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Introduction

Tihe application of mosses as biomonitors .of trace elements I
selected: Slovak industrial areas; miming country, and.Nationa
parks affected by anthropogenic activity is reviewed. Moss
was successiully used also to study temporal and spatial
depaosition.of N and S."A:combination of analytical data
(NAA, and AAS 1n our.case) with principle component
analysis and correlation factor [allowed poliution source
characterization and: apportioning in the, sampled areas:

CentiralecSpi.g (tef filec it . of he
nad HronomCentral Nitra (thermal power. plangt

Cen tiral iSiliovakda (iymiinitng: atr
Gpania dol il na) ;

High Tatra .National-Park: (TANAP).and Low T-atra National
Park (NAPANT).



Material and methods

The environmental samples (spruce needles, mosses, teeth).were not washed
pefore analysis. Elemental analysis was applied to determine the concentration
of'S (LECO .SC 132) and N (LECO'SC 228)dthe Pulsed fast reactor IBRIn
ELNP JINR, Dubna, Russia equipped with the fast pneumatic transfer, system
REGATA and four irradiation channels for Instrumental neutron activation
analysis,.provides activation with thermal, epithermal and fast neutrons.
(Frontasyeva, Pavlov,2000).

The foliage of forest tree species was treated on surface by JEOL lonsputtering.
They were assessed by 'scanning microscope JEOL'840 A-emgdaxalyser
LINK<10000. The wax surface SEM was done .attete] Bel University

Bans k 8§ ' BgsedrCoCoetiicient of occlusion (arithmetical mean of

wax quality of 200 stomata per needles/leave).

I'he accuracy of data published in.paper was verified by 109 separate

Flabor atoriies fand Tt estied by ‘the | UFRC
environmental samples were evaluated by common statistical methods
(ANOVA).



Classification of changes of the epicuticular waxes
of Picea abie¥arst.
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- Maximum of 10% of the total stomatal area shows the beginnings of fussion of
s, ; ki single wax tubules.
--f""*"'i'ﬁ Some of the atypically aggregated wax tubules fuse. to small wax tufts at different
' parts of the stomatal area. The latter cover 10% to 25% of the total stomatal area.
- In addition to the wax tufts plal&ke wax parts can be found which;, in total,

' cover more than 25% and up-to 50% of the total stomatal area.

More than-50% and up to 75% of the total stomatal area shows small parts of
wax tufts as well as large platelet wax forms.

- More than 75% of the total stomatal area is characterized by considerably
ISRV X150 10p & changed wax microstructures. The stomatal antechamber is almost or completely
occluded with an'amorphous wax plug.
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Classification .of-changes:of the epicuticular waxeB.giendula
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Results and discussion
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The results of these investigations were presented in the form
coloured contour maps for each element

Natural sources

metal and chemical products

Leather industry

magnesite works

glass-ceramicproduction




Concentration of Cd, Cr, Cu, Fe, Hg, Ni, Pb, V and Zn (average)
iIn mosses for Slovakia in all survey years

Norway 1990 1995 1996 1997 2000 2005
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Year (number of PMP):
1990(58);1995(79); 1996(69); 1997
(74); 2000 (86); 2005(82);

PMP- Permanent monitoring plots
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Coeflicient of loading by elements KF in:the year 2000

Kf=Cx1/Cxn ,Where:Cx1 1 concentration (median) of respective element in | sample of moss in SLovakia

Cxni concentration (median) of the same

element in Norway

Sites g 1 1-10 10-50 >50
Low Au, Br,l, Ag,Al,As,Ba,Ca,Cd,Ce,Cl,Co,Cr,Cs,Cu,Fe,Hg,In,K,La,Mn Hf
Tatras Mg, S, Se, Mo,N,Na,Ni,Pb,Rb,Sb,Se,Sr,Ta,Tb,Th,U,V,W,Yb,Zn,Zr
Sm, T
Gi a r| Au BrcCl, Ag, Al, As, Ba, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe , Hg, K, La, Hf, Pb,Ta,Yb F
b’ . I, In, Mg, Mo, Na Ni, Rb, Sc, Se, Sm, Sr, Tb, Th, Ti, U, V, W, Zp
asin M
Fth Au, Br, Ag, As, Ba, Cd, Ce, CI, Co, Cs, Cu,Fe, Hg, In, K, La, Mg, Mn, Al, Cr, Sbh, Ta, Yb, Zr Hf
Ca, |, Se | Mo, N,Na, Ni, Pb, Rb, S, Sc, Se, Sm, Sr, Th, Th, Ti, U, V, W,
Tatras Zn
Central Au Br, Ca, Cl, Cu, In, K, Mg, Mn, Na, Rb, Se, Zn Ag, Al, As, Ba, Cd, Co, C_r, Sb,Hf
] Cs, Fe, Hg, |, La, Mo, Ni,
Nitra Pb, Rb, Sc, St, Ta, Tb, Th,
U, VvV, W, Yb
Central Au Br, Ca, CI, In, K, Mg, Mn, Na,Rb,Se Al, As,Ba,Cd,Co,Cr,Cs,Cu,| Ag Hf,
T Fe, Hg,l,La,Mo,Na,Ni,Sc,Sr] Pb,Sb,Ta,
Spi g Th, U,V,W,Zn Tb, Yb
Slovakia Au, Br,In | Ag, As, Ba, Ca, Cd;Cl; Co, Cs, Cu, Fe, Hg, K, La, Mg, Mn,| Al, Ce, Cr, Hf, Pb, Sb, Se,

Mo, N, Na, Ni, Rb;-S; Sb, Sc; Sm, Sr; Ti, U, V, W, Zn

Ta, Th, Th, Yb, Zr




High Tatra National Park (TANAP



