluji stale stejné nebo velmi podobné vlivy prostredi.

Byla sledovana korelace mezi obsahem prvkl v mechu a vybranymi charakteristikami prostfedi (nadmotska vyska, sraz-
kové uhrny, geologie, lesnatost, urbanizace krajiny) pasobicimi v okruhu 5 km kolem odbérovych ploch mechu. Obsah prvka
v mechu vétsinou prikazné klesal s ristem nadmotské vysky a stoupal s ristem tthrnu destovych srazek. Pouze obsah néko-
lika prvki koreloval se zvolenymi skupinami mate¢nych hornin. Naopak obsah vétSiny prvkd v mechu vyznamné negativ-
n¢ koreloval s rostouci mirou zalesnéni okoli a pozitivné koreloval s urbanizaci krajiny. Vyjimky jsou popsany a uvadéji se
pravdépodobné priciny. Byla zjisténa pomérné velka shoda vysledkd biomonitorovaciho programu 2005 s vysledky korelac-
ni analyzy z roku 2000.

Byl sestaven piehled trendd zmén obsahu prvka v mechu za kratké obdobi 2000-2005 a obdobi 1991-2005. U vétsiny po-
vinné sledovanych prvki (toxické kovy) byl zjistén trvaly pokles jejich obsahii v CR. Pokles obsahu prvkil v mechu v dii-
sledku restrukturalizace t€zkého primyslu, zavadénych napravnych opatieni a novych technologii a G¢inky legislativy ochra-
ny ovzdusi dosahuje mozného minima a trend poklesu se pravdépodobné zastavi. U ostatnich prvki, které nemaji vyznamné
pramyslové zdroje znecisténi, jejich obsah v mechu kolisa podle aktualnich emisnich podminek a §ifeni v atmosfére. VEtsi-
nou jde o prvky obsazené v pud¢ a faktory, které kontroluji intenzitu eroze ptidy a humusu.

Podobna situace jako v CR je udavana ze sousednich zemi. Aktudlni obsah prvki v mechu na uzemi CR je srovnatelny
s prim&mymi hodnotami udavanymi z Némecka a Rakouska a 2-4 x niz3i nez na Slovensku. Udaje z Polska jsou dostupné
pouze pro chranéna tzemi a pramyslovou oblast u Opole, které nejsou plné reprezentativni pro celé tizemi Polska. Vétsina
sousednich zemi udava od roku 1990 klesajici obsah povinné sledovanych prvkt s vyjimkou Cr, na jehoz distribuci se vy-
znamné podili i aktudlni eroze pid a depozi¢ni Grovné spadii erodovanych ptidnich ¢astic a humusu. Presto trend poklesu at-
mosférické depozice sledovanych prvki je dlouhodobé bioindikovan v celé stfedni Evropé.

Analyzy mechu jsou efektivni metodou identifikace urovni atmosférické depozice prvki. Absolutni hodnoty atmosféric-
ké depozice a jeji zmény za poslednich 5 let nebyly v této zpravé odhadovany z diivodu absence idajti o produkci mechu za
obdobi 2003-2005. Prevzeti produkénich dat z minulych biomonitorovacich programd je riskantni vzhledem k extrémné vel-
kym srazkovym rozdilim mezi roky 2003 a 2005, které mohly zna¢né produkci mechu ovlivnit. Nové poznatky o depozici
prvkt budou ziskany v ptistim evropském biomonitorovacim programu v roce 2010.
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1 50-56-31 | 14-26-03 | 27-06-05 | 5:00 PM Brtniky 230/1.5 Dé&cin 35/24 LI | Ps.
Rumburk e
1-01 | 50-59-04 | 14-31-14 | 27-06-05 | 11:30 AM » 325/2.1 Décin 45/31 LI | Ps.
-Popluzi
1-02 | 51-00-20 | 14-20-18 | 27-06-05 | 2:00 PM Lipové 260/1.8 Décin 15/28 LI | Ps.
2 | 50-52-30 | 14-26-00 | 27-06-05 | 7:30 PM Chiibska 290/3.0 Dé&in 60/19 LI | Ps.
3 | 50-53-36 | 15-10-09 | 17-08-05 | 7:15 PM Peklo 230/1.0 Liberec 30/17 LI | Ps.
3-01 | 50-59-47 | 15-05-11 | 17-08-05 | 0:15PM Pertoltice 5/1.8 Liberec 5/25 LI | Ps.
3:02 | 50-57-17 | 15-13-13 | 17-08-05 | 3:30pm | Jindfichovice | 00 Liberec 35/27 LI | Ps.
pod Smrkem
3-03 | 50-55-19 | 15-08-29 | 17-08-05 | 5:00PM | Raspenava | 30/2.0 Liberec 20/16 LI | Ps.
4 | 505039 | 14-54-41 | 17-08-05 | 7:30am | BiVKostel 455, Liberec 305/12 | LI | Sp.
nad Nisou
Albrechtice .
4-01 | 50-51-41 | 15-02-45 | 17-08-05 | 9:50 AM ‘ 90/0.6 Liberec 360/11 LI | Ps.
u Frydlantu
5 | 50-49-33 | 14-11-27 | 11-07-05 | 11:15 AM Maxicky 180/0.3 Décin 325/5 LI | Ps.
Décin
501 | 50-45-40 | 14-14-01 | 11-07-05 | 8:30 AM n 120/2.2 Dé&cin 120/2 LI | Sp.
Bechlejovice
6 | 50-56-44 | 15-08-02 | 23-08-05 | 7:10AM | Bedfichov | 200/2.1 Liberec 75/6 Ll | Ps.
6-01 | 50-49-07 | 15-15-52 | 14-09-05 | 4:30PM | JosefivDal | 2542 | * abﬁzcunad 25/11 LI | Ps.
6-02 | 50-49-09 | 15-20-11 | 15-09-05 | 1:50 PM Jizerka 210003 | ? ab;g?:ocunad 50/16 LI | Ps.
6-03 | 50-47-27 | 15-19-29 | 15-09-.05 | 4y.10 PM Sous 3504 | 7 ablli’ﬁl;"unad 55/13 LI | Ps
7 50-46-01 | 13-59-12 | 11-07-05 | 2:15PM Petrovice 175/2.1 Usti nad 345/11 | UL | Ps.
Labem
7-01 | 50-41-05 | 14-08-58 | 11-07-05 | 4:45PM Povrly 330/1.5 ‘f;{,;’,?f 75/8 UL | Sp.
7-02 | 50-41-25 | 13-49-35 | 13-07-05 | 7:15AM Piitkov 350/1.1 Teplice 355/5 UL | Ps.
Velka > L
8 | 50-43-48 | 14-25-38 | 30-06-05 | 7:15PM . 9522 | Ceska Lipa 305/10 | LI | Ps.
Bukovina
Srbska s
8-01 | 50-49-15 | 14-19-30 | 30-06-05 | 3:45 PM . 270/2.0 Décin 60/12 LI | Ps.
Kamenice
9 | 50-43-05 | 14-39-22 | 30-06-05 | 10:00 AM Velenice 290/1.3 | Ceska Lipa 60/9 LI | Ps.
9-01 | 50-40-32 | 14-35-52 | 30-06-05 | 8:15AM | CeskaLipa | 125/1.9 | Ceska Lipa 1252 LI | Ps.
902 | 50-45-48 | 14-34-17 | 30-06-05 | 1:15PM Novy Bor 60/1.0 | Ceska Lipa 190/8 LI | Ps.

Appendix — Table A1 List of the CZ sampling plots 2005. Degrees of cardinal points: N = 0/360, E = 90, S = 180, W = 270.
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9-03 | 50-50-09 | 14-36-13 | 27-06-05 | 7:30AM | Horni Svétla | 260/3.5 | Ceska Lipa 19516 | LI | Ps.
10 | 50-44-35 | 14-53-37 | 16-08-05 | 5:10 PM Kiizany 300/1.0 Liberec 255/11 LI | Ps.
Rokytnice .
11| 50-43-20 | 15-30-25 | 23-08-05 | 1:10 PM / 115/3.5 Semily 40/17 LI | Ps.
nad Jizerou
11-01 | 50-46-08 | 15-23-34 | 23-08-05 | 10:45AM | Dolni Kofenov | 60/0.6 | * abﬁ‘s‘zcunad 70/16 LI | Ps.
11-02 | 50-42-30 | 15-34-21 | 24-08-05 | 10:00 AM Spﬁ‘};mv 35/3.6 Trutnov 305/14 | HK | Ps.
11-03 | 50-43-34 | 15-32-56 | 23-08-05 | 5:10PM | Dolni Misecky | 180/1.0 Semily 50//21 LI | Ps.
12 | 50-40-46 | 13-36-55 | 13-07-05 | 10:30 AM Flije 125/2.8 Teplice 285/15 | UL | Ps.
12-01 | 50-36-33 | 13-41-06 | 13-07-05 | 1:20 PM Lom 45/1.8 Teplice 250/14 | UL | Br
12-02 | 50-39-07 | 13-41-58 | 13-07-05 | 4:00PM | Domaslavice | 290/1.2 Teplice 275/8 UL | Br
12-03 | 50-42-42 | 13-40-55 | 13-07-05 | 9:45 AM Moldava 190/1.0 Teplice 305/16 | UL | Ps.
13 | 50-41-48 | 14-51-25 | 16-08-05 | 2:00 PM Hamr 135/1.2 | Ceska Lipa 80/19 LI | Ps.
13-01 | 50-40-55 | 15-0432 | 16-08-05 | 7:20pMm | Hodkovicen. | 4g, ¢ Liberec 170/8 LI | Ps.
Mohelkou
14 | 50-41-06 | 15-48-08 | 24-08-05 | 0:15PM Velka Upa | 110/2.1 Trutnov 330/15 | HK | Ps.
15 | 50-38-26 | 16-00-16 | 24-08-05 | 3:00 PM Bernartice | 100/2.3 Trutnov 35/11 HK | Ps.
15-01 | 50-33-30 | 15-59-14 | 24-0-05 | 9:20aM | Bohuslavice |55 Trutnov 105/6 HK | Ps.
nad Upou
16 | 50-36-28 | 14-15-26 | 04-07-05 | 5:20PM | Loveckovice | 195/1.3 | Litomé&fice 45/13 UL | Ps.
17-01 | 50-34-34 | 14-08-41 | 01-11-05 | 10:50 AM Lbin 110/1.0 | Litoméfice 5/6 UL | Sp.
- Mentaurov
17-02 | 50-14-18 | 14-08-54 | 15-07-05 | 07:20 AM Skalice 45/1.1 Litomé&fice 10/6 UL | Ps.
18 | 50-34-14 | 14-22-39 | 04-07-05 | 10:30 AM | RaSovice 320/1.1 | Litoméfice 80/19 UL | Ps.
19 | 50-35-27 | 15-32-50 | 24-08-05 | 7:10 AM Martinice 45/1.2 Semily 95/15 LI | Ps.
20 | 50-33-29 | 15-47-30 | 24-08-05 | 7:00 PM Vigice 365/2.3 Trutnov 270/9 | HK | Ps.
21 | 50-34-28 | 16-09-12 | 24-09-05 | 1:10 PM Dédov 295/2.5 Néchod 355/18 | HK | Ps.
21-01 | 50-38-52 | 16-21-09 | 24-09-05 | 5:15PM Janovicky | 160/0.5 Néchod 3029 | HK | Ps.
22 | 50-31-50 | 13-24-50 | 18-07-05 | 6:45 PM Bolebor 190/0.8 | Chomutov 355/7 UL | Ps.
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23 50-30-25 | 13-36-16 | 15-07-05 6:45 PM Most 295/3.6 Most 295/3.6 UL B.r.
24 50-33-32 | 13-54-29 | 13-07-05 7:30 PM Cerncice 255/0.5 Litoméfice 280/17 UL B.r.
24-01 | 50-34-11 | 13-59-00 | 15-07-05 2:15PM Kleteéna 355/0.4 Litoméfice 290/11 UL S.p.
25 50-31-19 | 14-32-13 | 04-07-05 6:30 PM Drazejov 330/1.1 Ceska Lipa 185/19 LI Ps.
26 50-30-58 | 14-41-32 | 16-08-05 | 11:30 AM Okna 140/1.7 Ceska Lipa 145/20 LI Ps.
. Mlada
27 50-31-13 | 15-07-21 | 03-11-05 1:50 PM Zehrov 140/1.8 55/18 SC Ps.
Boleslav
28 50-28-28 | 13-13-11 | 18-07-05 1:15PM Vysluni 305/1.5 Chomutov 275/13 UL Ps.
28-01 | 50-29-11 | 13-23-47 | 18-07-05 4:45 PM Bfezenec 190/0.8 Chomutov 05/2.5 UL Ps.
29 50-29-12 | 14-13-07 | 01-11-05 9:15 AM Libotenice 320/1.2 Litoméfice 135/9 UL Ps.
.. Mlada
30 50-28-53 | 14-47-18 | 16-08-05 9:00 AM Bfezinka 50/1.0 310/11 SC Ps.
Boleslav
31 50-27-57 | 15-19-18 | 29-10-05 5:00 PM Prachov 65/1.0 Ji¢in 315/5 HK Ps.
32-01 | 50-27-40 | 15-27-25 | 29-10-05 3:50 PM Drevénice 40/1.1 Jicin 70/8 HK Ps.
33 50-24-39 | 14-22-01 | 04-07-05 7:00 AM Bechlin 110/2.0 Mélnik 310/10 SC Ps.
34 50-25-27 | 14-29-28 | 04-07-05 7:45 PM Zelizy 90/1.9 Mélnik 5/9 SC Ps.
- Mlada
35 50-25-30 | 15-05-32 | 04-10-05 7:45 AM Skysice 280/1.1 80/13 SC Ps.
Boleslav
36 50-26-23 | 15-16-00 | 29-10-05 5:45 PM Ohafice 175/1.3 Ji¢in 270/7 HK Ps.
37 50-25-20 | 15-45-52 | 24-09-05 7:15 AM Doubravice 355/1.6 Trutnov 210/19 HK Ps.
37-01 | 50-28-30 | 16-01-22 | 24-09-05 | 10:30 AM Havlovice 210/1.9 Nachod 305/11 HK Ps.
38 50-23-46 | 13-04-18 | 18-07-05 10:15 AM Ondfejov 310/0.4 Chomutov 250/25 UL Ps.
38-02 | 50-22-43 | 12-56-19 | 22-07-05 7:20 AM Jachymov 20/1.5 Karlovy Vary 15/15 KV Ps.
39 50-23-10 | 13-47-49 | 15-07-05 | 4:15PM Dobroméfice 5/1.8 Louny 0/4 UL | Sp.
Podhorni s
40 50-23-27 | 15-32-47 | 29-10-05 2:30 PM Ujezd 90/1.9 Ji¢in 105/14 HK Ps.
41 50-22-57 | 16-09-27 | 28-09-05 2:45 PM Pribyslav 320/1.3 Nachod 180/4 HK Ps.
42 50-22-12 | 16-56-27 | 30-08-05 7:00 PM Travna 120/0.5 Jesenik 310/23 oV Ps.
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42-01 | 50-19-45 | 17-10-30 | 31-08-05 | 8:45AM Rokliny 355/0.9 Jesenik 345/12 | OV | Ps.
43 | 50-18-33 | 12-28-09 | 22-07-05 | 1:15PM Sné&znd 275/1.9 Sokolov 32019 | KV | Ps.
43-01 | 50-08-29 | 12-31-54 | 22-07-05 | 3:25PM Chlum 210/1.1 Sokolov 250/10 | KV | Ps.
44 50-17-57 | 12-41-58 | 22-07-05 1:15 PM Cernava 305/0.8 | Karlovy Vary 310/16 KV | Ps.
Rokle
45 | 50-21-25 | 13-17-43 | 18-07-05 | 7:20 AM § 330/1.0 | Chomutov 220/14 | UL | Ps.
u Kadané
46 | 50-22-13 | 13-59-19 | 15-07-05 | 11:30 AM Chrastin 75/0.6 | Litomdfice 21020 | UL | Ps.
47 | 50-17-57 | 16:23-12 | 28:00-05 | 030pM | PEMEVOIL |55 | Rychnov 3017 | HK | Ps.
horach nad Knéznou
48-01 | 50-12-32 | 14-43-34 | 04-10-05 | 6:45AM | Otradovice | 275/1.7 Mélnik 160/11 | sC | Ps.
Mlada
48-02 | 50-15-22 | 14-34-21 | 16-08-05 | 7:15AM Kozly 90/0.8 21026 | SC | Ps.
Boleslav
49 | 50-15-32 | 13-17-12 | 27-07-05 | 9:20 AM Mastov 170/1.1 | Chomutov 20530 | UL | Ps.
50 | 50-15-49 | 13-35-11 | 27-07-05 | 6:45PM Holede¢ 120/1.7 Louny 240/12 | UL | Ps.
51 | 50-13-26 | 13-46-02 | 20-07-05 | 11:30 AM Treboc 50/0.6 Rakovnik 5/13 sc | ps.
52 | 50-15-28 | 13-53-16 | 20-07-05 | 2:20 PM Bilichov 240/2.0 Kladno 31020 | SC | Ps.
Meéstec
53 | 50-12-47 | 15-16-34 | 30-09-05 | 2:45PM e 295/1.6 | Nymburk 80/19 sC | sp.
Kralové
53-01 | 50-17-55 | 15-02-07 | 04-10-05 | 8:30 AM Studce 300/1.4 |  Nymburk 5/12 SC | Ps.
54 | 50-13-43 | 15-40-06 | 30-09-05 | 4:50 PM Hradek 330/1.3 Hradec 285/12 | HK | Sp.
u Nechanic Kralové
55 | 50-13-51 | 16-08-36 | 28-09-05 | 4:10 PM Zahomice | 135/1.2 | Ryehnovnad gye 0 g | opg
Knéznou
55-01 | 50-10-37 | 16-05-13 | 28-09-05 | 5:45PM TyniSté 1 33035 | Rychnovnad |00, 0 | gy | ps.
nad Orlici Knéznou
55-02 | 50-16-39 | 16-18-02 | 28-09-05 | 1:20 PM Lomy 330/0.8 | Rychnovmad gy g | ops,
Knéznou
56 | 50-12-35 | 16-28-44 | 28-09-05 | 10:45 AM Ricky 10010 | Rychnovnad 0,0 e | opg
Knéznou
57 | 50-11-48 | 17-14-32 | 31-08-05 | 8:45AM Détiichov | 145/1.9 Jesenik 140/4 | oV | Ps.
_ Zlaté Hory | 170/3.0 )
58| 50-13-14 | 172332 | 310805 | 9:5SAM | e OF | o Jesenik 80/15 | OV | Ps.
58-01 | 50-14-08 | 17-42-09 | 31-08-05 | 3:00 PM Bohusov 230/1.4 Bruntal 3033 | OV | Ps.
59 | 50-11-28 | 12-14-59 | 25-07-05 | 8:00 AM AS 14/5.0 Cheb 325/16 | KV | Ps.
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59-01 | 50-17-21 | 12-10-51 | 25-07-05 | 0:10PM | Novosedly | 30/0.7 Cheb 33525 | KV | Ps.
60 | 50-11-59 | 13-00-41 | 27-07-05 | 6:50 AM Cinov 2004 | Karlovy Vary | 105/10 | KV | Ps.
61 | 50-11-27 | 13-20-27 | 27-07-05 | 10:45 AM Vroutek 295/2.6 Louny 240/37 | UL | Ps.
62 | 50-10-04 | 15-58-29 | 28-00-05 | 6:30 PM Béletko 65/2.5 Pardubice 40/18 PU | Ps.
63 | 50-08-03 | 16-51-41 | 30-08-05 | 10:30 AM Sklené 345/0.5 Sumperk 33521 | OL | Ps.
63-01 | 50-06-49 | 17-03-56 | 30-08-05 | 4:20PM | Piemyslov | 315/1.5 Sumperk 20/17 OL | Ps.
64 | 50-06-22 | 12-51-30 | 22-07-05 | 6:20 PM Vodna 110/0.3 | Karlovy Vary | 185/14 | KV | Ps.
65 | 50-08-58 | 13-47-36 | 20-07-05 | 9:15AM LuZna 5/3.4 Rakovnik 30/6 SC | Ps.
66-01 | 50-09-07 | 14-01-33 | 20-07-05 | 7:00AM | Kladno - Stby | 25/0.7 Kladno 280/5 sC | Pps.
66-02 | 50-13-01 | 14-04-45 | 20-07-05 | 6:45PM Slany 205/2.4 Kladno 350/9 SC | Ps.
67 | 50-09-08 | 14-55-35 | 30-09-05 | 2:05PM Velenka 70/2.4 Nymburk 240/9 SC | Ps.
68 | 50-06-07 | 13-17-50 | 27-07-05 | 2:10PM Zdarek 145/1.2 | Karlovy Vary | 11533 | KV | Ps.
69 | 50-06-09 | 14-19-18 | 12-10-05 | 9:40 AM Prah‘;'cfeb“' 180/1.2 Praha 285/7 PR | Ps.
70 | 50-05-08 | 12-42-42 | 02-08-05 | 7:45 AM Prameny 300/3.1 Cheb 9023 | KV | Ps.
70-01 | 50-03-25 | 12-47-18 | 02-08-05 | 7:15AM Mnichov 3552.0 | Karlovy Vary | 24020 | KV | Ps.
70-02 | 50-01-50 | 12-37-59 | 05-08-05 | 10:45 AM Lazy 185/2.3 Cheb 110/19 | KV | Ps.
71 | 50-04-33 | 13-25-58 | 27-07-05 | 3:45PM Ostrovec 100/0.6 | Plzefi - sever 0/37 PL | Ps.
72 | 50-03-37 | 16-31-14 | 28-09-05 | 9:15 AM Sedivec 315/1.6 | Ustinad Orlici | 40/12 PU | Ps.
72-02 | 50-02-18 | 16-42-11 | 30-08-05 | 7:40 AM Orlicky 55/1.8 | Ustinad Orlici | 80/22 PU | Ps.
73 | 50-05:24 | 172025 | 31-08:05 | 1035aM | Yronoped o505 Bruntal 325/15 | OV | Ps.
Pradédem
74 | 50-01-55 | 12-31-41 | 25-07-05 | 1:30PM | Dolni Zandov | 315/2.0 Cheb 115/13 | KV | Ps.
75 | 50-01-18 | 13-04-22 | 25-07-05 | 8:30 PM Bu¢ 290/1.0 | Karlovy Vary | 14527 | KV | Ps.
76 | 50-01-07 | 16-22-00 | 28-09-05 | 8:00 AM Rozsocha 110/0.9 | Ustin. Orlici | 320/6 PU | Ps.
77 | 50-00-44 | 17-31-38 | 31-08-05 | 6:55PM Novzofvl;m' 240/1.3 Bruntal 35/5 oV | Ps.
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Krnov .
77-01 | 50-04-50 | 17-43-14 | 08-10-05 1:10 PM . 135/1.5 Bruntal 60/20 oV Ps.

-Marian. Pole

Krnov .

77-02 | 50-04-05 | 17-43-03 | 08-10-05 1:50 PM x , . 145/2.5 Bruntal 60/20 oV Ps.
Cerveny Dvir
Lhotka
78 49-59-59 | 14-05-09 | 11-08-05 1:20 PM 280/1.1 Beroun 15/4 SC Ps.
u Berouna
79 49-58-37 | 14-25-10 | 11-10-05 | 11:10 AM | Praha-To¢na | 305/1.2 | Praha - zapad 180/16 PR Ps.
Praha
79-01 | 50-01-52 | 14-28-37 | 30-10-05 4:10 PM 270/2.2 Praha 175/8 PR Ps.
- Chodov

80 49-59-08 | 14-32-41 | 07-11-05 3:10 PM Prthonice 220/1.9 | Praha - zapad 140/13 PR Ps.
81 49-57-31 | 14-47-15 | 27-08-06 5:45PM Jevany 220/2.3 Kolin 185/7 SC Ps.
82 49-57-44 | 15-11-49 | 23-07-06 0:45 PM Opatovice 175/0.7 Kolin 185/7 SC Ps.
83 49-57-44 | 15-32-28 | 27-10-05 8:00 AM Sololusky 80/1.2 Pardubice 240/18 PU Ps.

Cerna .
83-01 | 50-01-43 | 15-50-49 | 29-10-05 0:50 PM 7a Bory 70/0.9 Pardubice 105/5 PU Ps.
83-02 | 50-07-49 | 15-34-11 | 30-09-05 5:45 PM Vole¢ 340/1.5 Pardubice 300/19 PU Ps.
84 49-58-40 | 15-54-15 | 29-10-05 0:10 PM Dvakacovice 90/0.4 Chrudim 65/8 PU Ps.
85-01 | 50-02-59 | 16-55-21 | 30-08-05 1:55 PM Dvir Raskov | 220/1.1 Sumperk 300/6 OL Ps.
86 49-58-49 | 18-08-07 | 06-10-05 6:50 PM Chuchelna 130/1.2 Opava 75/17 oV Ps.
87 49-54-02 | 12-34-47 | 25-07-05 3:45 PM Broumov 295/2.9 Tachov 340/12 PL Ps.
87-01 | 49-54-07 | 12-37-49 | 25-07-05 5:50 PM | Zadni Chodov | 305/2.3 Tachov 345/10 PL Ps.
88 49-57-10 | 12-56-11 | 02-08-05 | 11:30 AM Staré Sedlo 75/1.5 Karlovy Vary 165/33 KV Ps.
89 | 49-56:49 | 13-44-10 | 10-08-05 | 7:45PM | Podmokly | 7524 | RYShnovmad [o,005 g | ps

Knéznou

90 49-52-30 | 13-26-09 | 04-08-05 4:30 PM Obora 125/2.3 Plzen sever 10/16 PL Ps.
91 49-50-48 | 15-08-11 | 11-10-05 1: 00 PM Pivnisko 170/1.6 Kutna Hora 220/15 SC Ps.
92 49-51-01 | 16-27-36 | 27-10-05 5:10 PM Semanin 165/2.1 Svitavy 345/10 PU P.s.
92-01 | 49-54-09 | 16-08-52 | 29-10-05 9:40 AM Javornik 335/1.5 | Usti nad Orlici 240/18 PU Ps.
92-02 | 49-57-56 | 16-12-12 | 29-10-05 | 11:00 AM Podrazek 195/0.5 | Usti nad Orlici 260/13 PU Ps.
93 49-54-04 | 16-41-18 | 13-10-05 5:00 PM Strazna 225/1.9 | Usti nad Orlici 105/22 PU Ps.
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93-01 | 49-52-58 | 16-57-42 | 13-10-05 3:40 PM Lesnice 105/1.5 Sumperk 200/9 OL Ps.
94 | 49-50-37 | 17-12-29 | 08-10-05 | 6:40 PM Kfiva 20/0.8 Olomouc 35027 | OL | Ps.
94-01 | 49-54-27 | 17-17-08 | 08-10-05 | 5:40 AM Ondfejov 550/ 5 Bruntal 235/16 | OL | Ps.
u Rymartova
95 | 49-49-33 | 17-27-33 | 08-10-05 | 4:25PM | Nové Valtefice | 200/2.6 Bruntal 180/18 | OL | Ps.
Horni
95-01 | 49-46-55 | 17-32-25 | 08-10-05 | 3:30 PM .| 205/1.4 Opava 235/14 | OV | Ps.
Guntramovice
Lesni
96 | 49-49-12 | 17-52-57 | 08-10-05 | 10:00 AM . 45/2.0 Opava 185/13 | OV | Ps.
Albrechtice
96-01 | 49-50-37 | 17-39-28 | 08-10-05 | 2:50 PM Kerhartice | 140/1.3 Opava 240122 | OV | Ps.
96-02 | 49-47-11 | 18-02-08 | 08-10-05 | 10:500 AM Tisek 120/1.5 | Novy Jicin 0/22 oV | Ps.
97 | 49-53-21 | 18-06-04 | 18-10-05 | 11:40 AM | Haj ve Slezsku | 180/1.0 Opava 110/14 | OV | Ps.
98 | 49-49-21 | 18-24-51 | 06-10-05 | 4:20 PM Ostrava 125/2.2 Karvina 245/11 | OV | Ps.
- Petfvald
98-01 | 49-40-41 | 18-26-42 | 01-10-05 | 7:00 PM Dobra 70/2.1 | Frydek Mistek | 85/8 oV | Ps.
98-02 | 49-40-42 | 18-18-40 | 06-10-05 | 1:40 PM Lystivky 20/1.3 | Frydek Mistek |  285/3 oV | Ps.
99 | 49-48-33 | 13-08-12 | 04-08-05 | 1:45PM Luhov 230/0.7 | Plzefisever | 24020 | PL | Ps.
99-01 | 49-46-51 | 13-00-59 | 02-08-05 | 7:30 PM Stiibro 25/3.0 Plzeit 28027 | PL | Ps.
100 | 49-49-00 | 14-11-23 | 12-08-05 | 4:30 PM Voznice 260/1.5 Piibram 40/19 SC | Ps.
101 49-48-54 | 14-29-34 | 12-08-05 7:00 PM | Vysoky Ujezd | 80/1.2 Benesov 285/15 SC Ps.
102 | 49-47-03 | 18-30-18 | 06-10-05 | 5:20PM | Albrechtice | 265/1.6 Karvina 1958 | OV | Ps.
103 | 49-46-14 | 12-32-37 | 02-08-05 | 2:00 PM Lesna 295/1.2 Tachov 240/8 PL | Ps.
103-01 | 49-39-50 | 12-40-41 | 04-08-05 | 7:00 AM Piimda 1701.5 Tachov 170/16 | PL | Ps.
104 | 49-46-08 | 12-50-39 | 02-08-05 | 4:00 PM Plezom 15/0.8 Tachov 100/15 | PL | Ps.
105 | 49-47-07 | 13-53-47 | 10-08-05 | 4:30 PM Nefezin 120/0.9 Piibram 320/14 | SC | Ps.
106 | 49-45-11 | 14-51-20 | 14-11-05 | 3:10PM | RadoSovive | 315/1.6 Benesov 11013 | sC | Ps.
107 | 49-46-37 | 15-31-33 | 27-10-05 | 9:50AM | Hostovlice 15/0.7 Ha]‘;lrfguv 350/21 n | Ps.
108 | 49-46-46 | 15-51-22 | 27-10-05 | 10:50 AM Rvacov 355/1.0 Chrudim 16520 | PU | Ps.
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109 | 49-45-56 | 16-07-40 | 29-10-05 | 8:40 AM Pusta 85/3.5 Chrudim 13032 | PU | Ps.
Kamenice
110 | 49-43-43 | 13-41-15 | 10-08-05 | 1:45PM Dobiiv 355/1.9 | Rokycany 95/7 PL | Ps.
11| 49-42-39 | 14-01-57 | 11-08-05 | 3:00 PM Trhove 110/1.5 Pibram 30/2.8 SC | Ps.
Dusniky
112 | 49-41-35 | 13-26-27 | 04-08-05 | 7:15PM Cernice 100/1.7 Plzeii jih 140/6 PL | Ps.
113 | 49-40-37 | 17-21-48 | 13-10-05 | 0:15PM | Novéa Véska | 30/0.7 Olomouc 45/11 OL | Ps.
114 | 49-39-53 | 18-47-20 | 06-10-06 | 0:30 PM Nydek 85/2.0 | Frydek Mistek | 95/29 oV | Ps.
, 7d4r nad
115 | 49-37-51 | 15-52-47 | 27-10-05 | 0:05 PM Radostin 200/1.5 5 330/10 | Pps.
Sazavou
116 | 49-37-58 | 16-32-55 | 27-10-05 | 4:00 PM DrahoSov 90/0.9 Svitavy 15514 | PU | Ps.
117 | 49-37-23 | 17-23-02 | 13-10-05 | 11:00 AM M*gg‘;?ke 340/1.2 Olomouc 70/10 OL | Ps.
117-01 | 49-36-32 | 17-41-26 | 08-10-05 | 8:20 AM Boiikov 75/0.5 Pierov 45/24 OL | Ps.
118 | 49-35-46 | 17-53-38 | 06-10-05 | 11:10AM | Hrabgtice 145/1.1 | Novy Ji¢in 275/10 | OV | Ps.
119 | 49-37-37 | 18-15-40 | 06-10-05 | 0:15PM Myslik 325/1.1 | Frydek Mistek |  225/9 ov | Sp.
, 7d4r nad
120 | 49-35-49 | 16-10-26 | 27-10-05 | 1:15PM Michov 235/1.4 5 75/16 | Pps.
Sazavou
121 | 49-36-03 | 16-50-21 | 21-10-05 | 9:30 AM Jesenec 230/1.4 | Praha-vychod | 30524 | PR | Ps.
122 | 49-36-35 | 17-02-30 | 21-10-05 | 8:35 AM nNaaQ:f; 260/1.7 Olomouc 27017 | oL | Ps.
123-01 | 49-33-16 | 18-38-59 | 01-10-05 | 0:25PM | Horni Lomna | 270/0.3 | Frydek Mistek | 13027 | OV | Ps.
123-02 | 49-35-19 | 18-32-41 | 01-10-05 | 2:45PM Morivka 40/1.1 | Frydek Mistek | 125/18 | OV | Ps.
Krasna , ,
123-03 | 49-33-26 | 18-29-18 | 01-10-05 | 2:00 PM Visalaje 175/2.6 | Frydek Mistek | 140/14 | OV | Ps.
Slatina o
124 | 49-32-56 | 12-48-53 | 04-08-05 | 9:00 AM ana 60/1.0 Domazlice 32515 | PL | Ps.
u Pobé&zovic
125 | 49-34-26 | 13-02-58 | 04-05-05 | 11:45 AM Cetovice 140/1.7 | Domazlice 25/17 PL | Ps.
126 | 49-32-26 | 13-45-39 | 11-08-05 | 7:20PM | Stary Smolivec | 30/2.0 Piibram 22524 | sc | Pps.
127 | 49-32-21 | 14-07-39 | 12-08-05 | 2:00PM | Kozarovice | 160/1.3 Piibram 15517 | sC | Ps.
128 | 49-32-50 | 14-29-30 | 28-10-05 | 3:40 PM Veletin 125/1.7 Benesov 21030 | sc | Ps.
129 | 49-33-21 | 14-52-01 | 28-10-05 | 5:220 PM Vilice 175/1.0 Tébor 40/20 CB | Ps.
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130 | 49-34-20 | 15-05-39 | 27-08-06 | 2:30 PM Kosetice 31525 | Pelhiimov 325/17 n | Ps.
130-01 | 49-31-47 | 14-59-24 | 07-07-05 | 9:00 PM SaLlﬁ(C)‘t’:a 55/07 Pelhiimov 310/20 b | ps.
131 | 49-33-46 | 15-24-52 | 25-10-05 | 7:50 AM Lestina 290/1.2 Ha]‘;lr‘gguv 245/13 n | Ps.
132-01 | 49-26-14 | 18-25-32 | 01-10-05 | 14:35PM Bila 265/2.4 | Frydek Mistek | 17529 | OV | Ps.
132-02 | 49-28-59 | 18-25-07 | 01-10-05 | 4:00PM | Staré Hamry | 3054/2.5 | Frydek Mistek | 120/18 | OV | Ps.
Slatina
133 | 49-27-02 | 13-11-51 | 19-08-05 | 7:10 AM . 40/1.0 Klatovy 310/10 | PL | Ps.
u Chudenic
134 | 49-25-50 | 12-51-42 | 18-08-05 | 4:45PM Ujezd 230/0.9 | Domazlice 260/5 PL | Ps.
135 | 49-24-29 | 13-26-53 | 19-08-05 | 10:10 AM Planice 305/2.8 Klatovy 85/11 PL | Ps.
136 | 49-25-29 | 15-24-46 | 25-10-05 | 9:10 AM Dusejov 310/1.8 Jihlava 280/13 a | Pps.
137 | 49-28-03 | 15-49-08 | 25-10-05 | 0:50 PM Staj 50/1.6 Jihlava 65/19 b | Pps.
138 | 49-25-46 | 16-10-37 | 27-10-05 | 3:10 PM Jemnice 150/0.9 Zdir nad 130/22 a | Pps.
Sazavou
139 | 49-27-42 | 16-31-19 | 25-10-05 | 5:15PM | LhotauLysic | 120/1.4 Blansko 320/14 | BN | Ps.
140 | 49-28-46 | 16-41-58 | 21-10-05 | 1020 AM | Boskovice | 105/2.6 Blansko 15/14 | BN | Ps.
Valasska ,

141 | 49-24-59 | 18-07-21 | 14-10-05 | 0:30 PM >3 90/1.0 Vsetin 45/13 7L | Ps.

Bystfice
141-01 | 49-22-43 | 18-16-27 | 14-10-05 | 1:40 PM Jezerné 295/1.0 Vsetin 85/20 7L | Ps.
141-02 | 49-16-33 | 18-04-32 | 14-10-05 | 3:00 PM Zdéchov 5/1.6 Vsetin 150/11 | zL | Ps.
141-03 | 49-23-28 | 17-49-08 | 25-07-06 11:45 Rajnochovice | 165/3.0 Zlin 20523 | ZL | Ps.
142 | 49-24-03 | 14-08-49 | 12-08-05 | 11:45 AM Vraz 252.6 Pisck 355/10 | CB | Ps.
143 | 49-24-04 | 17-01-09 | 13-10-05 | 9:40AM | Myslejovice | 230/1.0 | Praha-vychod | 220/11 | PR | Ps.
144 49-23-21 13-51-57 | 26-08-05 6:50 AM Jindfichovice 85/0.7 Strakonice 345/14 CB Ps.
145 | 49-20-11 | 13-03-42 | 08-08-05 | 7:45 AM Chalupy 80/1.2 | Domazlice 14014 | PL | Ps.
146 | 49-23-30 | 14-32-22 | 06-07-05 | 3:30PM | Slaviovice | 60/1.7 Tébor 255/10 | CB | Ps.
147 | 492108 | 14-48-58 | 07-07-05 | s:00pm | PlouhdLhota g, Tabor 125/12 | CB | Ps.

u Tabora
148 | 49-20-19 | 15-10-06 | 07-07-05 | 7:45AM Vldsenice | 151 5 | pelhimov 200/10 b | ps.

- Drbohlavy
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149-01 | 49-23-52 | 17-29-32 | 14-10-05 9:45 AM Prestavlky 50/1.1 Prerov 165/7 OL S.p.
Rusava wrs
150 49-19-51 | 17-41-39 | 14-10-05 | 10:45 AM , 145/2.0 Krométiz 80/22 ZL Ps.
- Raztoka
Hradek
151 49-15-10 | 13-29-34 | 19-08-05 | 0:20 PM - 195/1.1 Klatovy 135/21 PL Ps.
u Susice
152 49-14-37 | 14-34-10 | 06-07-05 | 10:45 AM Hodétin 120/1.8 Tabor 200/21 CB Ps.
153 49-13-54 | 14-50-55 | 07-07-05 | 2:30 PM Dirna 175/1.0 Tabor 145/23 CB Ps.
154 49-14-08 | 15-11-42 | 07-07-05 7:40 AM Zirovnice 135/2.1 Pelhiimov 180/20 JI Ps.
155 | 49-14-48 | 15-28-33 | 25-10-05 | 10:15AM Trestice 90/1.6 Jihlava 205/18 J Ps.
156 | 49-16-35 | 15-53-17 | 25-10-05 | 11:40 AM | Vé&stonovice 140/2.1 Tiebi¢ 355/8 JI Ps.
o Zdar nad
157 49-15-29 | 16-13-42 | 25-10-05 1:50 PM Kosikov 230/1.0 , 145/39 I Ps.
Sazavou
158 | 49-16-21 | 16-55-06 | 13-10-05 | 8:20 AM Drnovice 260/2.3 Vyskov 265/6 BN | Ps.
159-02 | 49-14-36 | 17-08-30 | 15-10-05 | 4:10 PM Lhota 250/0.5 Kroméiiz 250/18 ZL | S.p.
160 49-11-04 | 17-52-13 | 14-10-05 4:20 PM Loucka 335/1.7 Zlin 105/15 ZL Ps.
161 49-08-35 | 13-15-28 | 08-08-05 | 7:30 AM | Zeleznd Ruda | 70/1.3 Klatovy 185/29 PL Ps.
161-01 | 49-15-07 | 13-17-31 | 08-08-05 1:30 PM Jeseni 230/0.7 Klatovy 190/9 PL Ps.
161-02 | 49-10-49 | 13-12-19 | 08-08-05 | 11:45 AM Spigak 370/2.8 Klatovy 195/27 PL Ps.
162 49-10-19 | 13-50-49 | 26-08-05 | 9:05 AM Prkosin 70/0.7 Strakonice 205/11 CB Ps.
163 49-10-09 | 14-04-59 | 29-08-05 | 9:50 AM Pivkovice 140/1.2 Strakonice 125/17 CB Ps.
164 | 49-06-26 | 15-47-47 | 05-10-05 | 4:25PM | Horni Lazany | 90/1.2 Tiebié 210/13 JI Ps.
Brno
165 49-11-36 | 16-31-07 | 21-10-05 0:05 PM . 275/1.5 Brno 265/7 BN Ps.
- Kohoutovice
165-01 | 49-07-42 | 16-32-38 | 21-10-05 1:20 PM Oftechov 30/2.5 | Brno - venkov 210/9 BN | S.p.
166-01 | 49-10-12 | 17-23-46 | 15-10-05 | 2:45PM Kosiky 325/1.9 Uherské 340/11 | ZL | B
Hradisté
166-02 | 49-09-45 | 17-15-55 | 20-10-05 8:40 AM Cetechovice 180/1.2 Krométiz 210/18 ZL Ps.
167 | 49-05-08 | 13-29-57 | 19-08-05 | 3:00 PM Srni 115/1.6 Klatovy 155/37 PL Ps.
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168 49-01-34 | 13-46-41 | 26-08-05 0:25 PM Solna Lhota 120/1.5 Prachatice 275/16 CB Ps.
168-01 | 49-08-37 | 13-35-40 | 19-08-05 | 7:30 PM Kaillfrryske 85/2.5 Klatovy 14035 | PL | Ps.
168-02 | 49-10-11 | 13-34-50 | 19-08-05 | 6:00 PM Ostruzno 260/2.0 Klatovy 145/32 | PL | Ps.
168-03 | 49-03-45 | 13-42-12 | 26-08-05 | 11:45 AM Zdikov 185/2.3 | Prachatice 29524 | CB | Ps.
169 | 49-04-32 | 14-07-10 | 29-08-05 | 0:20 PM Velky Bor | 270/1.2 | Prachatice 45/11 CB | Ps.
Cesky
169-01 | 48-55-23 | 14-10-09 | 28-10-05 | 11:10 PM Kuklov 260/1.0 325/17 | CB | Ps.
Krumlov
s Ceské
170 | 49-05-07 | 14-28-18 | 29-08-05 | 5:10 PM Poncsice 180/1.4 eske 5/13 CB | Ps.
Budgjovice
Ceské
170-01 | 49-11-18 | 14-25-26 | 29-08-05 | 7:15PM Podhiji 20/0.9 eske 350123 | CB | Ps.
Budgjovice
170-02 | 49-09-38 | 14-25-37 | 29-08-05 | 8:40PM | Litoradlice | 170/2.0 Ceské 35020 | CB | Ps.
Budgjovice
171 | 49-04-17 | 14-52-06 | 05-10-05 | 0:45 PM Mlaka 60/2.1 hg‘i;‘g::v 230/14 | CB | Ps.
171-01 | 49-02-44 | 14-59-13 | 05-10-05 | 1:25PM Pibraz 10035 | 7 ‘g‘ﬁ‘i‘;‘v 190/11 | CB | Ps.
17102 | 49-04-58 | 14-44-58 | 28-10-05 | 1:20pm | Lomnicenad | oo, | Jindfichiv 250/18 | CB | Ps.
LuZnici Hradec
172 | 49-01-48 | 15-12-09 | 05-10-05 | 2:20 PM Klaster 90/1.6 J lgdrg‘;:;” 130/19 | CB | Ps.
173 | 49-03-03 | 15-30-09 | 05-10-05 | 5:20 PM Trebétice 207 | Y ‘g‘i;‘g::v 10538 | CB | Ps.
174 | 49-05-43 | 16-12-05 | 20-10-05 | 4:15AM | Dukovany 30/1.5 Trebi& 120/27 Ja | Pps.
175-01 | 48-58-23 | 16-38-56 | 21-10-05 | 3:00 PM Uhercice 330/0.9 Bieclav 330/31 | BN | Br
175-02 | 49-05-47 | 16-27-20 | 20-10-05 | 5:40 PM Siliivky 220/1.7 | Brnovenkov | 225/17 | BN | Ps.
175-03 | 49-00-37 | 16-20-10 | 20-10-05 | 5:00 PM Lesonice 75/1.5 Znojmo 5024 | BN | Ps.
176 | 49-04-49 | 16-56-23 | 25-10-05 | 3:50 PM | Zdrava Voda | 340/1.0 Hodonin 33029 | BN | Br
176-01 | 48-57-58 | 16-47-45 | 21-10-05 | 3:50PM | Boleradice | 275/1.3 Bieclav 34024 | BN | Ps.
177-01 | 49-07-21 | 17-13-40 | 15-10-05 | 5:10 PM Stupava 290/1.0 |  Krom&iiz 21025 | zL | Ps.
178-01 | 49-09-13 | 17-37-36 | 14-10-05 | 5:50 PM Bolll’uzslliiva'ce 210/1.0 Zlin 195/7 ZL | Ps.
. Ceské
179 | 48-58-33 | 14-25-26 | 29-08-05 | 2:45 PM Branisov 105/2.0 eske 270/3 CB | Ps.
Budgjovice
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180 | 48-56-52 | 15-47-44 | 05-10-05 | 3:25PM Zélesi 140/1.2 Znojmo 29522 | BN | Ps.
Hluboké .
181 | 48-56-38 | 16-00-30 | 20-10-05 | 3:00 PM ” 325/2.1 Znojmo 33510 | BN | Ps.
Mastvky
181-01 | 48-53-03 | 16-14-46 | 20-10-05 2:40 PM Lechovice 45/2.1 Znojmo 80/14 BN Ps.
182 | 48-55-06 | 17-08-10 | 20-10-05 | 10:30 AM | Ratiskovice | 260/1.9 Hodonin 0/7 BN | Sp.
182-01 | 48-57-47 | 17-16-52 | 20-10-05 | 9:40 AM Bzenec 135/1.3 Hodonin 40/16 BN | Ps.
182-02 | 48-53-13 | 17-02-40 | 20-10-05 | 11:30AM | Muténice 150/2.1 Hodonin 295/8 BN | Ps.
182-03 | 48-52-38 | 16-56-18 | 20-10-05 | 0:10 PM Cejkovice | 185/2.6 Hodonin 290/14 | BN | Sp.
183 | 48-57-18 | 17-4829 | 15-10-05 | 11:20AM | Bysticepod |50 Uherske 11528 | zL | Ps.
Lopenikem Hradisteé
183-01 | 49-05-41 | 18-00-30 | 15-10-05 | 9:50 AM Brumoy 285/1.2 Zlin 120130 | zL | Ps.
- Bylnice
184 | 48-54-09 | 13-48-40 | 26-08-05 | 2:45PM | CeskéZleby | 45/3.3 Prachatice 23020 | CB | Ps.
. Cesky
184-01 | 48-49-09 | 13-59-11 | 26-08-05 | 4:45PM Zelnava 65/1.6 27024 | CB | Ps.
Krumlov
184-02 | 48-55-33 | 13-59-21 | 15-06-06 | 10:45 AM Zbytiny 160/1.8 | Prachatice 20/9 CB | Ps.
, Ceské
185 | 48-50-30 | 14-31-37 | 05-10-05 | 10:20AM | Mokry Lom | 135/0.5 eske 16515 | CB | Ps.
Budgjovice
186 | 48-52-14 | 14-50-19 | 05-10-05 | 11:50AM | Hrdlofezy | 260/1.6 Jlgzggfv 19532 | CB | Ps.
187 | 48-50-34 | 16-28-49 | 21-10-05 | 5:10 PM Drnholec 195/1.5 Bieclav 28532 | BN | Br
188 | 48-53-52 | 17-34-57 | 15-10-05 | 1:00 PM Suchov 150/2.5 Hodonin 75/34 | BN | Ps.
Cerna Cesky
189 | 48-43-31 | 14-07-15 | 26-08-05 | 7:05 PM ema 5515 235/18 | CB | Ps.
v PoSumavi Krumlov
190-01 | 48-43-47 | 16-51-50 | 20-10-05 | 1:00 PM Bfeclav 1 1¢5/0 7 Bieclav 1853 | BN | Ps.
- PosStorna
Cesky
191 | 48-40-13 | 14-16-48 | 05-10-05 | 8:40 AM Ostrov 240/1.0 180/16 | CB | Ps.
Krumlov
Cesky
192 | 48-40-57 | 14-35-57 | 05-10-05 | 9:40 AM Malonty 115/1.5 12525 | CB | Ps.
Krumlov

Appendix — Table A1 The end.

94




Recommended values Founded values
Element Mean + Std. Dev. Mean + Conf. Interval Median
e e Std. Dev. Standard Error ue.g")
Pleurozium schreberi M2
Ag 0.137* £ 0.014 0.115 + 0.001 0.00097 0.00025 0.115
Al 178 £ 15 207 £ 2 3.25707 0.84097 207
As 098 + 0.07 0.917 + 0.006 0.01087 0.00281 0.916
Ba 17.6 £ 0.7 16.7 £ 0.2 0.29445 0.07603 16.6
Be 0.143* + 0.012 0.007 + 0.0005 0.00086 0.00022 0.007
Bi n.a. 0.115 + 0.001 0.00264 0.00068 0.114
Ca 1910 + 100 1072 + 8 14.4294 3.72566 1075
Cd 0.454 + 0.019 0.490 =+ 0.003 0.00628 0.00162 0.490
Ce 0.35* + 0.03 0.353 + 0.012 0.02219 0.00573 0.342
Co 098 + 0.06 0917 + 0.010 0.01729 0.00447 0.921
Cr 097 + 0.17 0.939 + 0.020 0.03580 0.00924 0.934
Cs 0.55 + 0.04 0.550 + 0.004 0.00733 0.00189 0.548
Cu 68.7 £ 2.5 652 + 0.5 0.82598 0.21327 65.4
Fe 262 + 35 276 + 5 9.51491 2.45674 278
Ga 0.113* + 0.02 0.104 + 0.001 0.00155 0.00040 0.104
Hg 0.058 =+ 0.005 0.053 =+ 0.002 0.00121 0.00054 0.053
In 0.025* + 0.002 0.0251 + 0.0003 0.00047 0.00012 0.025
La 0.195 + 0.018 0.185 + 0.006 0.01126 0.00291 0.178
Li n.a. 0.111 + 0.003 0.00567 0.00147 0.111
Mn 342 £ 17 314 £ 1.6 2.92156 0.75434 314
Mo 0.23* + 0.04 0.206 + 0.007 0.01327 0.00343 0.200
Nd n.a. 0.160 =+ 0.005 0.00902 0.00233 0.154
Ni 163 + 0.9 16.5 + 0.11 0.20280 0.05236 16.6
Pb 6.37 £ 043 6.83 + 0.16 0.28134 0.07264 6.83
Pr n.a. 0.043 £ 0.002 0.00275 0.00071 0.042
Rb 39.6 £ 04 36.1 £ 0.3 0.50828 0.13124 36.0
S 963 + 93 1104 £ 6 10.8065 2.79023 1107
Sb 021 + 0.016 0.188 =+ 0.003 0.00631 0.00163 0.189
Se 0.29 + 0.03 0.287 + 0.010 0.01717 0.00443 0.289
Sn n.a. 0.759 =+ 0.009 0.01683 0.00435 0.762
Sr 531 + 0.15 5.10 + 0.03 0.05647 0.01458 5.10
Th 0.042 + 0.002 0.049 =+ 0.003 0.00588 0.00152 0.048
Tl 0.048* =+ 0.004 0.038 + 0.001 0.00105 0.00027 0.038
U 0.021* =+ 0.005 0.022 + 0.001 0.00139 0.00036 0.022
A% 143 + 0.17 145 + 0.02 0.03032 0.00783 1.45
Y 0.099* + 0.01 0.087 =+ 0.002 0.00300 0.00077 0.087
Zn 36.1 + 1.2 344 + 0.2 0.43537 0.11241 34.5

* Indicative value

Appendix — Table A2 Analytical results of international interlaboratory standard moss materials M2 (Pleurozium schreberi)

in 2005/2006 (n = 15; confidence interval 95 %, n.a. = no stated data).
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Recommended values Founded values
Element Mean + Std. Dev. Mean + Conf. Interval Median
e e Std. Dev. Standard Error ue.g")
Pleurozium schreberi M3

Ag 0.027* £ 0.004 0.024 + 0.001 0.00089 0.00023 0.023
Al 169 =+ 10 175 + 3 5.59799 1.44539 178
As 0.105 + 0.007 0.108 + 0.006 0.01169 0.00302 0.105
Ba 13.7 £ 0.6 129 + 0.1 0.15950 0.04118 12.9
Be 0.015* +0.003 0.007 + 0.001 0.00106 0.00027 0.007
Bi n.a. 0.014 =+ 0.0003 0.00056 0.00014 0.014
Ca 1920 + 70 1140 = 6 11.1913 2.88957 1136
Cd 0.106 + 0.005 0.108 + 0.001 0.00215 0.00056 0.107
Ce 0.25* + 0.03 0.232 + 0.009 0.01690 0.00436 0.236
Co 0.115 + 0.006 0.095 + 0.001 0.00220 0.00057 0.096
Cr 0.67 + 0.19 0.551 + 0.016 0.02860 0.00739 0.547
Cs 0.189 + 0.014 0.183 + 0.001 0.00238 0.00062 0.183
Cu 3.76 + 0.23 3.29 + 0.02 0.04264 0.01101 3.27
Fe 138 + 12 133 + 2 3.05317 0.78833 132
Ga 0.084* + 0.018 0.085 =+ 0.002 0.00277 0.00072 0.086
Hg 0.035 =+ 0.004 0.0394 + 0.0003 0.00026 0.00011 0.0394
In 0.001* =+ 0.001 0.0012 =+ 0.0001 0.00009 0.00002 0.001
La 0.131 + 0.02 0.116 + 0.001 0.00093 0.00024 0.117
Li n.a. 0.072 £ 0.001 0.00265 0.00068 0.072
Mn 535 + 30 499 + 2 4.28837 1.10725 498
Mo 0.10% + 0.04 0.052 + 0.001 0.00139 0.00036 0.052
Nd n.a. 0.096 =+ 0.001 0.00154 0.00040 0.096
Ni 0.95 + 0.08 0.934 + 0.014 0.02546 0.00657 0.934
Pb 333 +£0.25 3.38 + 0.04 0.07924 0.02046 3.38
Pr n.a. 0.026 =+ 0.0002 0.00035 0.00009 0.026
Rb 19.5 + 04 179 + 0.1 0.16281 0.04204 18.0
S 830 + 74 963 + 10 18.4038 4.75183 965
Sb 0.052 + 0.007 0.045 + 0.001 0.00109 0.00028 0.045
Se 0.115 + 0.016 0.073 + 0.012 0.02192 0.00566 0.072
Sn n.a. 0.113 + 0.002 0.00368 0.00095 0.113
Sr 4.64 + 0.24 436 + 0.02 0.03294 0.00851 436
Th 0.027 + 0.002 0.024 + 0.0004 0.00068 0.00018 0.024
Tl 0.053* + 0.002 0.039 =+ 0.0003 0.00061 0.00016 0.039
U 0.0128* + 0.0013 0.012 + 0.001 0.00096 0.00025 0.012
\% 1.19 + 0.15 1.23 + 0.01 0.01758 0.00454 1.22
Y 0.067* + 0.01 0.061 =+ 0.001 0.00220 0.00057 0.060
Zn 254 + 1.1 234 £ 0.1 0.18166 0.04690 23.5

* Indicative value

Appendix — Table A2 Analytical results of international interlaboratory standard moss materials M3 (Pleurozium schreberi)
in 2005/2006 (n = 15; confidence interval 95 %, n.a. = no stated data).
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