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Ochrana Zivotného prostredia sa stala naliechavym celosvetovym problé-
mom. Nie je to in4C€ ani na Slovensku, kde sa s hospodarskym vyvojom
v poslednych desatrociach postupne zhorSovalo Zivotné prostredie. V niek-
torych slovenskych regionoch vznikli z tohto hladiska az krizové situacie.
Sucasna spolo¢nost stoji preto pred ulohou komplexne riesit problematiku
ochrany zZivotného prostredia, aby sa v ¢o nakratSom cCase dosiahla ekolo-
gicka rovnovaha a aby sa pri predpokladanom dynamickom rozvoji ekono-
miky racionalne vyuzivali prirodné zdroje krajiny.

NenahraditeInu tlohu pri rieSeni problémov Zivotného prostredia plni geo-
l6gia. Vyplyva to z toho, Ze prirodné prostredie ako subsystém zivotného
prostredia je v rozhodujucej miere determinované geologickym prostredim.
Pritom prirodné prostredie tvori hmotnt podstatu, ramec ostatnych sub-
systémov Zivotného prostredia, t. j. technickych, ekonomickych a social-
nych faktorov. Geologicky vyskum a prieskum svojimi vysledkami vzdy,
¢iuz priamo alebo nepriamo, vplyval i na stav poznatkov o Zivotnom prost-
redi na uzemi Slovenska. Preto je nevyhnutné, aby sa na rieSenie najaktual-
nejSich problémov ochrany a tvorby Zivotného prostredia zameral uceleny
geologicky projekt, aby sa vyuzili dosial ziskané i nové poznatky o stave
geologického prostredia a aby sa vysledky tohto usilia predlozili verejnosti
v subornej podobe a forme.

S tymto cielom Geologicky ustav Dionyza Stura v Bratislave spolu s dal$i-
mi geologickymi a prirodovedne orientovanymi instituciami predlozili roku
1990 projekt Vyskum geologickych faktorov Zivotného prostredia. Komplex-
nost tohto projektu utvara podmienky, aby sa geologické poznatky mohli
ovela plnSie uplatnit pri ochrane Zivotného prostredia na Slovensku. V ram-
ci projektu sa uskuto¢nilo geochemické mapovanie na§ho tizemia s cielom
zistit distribuciu obsahov chemickych prvkov v hlavnych zlozkach Zivotné-
ho prostredia - v horninach, pédach, rieénych sedimentoch, podzemnych
vodach, lesnej biomase - a zaroven regionalne charakterizovat radioaktivi-
tu na uzemi Slovenskej republiky.

Predkladané dielo, zamerané na lesnu biomasu, je druhou ¢astou subornej
edicie Geochemicky atlas Slovenska, ktorii z poverenia Ministerstva Zivot-
ného prostredia Slovenskej republiky vydava Geologicka sluzba Slovenskej
republiky. Dal§ie ¢asti edicie su zamerané na podzemné vody, rieéne sedi-
menty, pody, radioaktivitu uzemia Slovenska a chemické zloZenie hlavnych
horninovych typov z celého uzemia Slovenskej republiky. Subornym die-
lom Geochemicky atlas Slovenska slovenska geoldgia poskytuje nevyhnutné
podklady objektivneho hodnotenia kvalitativnych parametrov Statneho tize-
mia, a tym aj vychodiska racionalneho rozhodovania v oblasti ekologickej
politiky Slovenskej republiky. Ministerstvo Zivotného prostredia Slovenskej
republiky, ktoré prostrednictvom svojej Sekcie geologie a prirodnych zdro-
jov zabezpecuje pre tuto politiku vSetky nevyhnutné poznatky o geologic-
kej stavbe, surovinach, vodach a ostatnych geologickych faktoroch pri-
rodného prostredia, vydanim Geochemického atlasu Slovenska vyznamne
prispeje k objektivnemu posudeniu stupna znecistenia hlavnych zloziek
Zivotného prostredia, ¢o ma mimoriadny vyznam aj v kontexte zahranic-
nych vztahov Slovenskej republiky.

Chcem podakovat rieSitelskému kolektivu Geologickej sluzby Slovenskej
republiky i kooperujucim organizacidm za kvalitnu pracu, ktorej vysoka
odborna uroven umozni Slovensku zaradif sa medzi najvyspelejsie krajiny,
pokial ide o poznavanie geologického prostredia uzemia S§tatu. V mene
ministerstva zaroven vyslovujem presvedCenie, Ze toto dielo sa v sfére eko-
légie a environmentalistiky plne vyuZije na prospech obCanov Slovenskej
republiky. Geochemicky atlas Slovenska je aj vyznamnym vkladom naSej
republiky k pripravovanému Geochemickému atlasu Eurdpy, ktory je jednym
z cielov Medzindrodného geologického korelacného programu (1GCP)
¢. 360 Global Geochemical Baselines, v §irSom kontexte zameraného na
poznanie geochemickych a geochemicko-environmentalnych ¢it jednotli-
vych kontinentov Zeme.

The environmental protection has become an urgent global problem. This
is very similar also in Slovakia, where in the last decades the environment
subsequently deteriorated due to economic progress. From this point of
view even critical situations in some Slovak regions originated. Therefore,
the present-day society has to solve the task of environmental protection in
a complex way, in order to reach the ecological equilibrium in the shortest
possible time and in order to use the natural resources of the country
reasonably, assuming dynamic evolution of the economy.

Geology has an irreplaceable function in the solution of environmental pro-
blems. It results from the fact, that the natural environment as an environ-
mental subsystem is predominantly influenced by the geological environ-
ment. And the natural environment forms a basis, a framework of other
environmental subsystems, that means technical, economic and social fac-
tors. Geological survey and exploration with their results have ever, direct-
ly or not, influenced also the state of the environmental information at the
territory of Slovakia. Therefore it is necessary to focus a complex geologi-
cal project on the solution of the most actual problems of the environmen-
tal control and protection, in order to use both, older and more recent
information about the state of geological environment, and, in order to sub-
mit the results of this effort to the public in a complete shape and form.
Following this aim, in the year 1990, Dionyz Stur Institute of Geology
together with other geological and natural sciences oriented institutions,
submitted the project Research of the Geological Factors of the Environment.
The complexity of this project forms conditions for much better use of geo-
logical information in the environmental protection in Slovakia. As a part
of the project, the geological mapping of our regions was performed, with
the aim to determine the distribution of the chemical elements in the main
environmental components - rocks, soil, stream sediments, ground waters,
forest biomass - and simultaneously to characterise the radioactivity at the
territory of Slovak Republic.

The submitted work, focused on forest biomass, is the second part of the
Geochemical Atlas of Slovakia summary edition, which was published by
Geological Survey of Slovak Republic under the supervision of the national
Ministry of the Environment. Next parts of the edition are focused on
ground waters, stream sediments, soils, radioactivity and main rock types at
the territory of Slovak Republic. With the integrated work Geochemical Atlas
of Slovakia, provide the Slovak geology necessary foundations for objective
evaluation of qualitative parameters of the state territory, and by this way
also the bases for reasonable decisions in the Slovak environmental policy.
Section of Geology and Natural Resources under the Ministry of the En-
vironment of the Slovak Republic provides all necessary information about
the geological structure, raw materials, waters and other geologic environ-
mental factors for the above policy. The publishing of the Geochemical Atlas
of Slovakia will significantly contribute to the objective evaluation of the
main environmental components contamination degree, which is extremely
important also in the context of foreign relations of Slovak Republic.

I would like to thank the realisation team at the Geological Survey of Slo-
vak Republic and the co-operating organisations for their excellent work.
The high professional level of this work permits Slovakia to enter the group
of most advanced countries, concerning the knowledge of geological en-
vironment of the state territory. In behalf of the Ministry I simultaneously
express my persuasion, that this work will be utilized in the fields of ecolo-
gy and environmentalism for the benefit of the citizens of Slovak republic.
Geochemical Atlas of Slovakia is also an important contribution of our re-
public to the prepared Geochemical Atlas of Europe, one of the goals of the
International Geological Correlation Program (IGCP) no. 360 Global Geo-
chemical Baselines, within the more general context focused on getting the
deeper knowledge of geochemical and geochemical-environmental features
of particular continents of the World.

Jouf ek

Jozef Zlocha
minister Zivotného prostredia Slovenskej republiky
Minister of the Environment of the Slovak Republic
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1. PREDSLOV

Jednym z najkomplexnejSich programov geochemického mapovania na-
rodnych uzemi, ktoré sa uskuto¢nuje ako sucast Medzindrodného geologic-
kého korelacného programu (IGCP) ¢. 259 od roku 1988 (od roku 1992
IGCP ¢. 360 Global Geochemical Baselines), je projekt geochemického
mapovania uzemia Slovenskej republiky. Realizuje sa od roku 1991, jeho
koordinatorom je Geologicky tstav Dionyza Stura v Bratislave a na rieseni
sa zucastnuje niekol'ko dalSich organizacii. Geochemické mapovanie slo-
venského uzemia sa zameriava na riecne sedimenty, podzemné vody, hor-
niny, lesnu biomasu, pddy a radioaktivitu. V pripade lesnej biomasy je hlav-
nym rieSitelskym pracoviskom Lesnicky vyskumny ustav vo Zvolene.
Predkladané dielo vychadza v edicii Geochemicky atlas Slovenska ako jej
druha cast a je venované lesnej biomase. Geochemické Studium lesnej
biomasy bolo zaclenené do projektu regionalneho geochemického mapova-
nia preto, aby sa dosiahlo ¢o najkomplexnejSie poznanie zakladnych geoche-
mickych ¢rt slovenského uzemia. Chemické zloZenie biomasy a jeho vztah
ku geochemickému charakteru hornin, zvetralin, p6d a vod nie je len objek-
tom vedeckého zaujmu geochemikov, ale ma aj bezprostredny prakticky
vyznam pre poznanie regionalnych zmien v chemizme biomasy. Tie nemusia
byt len dosledkom prirodzenych stanoviStnych rozdielov, ale aj negativnych
antropogénnych vplyvov. Preto treba pokladat geochemické mapovanie bio-
masy za integralnu sucast prehlbovania regionalnych geochemickych poznat-
kov 0 naSom uzemi. Takyto druh mapovania ma vSak i svoj nezanedbatelny
medzinarodny aspekt, pretoze umoznuje objektivne zaclenit slovenské uze-
mie do medzinarodnych interpreta¢nych schém, predovSetkym v suvislosti
s hodnotenim urovne poskodenia lesnych ekosystémov.

Je zrejmé, ze vyskum chemického zlozenia biomasy je z vecného aj meto-
dického hladiska vel'mi Siroky a komplikovany. V naSom pripade sme sa
zamerali len na lesni biomasu, teda z objemového hladiska podstatnu cast
rastlinnej biomasy na naSom uzemi. Pritom sa vyuzili poznatky z prebicha-
juceho vyskumu trvalych monitorovacich ploch v lesoch Slovenskej repub-
liky, ktory je sucastou dlhodobejSich vyskumnych zamerov Lesnickeho
vyskumného ustavu vo Zvolene.

Dolezitou zlozkou rieSenia problematiky geochemického mapovania tze-
mia Slovenskej republiky je Siroka a plodna medzinarodna spolupraca
v metodike odberu vzoriek aj v problematike chemickych analyz $pecific-
kého vzorkového materialu a kontroly analytickych vysledkov.

Vsetky spominané aspekty podrobne rozobera predkladané dielo. Verim, zZe
bude vyznamnym prinosom nielen pre geochémiu ako vednu disciplinu
(objektivne stanovovanie fonovych koncentracii chemickych prvkov v hlav-
nych zlozkach zemského telesa), ale aj pre prax, Ze sa uplatni pri rieSeni
problémov ekologickej politiky Statu, predovSetkym v lesnom hospodarstve
pri zistovani pri¢in degradacie lesnych pod a porastov.

Dovolte, aby som podakoval rieSitelskému kolektivu Lesnickeho vyskum-
ného ustavu za vykonanu pracu pri tvorbe jednej z najnaro¢nejSich Casti
edicie Geochemicky atlas Slovenska. Osobitna vdaka patri hlavnej rieSitel'ke
a autorke tohto diela pani Ing. Blanke Mankovskej, CSc.

1. FOREWORD

The project of geochemical mapping of the Slovak territory which started
in 1991ranks among the most complex programmes of geochemical map-
ping of national territories included in the International Geological
Correlation Programme (IGCP). Coordinated by the Dionyz Stur Institute
of Geology, the project involves a number of other organizations. The geo-
chemical mapping of Slovakia’s territory is aimed at stream sediments,
groundwaters, rocks, forest biomass, soils and radioactivity in the territo-
ry concerned. Forest biomass is the responsibility mainly of the Forest
Research Institute at Zvolen.

The submitted work published as part two of the Geochemical Atlas of
Slovakia deals with forest biomass. Geochemical study of forest biomass
has been included in the regional geochemical-mapping project so that
essential geochemical characteristics of Slovakia’s territory are recognized
as comprehensively as possible. The biomass chemistry and its relation-
ship to the geochemical character of rocks, weathered overburden, soils
and waters is not investigated just for purely scientific reasons but also
because it has a direct practical impact on the knowledge of regional chan-
ges in biomass chemical composition which may result not only from
natural differences between individual sample sites but also from adverse
human activities. That is why the geochemical mapping of biomass must
be considered as an integral part of regional geochemical knowledge on
Slovakia’s territory. This kind of mapping, however, also has a major inter-
national aspect as it allows to objectively include our territory into inter-
national interpretation schemes, mainly as regards the evaluation of dama-
ge to forest ecosystems.

The research of biomass chemistry obviously is a wide and comprehensi-
ve one as to both its subject and methods applied. Our attention focused
only on forest biomass which clearly dominates by volume plant biomass
in Slovakia’s territory. In our investigations we applied data gathered by
ongoing monitoring of permanent monitoring areas in Slovak forests
which is part of a long-term research carried out by the Forest Research
Institute at Zvolen.

The geochemical mapping of the Slovak territory entailed wide and fruit-
ful international cooperation in the field of sampling techniques, chemical
analyses of specific materials and check analyses.

All the above aspects are described in detail in the submitted work which,
I firmly believe, will be a major contribution to geochemistry as a scienti-
fic discipline (objective determination of background concentrations of
chemical elements in the main constituents of the earth), but mainly to
practical resolving of Slovakia’s serious environmental problems mainly in
forestry by finding out the causes of degradation of forest soils and vege-
tation.

Finally, I wish to thank the authors with the Forest Research Institute for
their work in the compilation of one of the Atlas’s most arduous parts.
Special gratitude goes to the chief researcher and author of this part Mrs.
Blanka Mankovska.

RNDr. Kamil Vrana, CSc.
koordinator projektu
project coordinator



2. UvoD

V geologickej historii Zeme sa niektoré znecistujuce latky nachadzali
v atmosfére zrejme v ovela vysSich koncentracidch ako dnes. Postupne boli
z atmosféry vymyvané a ukladali sa na pevniny a do oceanov. Z globalne-
ho kolobehu latok sa dostavali velmi pomaly. Pomalost tohto procesu
umoznovala floére v danych geologickych obdobiach, aby sa prisposobova-
la postupnym zmenam. Pritom tie rastlinné druhy, ktoré neboli schopné
prisposobif sa, postupne zanikali. Toto vypadavanie latok z kolobehu a ich
depozicia trvali stamiliény rokov. V sucasnosti sa vSak latky do prirodné-
ho prostredia vracaju neporovnatelne rychlejSie, v rozpati maximalne
dvoch-troch storoci. Je isté, ze flora sa chce zmenam Zivotnych podmie-
nok prisposobit, vyvstava vSak otazka, ¢i bude mat dost Casu na takuto
reakciu a Ci sa jej to vobec podari. Chradnutie lesov na Slovensku tuto
otazku jednoznacéne podciarkuje.

Zemsku koru moézeme pokladat za prirodny rezervoar vSetkych chemic-
kych prvkov biosféry. Viac ako 99% z jej celkovej hmoty tvori osem z 88
v prirode sa vyskytujucich prvkov. Koéra sa sklada zo 46,4% Xkyslika,
28,15% kremika, 8,23% hlinika, 5,63% zeleza, 4,15% vapnika, 2,36% sodi-
ka, 2,33% horcika a 2,09% draslika. Kyslik je jediny nekov medzi najfre-
kventovanejSimi prvkami zemskej kory. Ostatnych 80 prvkov je v nej zastu-
penych menej ako jednym percentom.

Hlavna frakcia cerstvej hmoty zivych organizmov, ktoré metabolizuju,
obsahuje priemerne 85 — 90% vody. SuSina rastlinnych organizmov sa
sklada najmé z tychto prvkov: uhlik (50%), kyslik (384 %), vodik (6,5%),
dusik (1,5%), fosfor (0,2%), sira (0,3%) a alkalické kovy a kovy alkalickych
zemin — draslik (1,9%), vapnik (1,0%) a horcik (0,2%).

V protiklade k zemskej kore sa hlavna hmota organického Zivota sklada
z nekovov. Na zaklade zvySeného vyskytu vo vegetacii devit z nich ozna-
Cujeme ako makroelementy. Prvky, ktoré su Zivotne doblezité pre rastliny
v nizSich koncentraciach sa nazyvaju mikroelementy. Medzi ne patri chlor
(2000 mg.kg?), kremik (1000 mg.kg?), mangan (200 mg.kg™), sodik
(150 mg.kg?), Zelezo (150 mg.kg?), zinok (50 mg.kg?), bor (40 mg.kg?),
med (10 mg.kg?), chrom (1,5 mg.kg™), molybdén (0,5 mg.kg™) a kobalt
(0,2 mg.kg™). Obidve skupiny, makro- aj mikroelementy, su nevyhnutné
pre rast a normalny vyvoj vegetacie. Vo vyzive rastlin ich nemoéze nahradit
nijaky iny prvok. Nazyvame ich preto esencialnymi.

Ako vzorkovy material na geochemické mapovanie sa vyuZivaju liSajniky,
machy a vysSie rastliny. Moznost sledovat obsah kovov a stav vyzivovo
vyznamnych prvkov Zivotného prostredia na zaklade listovej analyzy na-
miesto priameho merania imisii v ekosystéme sa intenzivne vyuziva viac ako
25 rokov. Vyssie rastliny su pritom vyhodné pre vel'ké rozmery svojich asi-
milaénych organov. Prvky sa z nich separuju ovela IahSie ako z machov
a liSajnikov. VysSie rastliny maju dobre vyvinuté vodivé tkaniva, ¢o umoznu-
je premiestnovanie vSetkych mobilnych prvkov. Viaceri autori dokazali, ze
asimilacné organy lesnych drevin z kontaminovanych oblasti mozno pokla-
dat za akumula¢ny monitor, priCcom je vSak velké mnoZstvo prvkov (tzv.
exogénny obsah) uloZenych na povrchu alebo vo voskovej vrstve.

Pri vybere lesnych drevin bolo treba brat do uvahy poznatky o biologickej
variabilite medzi jednotlivymi druhmi alebo jedincami tych istych druhov
a ich organmi, napr. ochlpené a drsné listy s lepSim akumulatorom ako
listie s hladkym povrchom (DEU — KREB, 1990). Obsah viazanych kovov
v asimila¢nych organoch vykazuje sezonnu variabilitu, pricom koniec vege-
tacného obdobia znamena najvyssie koncentracie. Podobne to plati o kon-
centraciach v starSich ro¢nikoch ihli¢ia. Transpiracia je dolezita pri trans-
porte prvkov z korenov do asimilanych orgdnov. Dreviny, ktoré rastu
v tieni, akumuluju menej kovov ako dreviny na slne¢nych miestach. Z tych
istych pri¢in mozu asimilacné organy z vrcholcov stromov akumulovat viac
prvkov ako zo spodnej Casti koruny. Anatémia asimilaénych organov a ich
relativna hmotnost zavisi od vodnych a svetelnych podmienok. Zatienené
listy su lahSie ako nezatienené, ¢o treba brat do uvahy pri prepocte kon-
centracie na susinu. PoSkodené tkaniva obsahuju nizsiu hladinu kovov ako
normalne tkaniva (REJONEN — NUORTEVA, 1990). Variabilita koncentracie
prvkov zavisi od parametrov vzorkovania (WAGNER, 1990).

VysSie rastliny ako akumulativny monitor maju najma tu vyhodu, Ze ich
fyzioldgiu, ekologiu a morfologiu pozname lepSie ako pri nizsich rastlinach.
Na rozdiel od nizsich rastlin, ktoré vedia urcovat iba Specialisti, na uréenie
vacésiny vyssich rastlinnych druhov nie je potrebna osobitna odbornost.
Lesné dreviny su navySe dolezity interceptor v lesnych ekosystémoch
(WItTIG, 1990).Preto ma vyuzivanie asimilaénych organov lesnych drevin
ako akumulac¢ného monitora velku ekologicku zavaznost. Vela druhov

2. INTRODUCTION

Over the geological history of the Earth, some pollutants were probably
much more abundant in the atmosphere than at present. They were gra-
dually washed out of the atmosphere and deposited on the continents and
in the oceans. Thus they were extremely slowly removed from the global cir-
culation of elements. The process was so slow that the flora of the past geo-
logical eras had time enough to adapt to the changes. Those plant species
which were unable to comply with these changes died out little by little.
The process of matter removal from the circulation and its deposition took
hundreds of millions of years. Nowadays, however, the elements return to
the environment much faster —in a time span as short as two or three cen-
turies. The flora surely wants to adapt to the changing environment, but it
is questionable whether it will have time enough and whether it will ulti-
mately succeed in it. The degeneration of Slovakia’s forests is a very clear
evidence of this.

The earth’s crust may be regarded as a natural reservoir of all chemical ele-
ments in the biosphere. 8 from a total of 88 natural elements make up more
than 99% of the earth’s crust weight. Oxygen accounts for 46.4% of the
crust, silicium 28.15%, aluminium 8.23%, iron 5.63%, calcium 4.15%,
sodium 2.36%, magnesium 2.33% and potassium 2.09%. Oxygen is the
only nonmetallic element among the eight most abundant elements in the
earth’s crust. All the other 80 elements combined make up less than 1%.
Water is the main fraction of live metabolizing organisms as they contain
on average 85 — 90% of it. Dried bodies of plants are dominated by carbon
(50%), oxygen (38.4%), hydrogen (6.5%), nitrogen (1.5%), phosphorus
(0.2%), sulphur (0.3%), alkali metals and alkali-earth metals.

In contrast to the earth’s crust, organisms are composed mostly of nonme-
tallics. Thanks to their increased contents in vegetation, nine elements are
referred to as macroelements. Elements whose concentrations in plants are
lower but still are crucial for their life are called microelements. These com-
prise chlorine (2000 mg.kg?), silicium (1000 mg.kg™), manganese (200
mg.kg?), sodium (150 mg.kg?), iron (150 mg.kg?), zinc (50 mg.kg™),
boron (40 mg.kg?), copper (10 mg.kg?), chromiun (1.5 mg.kg?), molyb-
denium (0.5 mg.kg?), and cobalt (0.2 mg.kg™). Both macro- and microe-
lements are indispensable to growth and normal life of vegetation, and
can be replaced by no other element. Therefore they are referred to as
essential.

Geochemical mapping focuses on lichens, mosses and higher plants. The
possibility to monitor metal contents and state of essential nutrient ele-
ments in the environment through foliar analysis instead of direct measu-
ring of imissions in the ecosystem has been intensively studied for more
than 25years. Higher plants are suitable for the purpose because are bigger
and their foliage are much easier to separate than those of mosses and
lichens. Higher plants have well developed vascular systems to transport all
mobile elements. Many works prove that foliage of forest tree species from
contaminated areas can serve as an accumulation monitor, many of the ele-
ments (so-called exogenic content) being stored on their surface or in their
vax layer.

The selection of the forest tree species to be investigated was based on the
knowledge of biologic variability between individual species, individual
plants of the same species and their organs. For example, hairy and rough
leaves are better accumulators than those with smooth surface (DEU and
KREeN, 1990).The contents of metals bonded on leaves display seasonal
variability — the highest concentrations occur at the end of the vegetation
season and the same applies to concentrations in older, several-year-old
needles. Transpiration plays an important role in the transport of elements
from roots to leaves. Tree species growing in shade accumulate less metals
than those in sunny places. For the same reason, foliage in higher parts of
tree tops can amass more elements than those from the lower section. The
anatomy and relative weight of leaves depend also on the amount of water
and light available. Shady leaves are lighter-in-weight than ones exposed to
sunlight, a fact that must not be ignored in the conversion of elemental con-
centration into dry matter. Damaged tissues contain less metals than heal-
thy ones (REIONEN and NUORTEvA, 1990). The variability of elemental
concentration is also controlled by sampling parameters (WAGNER, 1990).
Higher plants are better accumulation monitors than lower plants, because
the physiology, ecology and morphology of the former are known in more
detail. Unlike lower plants which can be identified only by specialists, hig-
her ones can be identified also by fairly inexperienced staff. In addition,
forest tree species are a significant interceptor in forest ecosystems



lesnych drevin je dostupnych vo velkom mnoZstve a vicSina je porovnatel-
ne toxitolerantna (vyskytuju sa aj v oblastiach s vysokym znecistenim
ovzduSia, napr. v mestskych centrach, v priemyselnych oblastiach, resp.
popri vozovkach). Lesné dreviny umozZnuju aj retrospektivny monitoring
(analyzou stromovych prirastkov).

Geochemickému mapovaniu vyhovuju dreviny Pinus sylvestris L., Picea
abies Karst., Fagus sylvatica L. a Quercus species. VSetky tieto druhy st roz-
sirené v Eurdpe, a preto su velmi vhodnymi objektmi vyskumu aj na Slo-
vensku.

Ucelom atlasu je podat celkovy pohlad o elementovom koncentraénom
kadastri na zaklade materialu ziskaného odberom asimilaénych organov
lesnych drevin Slovenska.

(WItTIG, 1990).That is why foliage of forest tree species are extremely use-
ful accumulation monitors in ecologic investigations. Many species of forest
trees are abundant in nature and the majority of them are relatively toxitole-
rant (they grow also in severely polluted areas, such as city centres, industrial
areas and near busy roads). Forest tree species allow also retroactive moni-
toring through an analysis of tree growth rings.

Woody plants suitable for geochemical mapping include Pinus sylvestris L.,
Picea abies Karst., Fagus sylvatica L. and Quercus species. All these species
are widely distributed in Europe and therefore are also very useful in inves-
tigations in Slovakia, too. The Atlas’s objective is to give an overall review
of elemental concentrations based on foliage of forest tree species collec-
ted in Slovakia.



3. KONCEPCIA ATLASU

Geochemické mapovanie lesnej biomasy (asimilaénych organov lesnych
drevin) sa v Lesnickom vyskumnom ustave za¢alo roku 1965ako sucast zis-
tovania pri¢in poSkodenia lesnych porastov. Vyskumy v okoli vyznamného
zdroja emisii v Ziari nad Hronom viedli k zaverom, Ze lesné porasty su
vdaka svojmu filtraénému efektu vystavené intenzivnemu podsobeniu kyslo
posobiacich skodlivin. Podobné poznatky o zatazeni lesnych porastov
v blizkom okoli emisnych zdrojov sa zistili napriklad aj v oblasti Lubenik,
Jelsava, Krompachy, Nizna Slana, Rudnany, Siroka, Vajskova, Dubova
a Strazske. Po roku 1980, ked sa prejavilo vyrazné poSkodenie na vacSich
plochach aj vo vysSich polohach, venovala sa pozornost lesnym porastom
v Tatranskom narodnom parku (TANAP), v Narodnom parku Nizke Tatry
(NAPANT), na hornej Orave a v Beskydoch.

Potreba geochemického mapovania asimila¢nych organov lesnych drevin
vyplynula z poziadavky zistit mozné priiny chradnutia lesnych ekosys-
témov Slovenska. S pribudanim ekologickych problémov v minulych ro-
koch vyvstavala aj nevyhnutnost porozumiet ,,spravaniu sa“ chemickych
prvkov.

Mapovanie prispelo k rozvoju metod zberu vzoriek asimilaénych organov
lesnych drevin, zaobchadzania s nimi a ich analyzy, ale vyziadalo si aj pri-
meranu jednoduchu a zrozumitelni formu prezentovania velkého mnoz-
stva ziskanych poznatkov. Skusenosti v tejto oblasti boli zakladom pripra-
vy geochemickej mapy lesnej biomasy.

Lesnd biomasa, druha cCast edicie Geochemicky atlas Slovenska, je uréena
nielen odbornikom, ale aj SirSiemu okruhu zaujemcov, u ktorych nemozno
predpokladat rozsiahlejSie predchadzajuce znalosti lesnictva a geochémie.
Preto jej text obsahuje zakladné informacie o lesnych drevinach na Slo-
vensku a hodnotenie ich zdravotného stavu. Osobitna pozornost sa venuje
opisu prvkov z hladiska ich esenciality, toxicity a antropogénnej zataze so
zameranim na vybrané priemyselné oblasti a horské lesy, Co sa nezaobide
bez pouZzitia Specialnych lesnickych a geologickych terminov.

Studijny material pre druht ¢ast Geochemického atlasu predstavovali vzor-
ky asimila¢nych organov lesnych drevin z 3062 odberovych miest v sieti
4 x 4 km (v priemyselnych oblastiach v zhustenej sieti 1 x 1 km). Atlas sle-
duje zakladnu distribuciu chemickych prvkov v lesnej biomase Slovenska,
opisuje pouzity vzorkovy material, zaobchadzanie s nim a vysledky jeho
analyzy. Ziskané poznatky ako celok su uloZené v organizovanej databaze
Lesnickeho vyskumného ustavu a zaujemcovia o ich vyuZitie méZzu o ne
toto pracovisko poziadat.

Stvrta kapitola obsahuje informacie o lesnych drevinach, prehlad o distri-
bucii prvkov (stredné koncentracie 26 elementov) v asimila¢nych organoch
lesnych drevin na Slovensku a vysledky rontgenovych analyz usadenych
¢astic v ich prieduchoch. Udaje o vyskyte prvkov v zemskej kore a v pode
st prevzaté z literatury. Cast B sa zaobera geochémiou 26 studovanych prv-
kov v abecednom poradi ich chemickych symbolov a poskytuje informacie
o prvkoch obsiahnutych v jednotlivych druhoch lesnych drevin. Mapy na-
zorne ukazuju distribuciu prvkov v lesnej biomase krajiny. Ako sa v texte
zdoraznuje, vyber map sledoval zakladny, a nie Specificky ucel, takZe uka-
zuju iba niektoré, v buducnosti typické distribucie prvkov a poskytuju iba
¢ast celkovych informacii, ktoré by sa mohli extrahovat z udajov. Osobitna
pozornost sa venuje distribucii prvkov v piatich priemyselnych oblastiach,
jednej vojenskej oblasti a v piatich horskych lesoch. Ako doplnok geoche-
mickych map sluzia mapy, na ktorych je celkova zataz imisiami vyjadrena
koeficientom zataZenia imisiami K, a priesvitkové mapy odberovych miest
s uvedenim vzorkovej dreviny (smreka — Picea abies Karst. a buka — Fagus
sylvatica L.).

Pouzity mapovaci postup sprostredkuje nové informacie, uzitocné pre envi-
ronmentalne Studium. Malé geochemické mapy zobrazujuce vel'ké uzemia
sa mozu uplatnif v mnohych oblastiach vedeckej prace a praktickej Cin-
nosti. Mozno ich vyuzif pri Studiu distribucie prvkov v zemskej kore, pri-
stupnosti vyZivovo vyznamnych ¢i toxickych elementov pre rastliny a napo-
kon aj vplyvu ¢loveka na prostredie.
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3. ATLAS CONCEPTION

Geochemical mapping of forest biomass (foliage of forest tree species) star-
ted in 1965as part of the Forest Reseach Institute’s investigations aimed at
finding the causes of forest damages. Investigations carried out in the vici-
nity of a major emission source at Ziar nad Hronom revealed that local
forest stands were severely attacked by acid pollution through their filtra-
tion effect. Similar conditions were found in forest stands adjacent to other
emission sources, such as those at Lubenik, JelSava, Krompachy, NizZna
Slana, Rudnany, Siroka, Vajskova, Dubova and Strazske. Since 1980, when
severe damages were noted in higher elevations, much attention has been
paid to forest stands in the Tatry National Park (TANAP), Nizke Tatry
National Park (NAPANT), Upper Orava and Beskydy Mts.

Geochemical mapping of foliage of forest tree species was needed to find
out possible reasons of the dying of Slovakia’s forest ecosystems. This map-
ping contributed to the development of techniques to collect samples of fo-
liage of forest tree species, sample treatment and analysis, and presentation
of vast numbers of data in an easy-to-understand form. These techniques
were also used to compile the forest-biomass geochemical map presented
in this Atlas. The understanding of the behaviour of chemical elements has
become increasingly important in recent years to face the growing environ-
mental problems.

Second in this series, the Geochemical Atlas of Slovakia, part two. Forest
Biomass, is not intended for experts only. It is a basic publication which can
be read by anyone who has at least limited previous knowledge of forestry
and geochemistry. The Atlas therefore gives essential information about
Slovakia’s forest tree species and assessment of their health condition.
Special attention is paid to the essentiality, toxicity and anthropogeneous
loading of elements on selected industrial areas and mountain forests.
Specialized forestry and geological terms, which could not be avoided, are
used in this Atlas.

The study material for the second part of the Geological Atlas included
samples of foliage of forest tree species collected in 3062sampling points
on a 4 x 4 km grid (in industrial areas 1 x 1 km). The Atlas comprises
a basic distribution of chemical elements in foliage of forest tree species in
Slovakia, description of sampled matters and procedures to which they
were subjected as well as analytical results. The data as a whole are stored
in an organized database of the Forestry Research Institute and can be
distributed for basic uses upon request.

Chapter 4 gives information on forest tree species, a review of elemental dis-
tribution in foliage of forest tree species (average contents of 26 elements)
in Slovakia and results of X-ray analyses of particles deposited in stomata
of foliage of forest tree species. For the sake of simplicity, the contents of
elements in the earth’s crust and in soil have been taken over from literatu-
re. Part B deals with the geochemistry of 26 investigated elements described
in alphabetical order of their chemical formulae, and gives much informa-
tion on individual species of forest trees. The selected maps best illustrate
the elemental distribution in foliage of forest tree species throughout
Slovakia. As is clearly stated in the text, these have been selected for basic
rather than specific purposes, and therefore depict only some elemental
distribution patterns which will be typical in the future and reveal only part
of information which could be extracted from available data. Special atten-
tion is given to the distribution of elements in five industrial areas, one mili-
tary area and five mountain forests. The geochemical maps are supplemen-
ted with those showing ratios of individual elements in beech and spruce fo-
liage as well as with a transparent map of sampling points giving also the
species of the tree species sampled (Picea abies Karst., Fagus sylvatica L.).
The mapping technique applied is a good way to explain new information
useful in environmental studies. Small geochemical maps showing large
areas may be applied in many fields of scientific work and in practice. They
can support investigations focused on elemental distribution in the
earth’s crust, availability of nutrients and toxic elements for plants, and the
impact of humans on the environment.



4. METODIKA PRACE
4.1. Odber vzoriek

Odber vzoriek lesnych drevin sa vykonaval podla zasad Metodického
pokynu odberu pédy a asimilacnych orgdnov lesnych drevin Ministerstva
poédohospoddrstva Slovenskej republiky podla §22 zdkona NR SR
¢. 151994 Zb. z. o hospoddreni v lesoch a Stdtnej sprdve lesného hospo-
ddarstva (MANKOVSKA — PAVLENDA, 1995) a medzinarodnej metodiky
(ICP, 1994)

Vzorky asimilaénych organov sa odoberali na permanentnych plochach,
ktoré boli situované na priese¢nikoch 16 x 16 km (tzv. paneurdpska siet),
potom v podrobnejsej sieti 4 x 4 km a napokon v okoli zdrojov exhalacii
v sieti 1 x 1 km. Dovedna sa odobrali vzorky z 3062ploch predovsetkym
v porastoch II. vekového stupna. Dbalo sa na to, aby stromy boli rozSirené
na celej monitorovanej ploche, resp. v jej okoli a reprezentovali zdravotny
stav porastu. Patrili do predominantnej a dominantnej triedy, reprezen-
tativnu stredna uroven defolidcie mali £5% a neboli napadnuté hmyzom
ani hubami. Vzdialenost medzi 15 stromami urenymi na odber bola
10 — 15 m a boli to zastupcovia hlavnej dreviny.

Asimila¢né organy vybrané na odber vzoriek pochadzali z osvetlenej Casti
koruny, a to z jej hornej tretiny pri ihli¢natych druhoch. Pri smreku (Picea
abies Karst.) a jedli (4bies alba Mill.) sa odoberali z vetiev 7. praslenu, pri
borovici (Pinus sylvestris L.) z vrcholového alebo druhého praslenu. Pri
smrekovci (Larix decidua L.) sa pouZili vzorky odobraté z vyhonov pred-
chadzajuceho roka. Pri listnatych drevinach — buku (Fagus sylvatica 1.)
a dube (Quercus species L.) —sa na analyzu odoberali listy zo strednej Casti
letorastov vrcholovych partii, pri ihlicnatych druhoch vzorky z dvojrocné-
ho ihli¢ia.

Zber vzoriek vykonavali Specialisti pre monitoring z Lesnickeho vyskum-
ného ustavu Zvolen a Lesprojektu Zvolen v auguste 1993a 1994.Kolek-
tivna vzorka vznikla zmieSanim 15 vzoriek po ich vysuSeni.

4.2. Pripravné prace

Vzorky asimila¢nych organov sa analyzovali neumyté. Susili sa 24 hod. pri
teplote nepresahujucej 80°C. Ihli¢ie bolo oddelené od vetviCiek a listie od
stoniek. Suché vzorky asimilaénych organov boli dokladne zomleté na
jemny praSok a alikvotne podiely (15 jedincov na jednej ploche) boli do-
kladne zhomogenizované.

4.2.1. Mineralizacia

Do 150 ml kadicky sme navazili 1,5—20 g vysuSenej zhomogenizovanej
vzorky, pridali 7 ml konc. peroxidu vodika p. p. a nechali staf niekol'ko
hodin. Potom sme pridali 7 ml konc. kyseliny dusi¢nej p. p., premiesali,
prikryli hodinovym sklicCkom a nechali mineralizovat pri laboratornej te-
plote do buduceho dna. Pridali sme 1 ml konc. kyseliny chloristej p. p.
a opatrne zohrievali na elektrickej platni. Po skonceni prudkej reakcie sa
vzorka varila pri teplote 150°C az do uplného zmineralizovania. Potom
sme ju prefiltrovali, premyli horucou 5-percentnou kyselinou dusi¢nou
a horacou redestilovanou vodou, ochladili a doplnili po znacku do 50 ml
odmernej nadoby.

4.3. Analytické prace

V asimilaénych organoch lesnych drevin sme stanovovali endogénny obsah
tychto prvkov: Al, Be, Ca, Cd, Co, Cr, Cu, F, Fe, Hg, K, Li, Mg, Mn, N,
Na, Ni, Pb, Rb, S, Sr, Va Zn.

Na stanovenie prvkov sme pouZzili metodu atomovej absorpénej spektro-
metrie (AAS-F, AAS-ETA, AAS-MHS) (CaNTEL, 1982; CIBULKA et al.,
1991):

AAS-F: Al, Ba, Ca, Cu, K, Li, Fe, Mn, Mg, Na, Sr, Rb, Zn (tab. 1);
AAS-ETA: Co, Cd, Cr, Be, Ni, Pb, V (FULLER, 1977) (tab. 3;
AAS-MHS: As, Se (tab. 2);

TMA: Hg.

Pri praci sme Studovali rusivé vplyvy matrixu a jeho potlacenie vhodnymi
pridavkami tlmivych roztokov a modifikatorov. Na stanovenie prvkov me-
todou AAS-ETA sa pre kazdy prvok vypracoval vhodny teplotny program
podla vyparovacich kriviek (tab. 4). Vysledky boli preratané na suSinu,
ktora bola stanovena osobitne.

4. APPLIED METHODS
4.1. Collecting Samples

Samples of tree species have been taken in compliance with a Methodic
Instruction to Collect Soil and Foliage of Forest Tree Species issued by the Slovak
Agriculture Ministry in accordance with § 22 of the Slovak National Council Act
No. 151994 on Managing Forests and State Administration of Forest Ma-
nagement (MANKOVSKA and PAVLENDA, 1995) and international methodics
(ICP, 1994)

The samples of foliage have been taken in permanent areas situated on the
intersections of a 16 x 16 km pan-European grid. In addition, they were
taken on a more detailed 4 x 4 km grid and near the sources of airborne
pollution on a 1 x 1 km grid. A total of 3062areas have been sampled in
this manner, largely covered by plants of the second age category. Trees
were distributed all over the permanent monitored area or in its vicinity and
represented its health state. The trees belonged into a predominant or
dominant class. The trees had representative medium defoliation +5% and
were not affected by insects or fungi. The 15trees of the main species to be
sampled were 10 — 15m apart.

Foliage were collected from sectors exposed to sunlight in the upper third of
a tree top; in the case of conifers from branches of the 7th whorl (spruce,
fir), from the top or second whorl (pine) or from past-year’s shoots (larch).
Leaves of deciduous trees were picked up in middle sections of tree top sum-
mergrowths. Two-year needles were collected from coniferous species.

The samples were taken by monitoring specialists with the Forestry Re-
search Institute at Zvolen and Lesoprojekt Zvolen in August 1994.A col-
lective sample was mixed from 15 dried samples.

4.2. Preparatory Works

The samples of foliage were not washed before the analysis. They were
dried at a temperature not exceeding 80°C for 24 hours. Needles were sepa-
rated from twigs and leaves from stems. Dried assimilation-organ samples
were carefully pulverized to a fine powder and their proportional shares
(15 specimens per 1 area) were carefully homogenized.

4.2.1. Mineralization

A 1.5-2.0g dried homogenized sample was weighed and put into a beaker
together with 7 ml of hydrogen peroxide where it remained for a few hours.
7 ml of nitric acid p. p. were later added and mixed, the sample was cove-
red with a watch glass and let mineralize at room temperature till the next
day. 1 ml of concentrated perchloric acid p. p. was then added and care-
fully heated on an electric stove. Following a strong reaction, the sample
was boiled at 150°C until it was completely mineralized. The sample was
filtered, washed over by hot 5% nitric acid and hot redistilled water, cooled
and 50 ml of it were poured into a calibrated vessel.

4.3. Analytical Works

Endogene contents of Al, Be, Ca, Cd, Co, Cr, Cu, F, Fe, Hg, K, Li, Mg, N, Na,
Ni, Pb, Rb, S, Sr, V and Zn in foliage of forest tree species were determined.
Atomic absorption spectrometry (AAS-F, AAS-ETA, AAS-MHS) was
applied to determine the contents:

AAS-F: Al, Ba, Ca, Cu, Fe, Mn, Mg, Na, Sr, Rb, Zn (Tab. 1);

AAS-ETA: Co, Cd, Cr, Be, Ni, Pb, V (Tab. 3);

AAS-MHS: As, Se (Tab. 2);

IMA: Hg.

We investigated the undesirable effects of the matrix and ways to eliminate
them by suitable buffering solutions and modifiers. To determine the con-
tents by AAS-ETA method, a suitable temperature program was compiled
for each element using evaporation curves (Tab. 4). The results were adjus-
ted to dry matter which was analysed separately.

4.3.1. Mercury determination
Total mercury content was determined in all samples directly from a solid
sample by a single-purpose atomic absorption spectrometer TMA-254

(Trace mercury analysator) manufactured by Tesla HoleSovice. Sample
weight 50 — 100mg. Sensitivity 0.001ppm Hg.
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PRACOVNE PODMIENKY AAS-F (MODEL 3030B PERKIN—ELMER) TAB. 1 AAS-F WORKING CONDITIONS (MODEL 3030B PERKIN—ELMER)
Prvok Vinova dizka (nm) Strbina (nm) Plamen Korektor pozadia Pridavny roztok
Element Wave lenght (nm) Slit (nm) Flame Backgr. corrector Solution

Al 309,3 0,7 C,H,-N,O - La
Ca 422,7 0,7 C,H,-N,O - La
Cu 432,8 0,7 C,H,-vzduch/air D2 -
Fe 248,3 0,2 C,H,-vzduch/air D2 -
K 766,5 0,7 C,H,-vzduch/air - Cs
Li 670,8 1,4 C,H,-vzduch/air - -
Mg 285,2 0,7 C,H,-vzduch/air - La
Mn 279,5 0,2 C,H,-vzduch/air D2 -
Na 589,0 0,7 C,H,-vzduch/air - Cs
Sr 460,7 0,7 C,H,-vzduch/air - La
Zn 213,9 0,7 C,H,-vzduch/air D2 -
Rb 780,0 1,4 C,H,-vzduch/air - K
Ba 553,6 0,7 C,H,-vzduch/air - K
Ni 232,0 0,2 C,H,-vzduch/air D2 -

PRACOVNE PODMIENKY AAS-MHS (AAS 3030B, MHS-20 PERKIN—ELMER) TAB.2 AAS-MHS WORKING CONDITIONS (AAS 3030B, MHS-20 PERKIN—ELMER)
Prvok Vinova dizka (nm) Strbina (nm) Teplota (°C) Premyvanie (s) Reakcia (s) Premyvanie (s)
Element Wave lenght (nm) Slit (nm) Temperature (°C) Washing (s) Reaction (s) Washing (s)

As 193,7 0,7 900 25 13 40
Se 196,0 2,0 900 40 10 35

Stanovenie arzénu a selénu
Prostredie: 1,5%-na kyselina chlorovodikova
Redukéné ¢inidlo: 1,5%-ny tetrahydroboritan sodny

Inertny plyn: argon

Arsenic and selenium determinations
Enviroment: 1.5% hydrogen chloride acid
Reduction agent: 1.5% sodium tetrahydroboritane

Inert gas: argon.

PRACOVNE PODMIENKY ETA-AAS (MODEL 3100, HGA-600) TAB. 3 ETA-AAS WORKING CONDITIONS (MODEL 3100, HGA-600)
Prvok VInova dizka (nm) Strbina (nm) Korektor pozadia Modifikator
Element Wave lenght (nm) Slit (nm) Backgr. corrector Modifier
Be 234,9 0,7L D2 Mg (NO,),
cd 228,8 0,7L D2 Pd + Mg (NO,),
v 318,4 0,7L D2 Mg (NO,),
Co 240,7 0,2L D2 Mg (NO,),
Cr 357,9 0,7L D2 Mg (NO,),
Pb 283,3 0,7L D2 NH,H,PO,
TEPLOTNY PROGRAM T.gas ' [ °C.s '] TAB. 4 TEMPERATURE PROGRAMME T.gas " [ °C.s ']
Prvok Susenie Pyrolyza Chladenie Atomizacia Prezihanie
Element Drying Pyrolysis Cooling Atomization Ignition
Be 110/60 1300/25 20/10 2600/3 2630/4
Cd 125/60 850/30 20/5 1650/5 2600/5
\Y 110/40 1100/25 20/15 2700/6 2750/5
Co 120/50 900/30 20/15 2500/3 2600/3
Cr 110/70 1300/20 20/10 2500/5 2600/5
Pb 120/50 700/30 20/15 1800/5 2600/5

Davkované AS-60: 20 pl vz. + 20 pl modif.
Rychlost pipetacie: 100%
Prietok plynu: 300 ml (Ar,, N,)

Prietok: O
Pri atomizacii stopgaz
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Batch AS-60: 20 pl of sample + 20 pl of modif.

Pipeting speed: 100%

Gas flow: 300 ml (Ar,, N,)

Flow: O
At stopgas atomization




4.3.1. Stanovenie ortuti

Celkovy obsah Hg bol stanoveny vo vSetkych vzorkach priamo z pevnej
vzorky na jednoucelovom atomovom absorbénom spektrometri TMA-254
(Trace mercury analysator), vyrobca Tesla HoleSovice. Navazka vzorky bola
50-100mg, moznost stanovenia 0,001 ppm Hg.

4.3.2. Stanovenie fluéru

Fluor bol stanoveny vo vSetkych vzorkach po mikrodifuznej separacii
z prostredia kyseliny chloristej spektrofotometricky s alizarinkomplexanom
lantanitym. Absorbanciu modrého zafarbenia sme merali oproti kalib-
racnej krivke v rozsahu 0—5pug F/10ml na aparate SPECOL 11 Carl Zeiss
Jena v jednocentimetrovych kyvetach.

4.3.3. Stanovenie siry

Celkovy obsah siry v asimilaénych organoch lesnych drevin bol stanoveny
na elementarnom analyzatore LECO SC 132.Vzorka sa navazila do kera-
mickej lodiCky a spalila v kyslikovej atmosfére v indukcénej peci pri teplote
1371°C. Koncentracia siry (ako SO,) v plyne sa merala infracervenym
detektorom a porovnavala so Standardnymi vzorkami.

4.3.4. Stanovenie dusika

Celkovy obsah dusika v asimilaénych organoch lesnych drevin bol stano-
veny na elementarnom analyzatore LECO SP 228. Vzorka bola navazena
do cinovej kapsuly a spalena v argonovej atmosfére v indukénej peci pri
teplote 950°C. Alikvotna ¢ast spalenych produktov sa zbavila CO, a H,0.
Oxidy dusika sa zredukovali na N, a koncentracia sa stanovila na tepelno-
vodivostnom senzore.

4.4. Kontrola spravnosti analytickych vysledkov

Kontrolu spravnosti analytickych vysledkov sme vykonali tromi spdsobmi.
Pocas analyzy vSetkych vzoriek sa overovala spravnost a presnost
dosiahnutych analytickych vysledkov, spravnost meranim po kazdej de-
siatej vzorke medzinarodnym referenénym materialom, presnost podla
vel'kosti relativnej smerodajnej odchylky, ktord bola menSia ako 5% pre
vSetky stanovované prvky (tab. 5). Spravnost udajov sa overovala v 109
nezavislych laboratoériach a testovala v raimci Medzinarodnej lesnickej spo-
loénosti (IUFRO) (HUNTER, 1993).Metody ICP a AAS (tab. 6) sa porov-
navali medzi GUDS a univerzitou v Trondheime v Norsku. Rozdiely ana-
lyz vykonanych metodou ICP a metédou AAS sme testovali pomocou dvoj-
faktorovej analyzy variancie (tab. 7). Z tejto tabulky vidiet, Ze hodnoty
F-testu neprekracuju prislusné kritické hodnoty F pri porovnavanych meto-
dach, ¢o znamena, Ze vysledky GUDS su porovnatelné s vysledkami uni-
verzity v Trondheime.

4.5. Rontgenova analyza povrchovych ¢astic na stanovenie exo-
génneho obsahu prvkov

Vzorky asimila¢nych organov lesnych drevin boli povrchovo upravené na
Ionsputteringu JEOL. Vyhodnocovali sa pomocou rastrovacieho mikroskopu
JEOL 840 A a rontgenového analyzatora LINK 10000. Pri analyze sa
hodnotili ¢astice usadené v prieduchoch asimilacnych organov (exogénny
obsah) podla morfologie a EDX-spektier. Z kazdej plochy bolo vySetrenych
20 ihlic P. abies, P. sylvestris, A. alba a 10 listov F. sylvatica a Q. species.
Klasifikaciu usadenych Castic sme vykonali kategorizaciou do Siestich zaklad-
nych skupin (MANKOVSKA, 1992). Osobitne sme vyhodnotili exogénnu pri-
tomnost jednotlivych prvkov na povrchu asimilaénych organov (tab. 8).

4.6. Statistické vyhodnotenie

Pri vyhodnocovani vegetacného materialu sme uplatnili bezné Statistické
metody: vypocet zakladnych Statistickych charakteristik, testovanie hypo-
téz, analyzu rozptylu, korelacnu analyzu a analyzu hlavnych komponen-
tov. Na vyhodnotenie celkovej zataze uzemia Slovenska imisiami sme
pouzili koeficient zataZenia imisiami K,, ktory vyjadruje prekrocenie hra-
ni¢nych hodnét sledovanych prvkov v asimilaénych organoch lesnych dre-
vin (MANKOVSKA, 1988). Definuje sa ako aritmeticky priemer n prvkov,

4.3.2. Fluorine determination

Fluorine in all samples was determined spectrophotometrically with lan-
thanum alizarincomplex following microdiffusive separation from an envi-
ronment of chlorous acid. Absorptivity of blue coloration was compared
with a calibration curve within a range O — 5ug F/10 ml by apparatus SPE-
COL 11 Carl Zeiss Jena in 1 cm dish.

4.3.3. Sulphur determination

Total sulphur content in foliage of forest tree species was determined on
elemental analyser LECO SC 132. The samples were weighed, put into
a ceramic vessel and burnt in oxygen atmosphere in an induction furnace
at 1371°C. Sulphur concentration (as SO2) was measured by an infrared
detector and compared with standard samples.

4.3.4. Nitrogen determination

Total nitrogen content in foliage of forest tree species was determined on
elemental analyser LECO SC 228. The samples were weighed, put into
a tin capsule and burnt in argon atmosphere in an induction furnace at
950°C. CO2 and H20 were removed from a proportional part of the burnt
products. Nitrogen oxides were reduced to N2 and the concentration was
determined on a thermally-conductive cell.

4.4. Checking the Accuracy of Analytical Results

The accuracy of the analytical results was checked by three ways. The accu-
racy and precision of the analytical data was verified during the analysis.
Moreover, the accuracy of the results was checked after every ten analyses
by measuring an international reference material. The relative standard
deviation of the check analyses was always below 5% (Tab. 5).

The accuracy of data published in the Atlas was verified by 109 separate
laboratories and tested by the IUFRO (International Forestry Organi-
zation) programme (HUNTER, 1993).ICP and AAS methods (Tab. 6) used
in the Dionyz Stur Institute of Geology (GUDS throughout the following
text) were compared with the Trondheim University in Norway. The diffe-
rences between the results of ICP and AAS analyses were tested by a two-
factor variance analysis (Tab. 7). This table suggests that F-test do not
exceed critical F values at compared methods, which means that the results
of GUDS are comparable with those of the Trondheim University.

4.5. X-Ray Analysis of Exogenic Elemental Contents in Surficial
Particles

Samples of foliage of forest tree species were surficially treated by JEOL
Ionsputtering. They were evaluated by scanning microscope JEOL 840A and
X-ray analyser LINK 10000.Particles deposited in leave stomata (exogenic
content) were assessed as to their morphology and EDX spectra. 20 needles
of P. abies, P. sylvestris, A. alba and 10 leaves of F. sylvatica and Q. species
from each area were investigated. The deposited particles were divided into
six basic groups (MANKOVSKA, 1992) Exogenic presence of individual ele-
ments on the surface of foliage was evaluated separately (Tab. 8).

4.6. Statistical Evaluation

The vegetation samples were evaluated by common statistical methods: cal-
culation of basic statistical characteristics, testing of hypotheses, dispersion
analysis, correlation analysis and analysis of principal components.

To calculate total imission impact in the Slovak territory, we applied imis-
sion-impact coefficient K, which expresses to which extent the limits of
evaluated elements in foliage of forest tree species were exceeded (MAN-
KOVSKA, 1988).The K, coefficient is defined as an arithmetic mean of n ele-
ments accumulated in foliage of forest tree species. Standard values (Y,
of n elements) result from the formula:

M M, M,
=—+—+ ...+

Y,
m, m, m,

where M — content of investigated elements (in mg.kg™) in foliage of
forest tree species sampled in 1993 and 1994 for the Geochemical Atlas,
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ANALYZA REFERENCNYCH MATERIALOV ANALYSIS OF REFERENCE MATERIALS

Ref. Pine Needles Kale GBY

mat. NIST SRM 1575 SRM

Prvok GUDS Certific. GUDS Certific. GUDS Certific.

Element
Al 548,0 545,0 38,0 39,9 - -
As 0,219 0,21 - - 0,365 0,37
Ba 8,77 - - - 28,0 28,0
Be - - - - 0,021 0,017
Ca 4022,0 4100,0 41120,0 41060,0 18217,0 18100,0
cd - <0,5 0,88 0,889 0,33 0,32
Cr - - - - 0,55 0,55
Cu 3,2 3,0 4,99 4,89 9,38 9,30
Co 0,116 0,1) 0,06 0,063 0,43 0,42
F - - 5,31 5,87 21,0 22,0
Fe 190,0 200,0 98,7 119,3 276,0 274,0
Hg 0,16 0,15 0,173 0,171 0,024 0,026
K 3531,0 3700,0 24398,0 24370,0 13790,0 13800,0
Li - - 1,48 1,56 0,84 0,84
Mg 1088,0 - 1600,0 1605,0 6388,0 6500,0
Mn 680,0 675,0 14,85 14,82 48,0 45,0
Na 2400,0 - 2400,0 2366,0 196,0 200,0
Ni 3,39 (3,5) 0,92 0,895 1,999 1,900
Pb 10,2 - 2,35 2,49 1,4 1,5
Rb 11,62 11,7 - - 7.6 7,6
Se 0,109 - - - 0,152 0,14
Sr 4,85 - 90,2 75,7 152,0 154,0
v 0,25 - 0,31 0,386 - -
Zn 67,9 - 35,0 32,29 37,5 37,0

SRM 1575 Pine Needles (ihlicie), USA

KALE SRM (kapusta), USA

GBV 07604 (GSV-3) certified values of reference material
for vegetable and human hair MNA

ktoré sa kumuluju v asimilaénych organoch lesnych drevin. Standardné
hodnoty (Y, n elementov) su dané¢ vztahom:

M M, M,
Y=—+—+..+
m, m, m,

kde M znaéi obsah sledovanych prvkov (v mg.kg?) v asimilaénych orga-
noch lesnych drevin (vzorkovanie 1993 a 1994 pre Geochemicky atlas);
m zna&i obsah sledovanych prvkov (v mg.kg™?) v asimilaénych organoch les-
nych drevin z kontrolnych oblasti (vzorkovanie v rokoch 1974 — 1975)
(MANKOVSKA, 1988)

As (0,2); Cd ( 05); Cr(1,5); Cu (3); F (2); Hg (0,12); Ni(1); Pb(6);
Rb (8); S (1000);Sr (1); V (0,6); Zn (45)

n — znaci pocCet Studovanych prvkov.

Koeficient zatazenia imisiami lesnych drevin K, je definovany vztahom

4.7. Spracovanie udajov a tvorba map
Analytické udaje sa uchovavali, spracuvali a kontrolovali v databaze. ISlo pre-

dovsetkym o kontrolu spravnosti primarnych udajov vratane lokalizacie vzo-
riek po digitalizacii odberovych miest. Primarne analytické uidaje sa odoberali
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SRM 1575 Pine Needles, USA

KALE SRM (cabbage), USA

GBV 07604 (GSV-3) certified values of reference material
for vegetable and human hair MNA

m — content of investigated elements (in mg.kg™) in foliage of forest tree
species collected in checked areas in 1974 — 1975 MANKOVSKA, 1988)
As (0.2); Cd (0.5); Cr (1.5); Cu (3); F (2); Hg (0.12);Ni (1); Pb (6);
Rb (8); S (1000);Sr (1); V (0.6);Zn (45)

n —number of investigated elements

The imission-impact coefficient K, is defined as follows

1 n
KZ=T Z Yi

i=1

4.7. Data and Map Processing

The analytical data were stored, treated and checked in a database. The
checks focused largely on the accuracy of primary data including the loca-
tion of sample sites following their digitization. Primary analytical data col-
lected on an irregular grid whose statistical density amounted to 1 sample
per 16 km? were used to compile maps of elemental distribution. These
values were then adjusted to a regular rectangular 1 x 1 km grid. The value
for the centre of each square was calculated from eight nearest samples
whose values were adjusted as to their distance from the centre of the given
square (Fig. 1). This technique is described in detail in the text part of the
Geochemical Atlas of Austria, chapter stream sediments. Investigation radius
was set at 5 km which is an empirical radius of critical emission fallout
from a pollution source in assessing pollution of forest vegetation.



POROVNANIE AAS/ICP-MS VO VZORKACH TAB. 6 A COMPARISON BETWEEN AAS AND ICP-MS METHODS
DVOJROCNEHO IHLICIA Pinus sylvestris L. ON SAMPLES OF 2-YEAR-OLD Pinus sylvestris L. NEEDLES
Lokalita/Locality . . , .
LADOMER LEHOTKA ZIAR OPATOVCE HANDLOVA PROCHOT
Prvok/Element
N C 468,0 595,0 210,0 750,0 649,0 307,0
N 488,0 627,0 225,0 780,0 642,0 307,0
A G 0,55 0,52 0,56 0,78 0,75 0,32
S N 0,58 0,59 0,61 0,89 0,81 0,46
By G 7,97 3,70 3,14 5,60 4,32 4,57
a N 7,20 3,50 3,10 5,50 3,90 4,20
B G 0,008 0,013 0,004 0,058 0,08 0,005
€ N 0,008 0,013 0,005 0,064 0,05 0,007
c G 3635,0 6653,0 5024,0 4617,0 6438,0 7170,0
a N 3570,0 6960,0 5030,0 4570,0 6310,0 7220,0
Cd G 0,139 0,226 0,275 0,353 0,367 0,282
N 0,146 0,339 0,213 0,261 0,177 0,238
co G 0,122 0,405 0,218 0,200 0,310 0,140
° N 0,128 0,722 0,227 0,192 0,303 0,148
o G 0,880 0,506 0,420 0,826 0,447 0,535
N 0,760 0,490 0,370 0,800 0,340 0,440
cy @ 3,70 4,25 3,90 4,22 2,50 3,67
YN 3,42 4,22 3,60 4,11 2,49 3,63
Fo G 208,0 211,0 210,0 230,0 254,0 210,0
€N 221,0 243,0 207,0 284,0 263,0 246,0
L, G 0,23 0,39 0,15 0,60 0,27 0,15
N 0,22 0,40 0,15 0,56 0,28 0,12
Na @ 10,5 80,0 33,0 25,5 28,0 25,7
a N <4,0 90,0 32,0 23,0 22,0 <4,0
Mg G 1200,0 1053,0 1409,0 1306,0 1059,0 1366,0
9N 1310,0 1120,0 1390,0 1360,0 1180,0 1440,0
M G 341,0 1041,0 262,0 740,0 678,0 376,0
"N 343,0 1045,0 2440 750,0 693,0 378,0
E 3,40 2,10 0,58 3,43 3,02 2,71
"N 3,55 2,64 0,59 3,78 2,88 3,30
Pb G 2,52 1,92 1,80 5,94 1,60 1,61
N 2,83 2,07 1,76 6,01 1,53 1,73
Rb G 2,94 4,39 15,30 20,00 4,95 7,80
N 2,56 - 15,40 21,60 5,00 7,00
S G 0,047 0,059 0,057 0,052 0,12 0,046
€ N <0,080 <0,080 <0,080 <0,080 0,10 0,080
s O 7,7 8,4 9,9 7,0 10,8 11,3
"N 7.9 8,5 9,6 6,5 10,0 11,4
vy G 0,38 0,28 0,29 0,48 0,30 0,41
N 0,46 0,30 0,38 0,52 0,43 0,43
s, O 31,2 62,2 54,7 34,0 47,8 49,0
"N 30,5 62,2 54,8 31,6 48,1 47,8
Pracoviska: G — GUDS Bratislava Laboratories: G — GUDS Bratislava, Slovakia
N — Univerzita v Trondheime, Norsko N — Trondheim University, Norway
Vysledky st v mg.kg ™ Result units: mg.kg ™
v nepravidelnej sieti so statistickou hustotou jeden odber na 16 km? a sluzili ako R is calculated as follows: A1 - A8
podklad pripravy map distribtcii prvkov. Ich hodnoty sa preratuivali do pravidel- R D1z " D8&2
nej siete 1 x 1 km. Pre stred kazdého §tvorca bola vyratana jeho hodnota na zakla- T 1
de hodnot 6smich najblizsie leziacich vzoriek, vazenych ich vzdialenostou od stre- D1zt Daz

du pocitaného Stvorca (obr. 1). Tato metodika je podrobne opisana v textovej
Casti Geochemického atlasu Rakiiska, ¢ast rieCne sedimenty. Vyhladavaci polomer
bol 5 km, ¢o je hodnota empiricky pouzivana pre polomer kritického zataZenia
emisiami zo zdroja znecistenia pri hodnoteni stavu znecistenia lesného porastu.

Vypocet hodnoty R je takyto: A1 o A8
D12 D8
i +..+ !
D12 " D8?

V dalsom kroku boli takto vypoéitané udaje vyhladené kizavym priemerom
vazenych hodnot 6smich okolo leZiacich Stvorcov (s koeficientom 0,36 pre

Smoothing average of weighed values of adjacent squares was subsequent-
ly calculated from these values. The weights of four squares which borde-
red the relevant square by their sides were 0.36and those of squares which
touched it by their corners were 0.09.The weight of the calculated square
itself was 1 (Fig. 2). Data treated in this way are illustrated on distribution
maps of individual elements in forest areas at scale 1:500000.

Smoothed value of square R5 is calculated as follows:

1x R5 + 0.36 x (R2+R4+R6+R8) + 0.09 x (R1+R3+R5+R7)
1+4x0.36 + 4x0.09
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DVOJFAKTOROVA ANALYZA'VARIANCIE ROZDIELOV TAB. 7 TWO-FACTOR VARIANCE ANALYSIS OF DIFFERENCES BETWEEN
STANOVENIA PRVKOV METODOU ICP A AAS ICP AND AAS ELEMENTAL DETERMINATIONS
Prvok Medzi metodami/Between methods Medzi lokalitami/Between localities
Element Fop. F o Fow. tab.
Al 5,409 93,24 708,845 100,00
As 21,168 99,42 63,951 99,98
Ba 8,446 96,64 148,208 100,00
Be 0,424 45,61 18,909 99,71
Ca 0,109 24,58 339,515 100,00
Cd 1,699 67,11 1,287 60,57
Co 1,058 64,92 6,322 96,79
Cr 14,663 98,77 80,194 99,99
Cu 5,854 93,98 92,908 99,99
Fe 7,595 96,00 4,082 92,56
Li 1,364 70,45 260,228 100,00
Na 1,210 67,85 28,937 99,89
Mg 11,154 97,94 30,667 99,91
Mn 0,291 38,72 2876,151 100,00
Ni 4,367 90,91 57,291 99,98
Pb 2,536 82,79 600,137 100,00
Rb 0,602 52,72 56,177 99,98
Se 5,788 93,88 3,217 88,72
Sr 1,497 72,43 74,003 99,99
\Y 12,363 98,30 11,315 99,07
Zn 2,405 81,84 571,809 100,00

Styri Stvorce, susediace s pocitanym Stvorcom stranami, a 0,09 pre Styri
Stvorce, susediace s nim rohmi). Koeficient samého pocitaného Stvorca je 1
(obr. 2). Takto spracované udaje su zobrazené na mapach distribucii jed-
notlivych prvkov v lesnych oblastiach v mierke 1:500000.

Vyhladena hodnota Stvorca sa vyrata takto:

1xR5 + 0,36 x (R2+R4+R6+R8) + 0,09 x (R1+R3+R5+R7)
1+4x0,36 +4x0,09

Na zobrazenie distriblicie obsahov jednotlivych prvkov sa zvolila desat-
stupnova §kala vo farebnych odtienoch od modrej cez ZItu po ¢ervenu so
stipajucim obsahom prvku. Triedy, pouZité v mapach distribucii prvkov, su
zaloZené na ich primarnych udajoch a odrazaju geochemické vlastnosti
prvkov. Tam, kde to bolo potrebné a mozné, odrazaju aj hodnoty antropo-
génnej zataZze. Matematické rozdelenie do tried sa neuplatnilo pri zaverec-
nom zobrazeni ani pri hodnoteni geochémie prvkov.
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The distribution of contents of individual elements was illustrated in a ten-
colour scale from blue through yellow to red (ordered from low to high con-
tents). Classes used in the maps of elemental distribution are based on pri-
mary data and reflect geochemical characteristics of elements. Where
necessary and possible, the classes show also the values of man-made pol-
lution. Mathematical distribution into classes was not used in the final
illustration nor in assessing elemental geochemistry.



KLASIFIKACIA GASTIC USADENYCH V PRIEDUCHOCH
ASIMILAGNYCH ORGANOV LESNYCH DREVIN

TAB. 8

CLASSIFICATION OF PARTICLES DEPOSITED IN STOMATA
OF FOLIAGE OF FOREST TREE SPECIES

Kategoria Druh Morfolégia EDX-spektrum Category Type Morphology EDX-spectrum

A Biologicky Charakteristicky tvar s nizkym Si, S, Ca, K, P A Biologic Characteristic shape with a low Si, S, Ca, K, P
spektrom - pel, spory, rastlinné spectre - pollen, pores, plant
a zivocisne zvysky and animal remains and waxes

B Mineralny Nesféricky, nepravidelny tvar, Al, Si, S, K, Ca, B Mineral Nonspherical irregular shape, Al, Si, S, K, Ca,
Gastice pomerne velke, povod: Fe, Na, Mg, Ti fairly big particles, origin: Fe, Na, Mg, Ti
pbda, kalcit [CaCOy,], dolomit soil, calcite [CaCQ,], dolomite
[Ca, Mg (CO,),], SiO,,CaS0O, [Ca, Mg (COy,),], SiO,,CaS0,
a viac komplexnych zmesi and more complex mixtures
alkalického pévodu of alkaline origin

C Popolceky Malé sférické tvary, bohaté na Al, Si, V, Ni, Cr, C Fuel-oil ash Small spherical shapes, rich in Al, Si, V, Ni, Cr,

Z mazutu Al, Si, S; cénosférické Castice Al, Si, S; cenospherical Al-Si

s Al-Si s obsahom V a Ni; particles with V a Ni;
sirany bohaté na Cr, Fe, Ni, sulphates rich in Cr, Fe, Ni,
kovovocierneho lesku of black-metallic luster

D Popolceky Malé sférické Castice sklovitého Al, Si, D Coal ash Small spherical glassy particles Al, Si,

z uhlia charakteru s Al-Si zakladom dominated by Al-Si with

a rdznymi primesami various admixtures

E Popolceky Malé porovité ¢astice s obsahom Al, Si, E Coal and Small porous particles with Al, Si,

z uhlia uhlika spolu s kategoriou C a D fuel-oil carbon along with
a mazutu ash categories CaD

F Priemyselné Velmi réznorodé, zodpovedajuce F Industrial Very variegated reflecting
danym technologiam technologies used
Hlinikaren | Al Aluminium plant | Al
Cementaren, vapenky I Ca Cement and lime plants Il Ca
Magnezitky 1] Mg Magnesite plants 11l Mg
Zelezné kovy \Y Fe Iron Y Fe
Nezelezné kovy \Y Mn, Ni, Zn, Base metals \Y Mn, Ni, Zn,

Br, Rb, Sr Br, Rb, Sr
Iné Vi Other Vi
Obr. 1 Fig. 1

Priklad zobrazenia odberovych bodov
s polomerom vyhladavania

An example of the illustration of sampling points

with investigation radius

Obr. 2
Zobrazenie vahovych koeficientov jednotlivych
Stvorcov pri vyhladzovani

R1
0,09

R2
0,36

R3
0,09

Fig. 2
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5. VYSLEDKY A DISKUSIA
5.1. Stru¢ny prehlad geologickej stavby Slovenska.

Z geologického hladiska podstatnu cast uzemia Slovenska tvoria Zapadné
Karpaty.

Z hladiska veku tektonickej individualizacie geologickych jednotiek delime
Zapadné Karpaty na vonkajSie a vnatorné.

Vonkajsie Zapadné Karpaty predstavuju jednotky flySového pasma (magur-
sky a krosniansky flyS), presunuté v terciéri na okraj europskej platformy.
Litologicky su zastipené prevazne pieskovcami, ilovcami a zlepencami.
Bradlové pasmo je samostatna tektonicka jednotka situovand medzi von-
kajSimi a vnutornymi Zapadnymi Karpatmi. Zahrna dve zakladné jed-
notky: CorStynsku s plytkovodnymi karbonatickymi faciami a hIlbokovodnu
kysucko-pieninsku, ktoré boli postihnuté viacerymi fazami vrasnenia, jed-
nak spolu s vnutornymi, ale najméa s vonkajSimi Zapadnymi Karpatmi.
Vnutorné Zapadné Karpaty boli tektonicky individualizované v stredne;j
kriede. Hlavné tektonické jednotky vnutornych Zapadnych Karpat su od
severu k juhu rozdelené na pasmo jadrovych pohori, veporské pasmo
a gemerské pasmo.

Pasmo jadrovych pohori je budované tatrikom, ktoré zahrna krystalinikum,
reprezentované najma granitoidmi, a obalové (autochtonne) jednotky s vrs-
tevnym sledom zacCinajucim vrchnopaleozoickym, castejSie vSak az spod-
notriasovym klastickym suvrstvim ark6z az kremitych pieskovcov. Vrstevny
sled pokracuje vapencami a dolomitmi stredného triasu a variabilne vapen-
cami, dolomitmi, slienovcami, bridlicami a pieskovcami vrchného triasu az
spodnej kriedy. Opakovanie mezozoickych vrstevnych sledov zastupuju
prikrovy fatrika (predovSetkym kriziiansky prikrov ) a hronika (chocsky
prikrov).

Veporské pasmo pozostava z kryStalinika (granitoidy a krysStalické bridli-
ce) a vyrazne redukovaného obalového mezozoika (kremité pieskovce,
bridlice, vapence a dolomity), ktoré spolo¢ne reprezentuju veporikum.
Veporikum je nasunuté na tatrikum. Nad veporikom leZzi v prikrovovej
pozicii hronikum a silicikum (silicky prikrov) reprezentované najma
vapencami a dolomitmi triasu.

Gemerské pasmo je najjuznejSou jednotkou Zapadnych Karpat. Tvoria ho
slabo metamorfované staropaleozoické horniny flySového charakteru
a mladopaleozoicky obal so silne redukovanym mezozoickym sledom.
Tento horninovy komplex reprezentuje gemerikum, ktoré je nasunuté na
veporikum. Nad gemerikom a juZzne od neho lezia prikrovy meliatika, tur-
naika a silicika litologicky pozostavajuce predovSetkym z mezozoickych
karbonatov.

Vnutrokarpatsky paleogén (zlepence, pieskovce, bridlice) spolu s reliktmi
vrchnokriedovych sedimentov a neogénne sedimentarne panvy (zlepence,
pieskovce, ilovce, vapnité ilovce, ojedinele karbonaty a uhlie) predstavuju
potektonicku molasu. Neogénne vulkanity a vulkanosedimentarne horniny
(miocén) su produktom zaoblukového vulkanizmu s dominantnym zastu-
penim andezitov.

5.2. Informacie o lesnych drevinach a ich zdravotnom stave

Rozsirenie lesnych drevin na Slovensku je znazornené na obr. 3 a rozlozZe-
nie vegetacnych stupnov na obr. 4. Lesy pokryvaju priblizne 41% uzemia
Slovenskej republiky, resp. okolo 20000km? Hospodarske lesy predsta-
vuju z toho 72%, ochranné lesy 14% a lesy osobitného urcenia 14%. Ihlic¢-
naté dreviny su na Slovensku zastupené 42,7 percenta (smrek 26,8%, boro-

5. RESULTS AND DISCUSSION
5.1. A Brief Review of the Geological Structure of Slovakia

Geologically most of the Slovak territory is covered by Western
Carpathians.

As far as the age of tectonic individualisation of their geological units is con-
cerned the Western Carpathians can be divided into outer and inner parts.
The Outer Western Carpathians are represented by the flysch belt units
(the Magura and Krosno flysch), which were thrusted over the margin of
the European platform during the Tertiary period. Sandstones, mudstones
and conglomerates are the predominant lithotypes.

The Klippen belt is an independent tectonic unit situated between Outer
and Inner Western Carpathians. It comprises two basic units: the Corstyn
Unit, composed of the shallow water carbonate facies and a deep water
Kysuce-Pieniny Unit. Both units were involved in several stages of folding,
which occurred in conjunction with either the Inner, or, what is more
important, with the Outer Western Carpathians.

Tectonic individualisation of the Inner Western Carpathians has taken place
during the Middle Cretaceous period. Principal tectonic units of the Outer
Western Carpathians have been divided, from north to south, into following
belts: the Core mountain belt, the Veporicum belt and the Gemericum belt.
The Core mountain belt is made of the Tatricum Unit, composed of cry-
stalline rocks with predominating granitoids and of the cover (autochtho-
nous) units, whose superposition starts with Upper Paleozoic, but more
often with a Lower Triassic clastic arcosic to siliceous quartzite formation.
Superposed lithologies include Middle Triassic limestones and dolomites
and variable volumes of Upper Triassic and Lower Cretaceous limestones,
dolomites, marlstones, shales and sandstones. The Fatricum nappe (com-
posed predominantly of the Krizna nappe) and the Hronicum Unit (made
of the Cho¢ nappe) are characterised by repetitions of beddings.

The Veporicum belt comprises crystalline rocks (granitoids and crystalline
schists) and a considerably reduced Mesozoic cover (siliceous sandstones,
shales, limestones and dolomites), making together the Veporicum Unit.
This unit is thrusted northwards over the Tatricum Unit. The Veporicum
Unit is overlain by the Hronicum and Silicicum (Silica nappe) nappes,
represented mainly by Triassic limestones and dolomites.

The Gemericum belt is the southernmost unit of the Western Carpathians.
Composed of low metamorphosed Early Paleozoic rocks of the flysch cha-
racter and of Late Paleozoic cover with a strongly reduced Mesozoic deve-
lopment, this rock complex represents, in fact, the Gemericum Unit, thrus-
ted northward over the Veporicum Unit. The Gemericum Unit, as well as
the area south of it, are overlain by the Meliaticum, Turnaicum and
Silicicum nappes, all composed predominantly of the carbonate rocks.
The Inner Carpathian Paleogene (conglomerates, sandstones, shales) with
the relics of Upper Cretaceous sediments and with the Neogene sedimen-
tary basins (conglomerates, sandstones, mudstones, limy mudstones and
rare carbonates and coal) represent a tectonic molasse. The Neogene vol-
canics and volcani-sedimentary rocks (Miocene) are products of back-arc
volcanism, in which the andesites are a predominating lithology.

5.2. Information on Forest Tree Species and their Health State
The distribution of tree species in Slovakia is illustrated in Fig. 3 and the

distribution of vegetation levels in Fig. 4. Forests cover about 20 000km?
or approximately 41% of Slovakia’s territory. Commercial forests account
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Obr. 4
Vegetacné stupne na Slovensku
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vica 7,7%, jedla 5%, smrekovec 1,9%, kosodrevina 1,0% a ostatné 0,1%)
a listnaté 56 percentami (buk 29,1%, dub 11,3%, ostatné 16%).
Zdravotny stav lesov Slovenska sa od roku 1987 monitoruje na 111trva-
lych monitoraénych plochach. Hlavnym indikatorom zdravotného stavu
drevin je strata asimilaCnych organov — defoliacia, pretoZe nou sa sprost-
redkovane prejavuju vnutorné a vonkajSie vplyvy faktorov ovplyviuju-
cich Zivot jedinca. Strata asimilacnych organov (SAQO) sa hodnoti per-
centualne v piatich stupnoch poSkodenia. Zdravé stromy (stupen posko-
denia 0) maju SAO od O do 10%, slabo poskodené stromy (stupen
poskodenia 1) SAO od 11 do 25%, stredne poSkodené stromy (stupen
poskodenia 2) SAO od 26 do 60%, silne poSkodené stromy (stupen
poskodenia 3) SAO od 61 do 90% a suché stromy (stupen poskodenia
4) SAO od 91 do 100%.

Priemernu defoliaciu jednotlivych drevin v rokoch 1987 — 1994pre Slo-
vensko zachytava tab. 9 a porovnanie v ramci Europy je v tab. 10. Naj-
mensSia defoliacia sa zistila pri buku a hrabe. Nepriazniva situacia pri dube
je zrejme sposobena vySsou citlivostou tejto dreviny na vplyv nepriazni-
vych faktorov. Skusenosti zo silne imisne zafaZenej oblasti stredného
Spisa ukazuju, Ze ihlicnaté dreviny reaguju na nepriaznivé faktory skor ako
listnaté.

for 72%, protective forests for 14% and special purpose forests 14% of the
total. Conifers make up 42.7% of all Slovak forests (spruce 26.8%, pine
7.7%, fir 5%, larch 1.9%, dwarfed pine 1.0%, and others 0.1%) and deci-
duous trees 56% (beech 29.1%, oak 11.3%, others 16%).

The health state of Slovak forests has been monitored since 1987in 111 per-
manent monitoring areas. The main indicator of the tree species health state
is the loss of foliage — defoliation, because they manifest both inner and outer
effects of factors infuencing the life of a given plant. The loss of foliage (SAO)
is assessed in 5 degrees of damage. SAO for healthy trees (degree of dama-
ge: 0) ranges from O to 10%. Slightly damaged trees (degree of damage: 1)
have SAO from 11to 25%, moderately damaged ones (degree of damage: 2)
from 26 to 60%, strongly damaged trees (degree of damage: 3) from 61 to
90% and dry trees (degree of damage: 4) from 91 to 100%.

Average defoliation of individual forest tree species in Slovakia from 1987
to 1994is given in Tab. 9 and a comparison with other European nations
is in Tab. 10. The beech and Carpinus are the least defoliated trees. Se-
vere defoliation of the oak probably results from its higher sensitivity to
adverse factors. Data from the highly emission-polluted central SpiS re-
gion suggest that conifers react sooner to adverse factors than deciduous
species.

PRIEMERNA DEFOLIACIA LESNYCH DREVIN NA SLOVENSKO TAB. 9 AVERAGE DEFOLIATION OF FOREST TREE SPECIES IN SLOVAKIA
Priemerné defoliacia — SAO v %
Average defoliation — SAO in %
Drevina 1987 1988 1989 1990 1991 1992 1993 1994
Buk / Beech 23 19 23 17 13 17 17 21
Dub / Oak 24 30 35 31 25 27 27 30
List. spolu / Total decid. 24 24 27 25 19 23 23 26
Smrek / Spruce 34 28 31 29 25 27 29 32
Borovica / Pine 40 45 44 44 33 42 29 32
Jedla / Fir 52 31 39 37 31 33 32 33
Ihli¢. spolu / Total conif. 35 32 35 33 27 29 29 28
Celkom / Grand total 30 27 30 28 23 26 26 28
VYSLEDKY HODNOTENIA DEFOLIACIE V EUROPE, TAB. 10 RESULTS OF DEFOLIATION ASSESSMENT IN EUROPE BETWEEN
ROKY 1986—1994 (% STROMOV V TRIEDE 2—4, 1986 AND 1994 (PERCENTAGES OF TREES IN CLASSES 2—4,
DEFOLIACIA >25 %) i. e. DEFOLIATION >25 %)
o 1986 1987 1988 1989 1990 1991 1992 1993 1994
Rakusko / Austria 4.6 3,6 3,6 4.4 9,1 7,5 6,9 8,2 -
CSFR / Czechoslovakia 16,4 15,6 27,4 33,0 46,6 41,3 - - -
Ceska rep. / Czech rep. - - - - - - 56,4 53,0 -
Slovensko / Slovakia - 39,0 39,0 49,0 41,0 28,0 36,0 37,6 42,0
Nemecko - NDR / East Germany - - 13,8 16,4 35,9 - - - -
Nemecko - NSR / West Germany 18,9 17,3 14,9 15,9 15,9 25,2 26,0 24,2 -
Madarsko / Hungary 12,0 6,0 7,5 12,7 21,7 19,6 21,5 21,0 -
Polsko / Poland 4,6 - 20,4 31,9 38,4 45,0 48,8 50,0 -
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Zdravotny stav lesov na Slovensku je v dosledku imisii naruSeny. Objavuju
sa retazové poruchy lesnych ekosystémov, ktoré vedu k ich postupnej degra-
dacii a rozpadu. Dlhodoba zataz vysokymi koncentraciami imisii sposobu-
je hromadné odumieranie nielen ihliCnatych, ale aj listnatych drevin. UZ sa
to davno netyka len porastov okolo imisnych zdrojov, ale celého tizemia.
Okrem domacich zdrojov znecistovania sa na naSom uzemi vo vel'kej miere
kumuluju aj Skodliviny z dialkového prenosu najméa z Polska, vychodnej
¢asti Nemecka a z Ceskej republiky, oproti ktorym ma Slovensko z hladis-
ka prevladajuceho severného, severozapadného a zapadného prudenia vel-
mi nevyhodnu polohu. Okrem toho treba brat do uvahy, Ze Slovensko je
Clenitou krajinou s nadmorskymi vySkami az do 2632 m, pricom horna
hranica lesa s kosodrevinou siaha do vysky 1 800m. Suhrn tychto nepriaz-
nivych okolnosti zapri€inil, Ze v deviatdesiatych rokoch prejavovalo symp-
tomy poskodenia 85% lesa.

5.3. Emisné zafazenie a imisné depozi¢né typy

Na charakterizovanie imisnej situacie nema lesné hospodarstvo k dispozi-
cii vysledky priameho merania koncentracii hlavnych komponentov imisii
(SO,, NO,) na lesnom podnom fonde. VicSina udajov su odhady podla
palivovych a hmotovych bilancii. Roku 1993bolo zo 60 vel'kych zdrojov na
Slovensku (SHMU, 1994) celkove emitované 469338t znecistujiicich
latok, z toho oxid siriCity 246411t, oxidy dusika 122169t, amoniak
1095, organické zluCeniny ako zmes 1810t, tuhé zneCistujuce latky
79905t, ortut a jej zlucCeniny 0,321t, kadmium a jeho zluceniny 0,045t,
arzén a jeho zluceniny 39,742 t, arzenovodik 0,454 t, chrém (VI) a jeho
zlu€eniny 2,267t, ostatny chrom a jeho zliceniny 2,129t, kobalt a jeho
zluceniny 0,372t, nikel a jeho zluceniny 1,060t, mangan a jeho zluceniny
12,324t, med a jej zluCeniny 54,841t, olovo a jeho zluCeniny 22819t,
zinok a jeho zluceniny 55,610t, vanad a jeho zluceniny 0,052t, fluér ako
fluorovodik 391,650t. Udaje o emisiach tazkych kovov roku 1992 podla
¢innosti zachytava tab. 11.

The health of Slovak forests has been impaired by imissions. The forest eco-
systems break down step by step. Prolonged effects of high concentrations
of various imissions have resulted in large-scale dying not only of conifers
but also deciduous trees. The above-described conditions are not limited to
the vicinity of imission sources but have spread throughout Sovakia’s terri-
tory long ago. Huge quantities of pollutants from abroad are also deposited
in the Slovak territory, mainly from Poland, eastern Germany and Czech
Republic from where they are carried by prevailing northerly, northwester-
ly and westerly winds. Furthermore, it must be taken into account that
Slovakia has a rugged topography. The highest altitudes reach 2632m and
the tree limit (incl. dwarfed pine) 1800m. All these adverse factors have
resulted in a situation when in the 1990s 85% of forests displayed symp-
toms of damage.

5.3. Emission Loading and Imission-Deposition Types

No direct measurements of major imission components (SO,, NO,) in
Slovakia’s forest soils are available to characterize the imission situation.
Most data on emissions are estimates based on fuel and material balan-
ces. In 1993, Slovakia’s 60 major sources (SHMU, 1994) emitted
469338t of pollutants — sulphur dioxide 246411t, nitrogen oxides
122 169t, ammonia 1095t, other organic compounds 1810, solid pol-
lutants 79 905t, mercury and its compounds 0.321t, cadmium and its
compounds 0.045t, arsenic and its compounds 39 742t, hydrogen arse-
nide 0.454t, chromium (VI) and its compounds 2.267t, other chromi-
um and its compounds 2.129t, cobalt and its compounds 0.372t, nickel
and its compounds 1 060t, manganese and its compounds 12 324t, cop-
per and its compounds 54 841t, lead and its compounds 22 819t, zinc
and its compounds 55 610t, vanadium and its compounds 0.052t, fluo-
rine in the form of hydrogen fluoride 55610t. Heavy-metal emissions
from individual sources are given in Tab. 11.

The principal chemical components of imissions are reflected in the

HLAVNE ZDROJE EMISIi TAZKYCH KOVOV NA SLOVENSKU (V T ZA ROK 1992) TAB. 11 MAJOR SOURCES OF HEAVY-METAL EMISSIONS IN SLOVAKIA (IN T/YR 1992)
Si”.”.o.S” As Cd Cr Cu Hg Ni Pb Se Zn
ctivities

Vyroba Zeleza a ocele / Iron and steel smelting 1,8 10,2 14,4 24,9 0,58 1,7 146,0 0,6 60,0
Vyroba nezeleznych kovov / Base-metal smelting 44,3 0,01 50,7 45,9 4,75 22,7 21,4 - 51,0
Chemicky priemysel / Chemical industry - 0,06 - - 0,19 - - - -

Vyroba cementu / Cement industry 0,04 0,02 0,31 - 0,53 0,33 4.4 0,01 0,8
Vyroba skla / Glass industry 70,5 8,96 1,39 - 0,31 0,72 6,3 6,7 6,7
Spalovanie fosilnych paliv / Burning of fossil fuels 33,5 3,08 17,9 18,9 1,02 52,3 18,4 0,15 65,4
Spalovanie odpadu / Waste incineration 0,02 0,06 0,10 0,22 0,27 0,18 1,7 0,01 2,6
Kremacia / Cremation - - - - 0,003 - - - -

Doprava / Transport - 0,53 0,24 6,5 - 5,28 96,8 0,02 7,4

Imisny typ urcuju hlavné chemické zlozky imisii. So zretelom na sticasnu
europsku emisnu situaciu je imisiami ovplyvinované celé uzemie Slovenska
a mozno predpokladat, Ze imisné typy sa v najbliz§ich rokoch podstatne
nezmenia (MANKOVSKA, 1991).Rozdelenie uizemia Slovenska podla troch
hlavnych imisnych typov je znazornené na obr. 5.

imission type. Given the current emission situation in Europe, the whole
Slovak territory is affected by imissions, and imission types are unlikely
to change substantially in the next years (MANKOVSKA, 1992) The
Slovak territory has been divided into three major imission types as
shown in Fig. 5.
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A — KYSLY IMISNY TYP
A, —Kkysly imisny typ s popol¢ekom

Na Slovensku je najrozsirenejsi a zahfna okrem zasiahnutych arealov v bliz-
kosti vSetkych spalovni, kotolni a teplarni aj porasty v exponovanych polo-
hach v nadmorskych vySkach nad 800 m nad morom, ktoré su otvorené
vzdusnému prudeniu a kde su aj najvyssie zrazky. Tomuto typu imisii (SO,
NO,, oxidy uhlika, prachovy spad a 0zén) zodpovedaju aj imisie z dialko-
vého prenosu. Podla koncentracie uvedenych imisii je tento typ rozdeleny
do troch stupnov: Typ A,—I (vysoké koncentracie), typ A;—II (stredné
koncentracie) a typ A;—IIl (najnizSie koncentracie). Typ A;—I pokryva
prakticky celé uzemie Slovenska, lesné porasty su ovplyviiované latentne,
imisie pochadzaju z regionalneho a dialkového prenosu.

Typ A,—II zasahuje SirSie oblasti vSetkych slovenskych emisnych zdrojov
a vyssie nadmorské vysky (TANAP, NAPANT, Beskydy a pohrani¢né
oblasti s Ceskou republikou a Polskom). Poskodenie lesnych porastov
tohto imisného typu mozno charakterizovat ako chronické.

Typ A,-III sa viaze na okolie emisnych zdrojov, napr. Zemianske Kos-
tolany, Vojany, pripadne na vysSie nadmorské vysky. Lesné porasty su akut-
ne poskodené.

A,—Kkysly imisny typ so zli¢eninami fluoru a chloru

ViaZe sa na okolie hlinikarne v Ziari nad Hronom, na Bratislavu, Zilinu,
Poltar, Lednické Rovne a Hlohovec. Zluceniny fluéru a chléru su mimo-
riadne fytotoxické.

A;— Kysly imisny typ s prachom z huti

Viaze sa na blizkost kovospracujucich zavodov: KoSice, Rudnany,
Krompachy, NiZzna Slana, Vajskova, Siroka, Istebné, Sered, Piesok, Brezno
a dalSie. Spoluposobia tu vyrazne zvySené koncentracie tazkych kovov
a toxickych zlucenin arzénu, antiménu a podobne.

A,— Kysly imisny typ s vyraznym vplyvom organickych latok

Tento imisny typ sa viaZe na okolie celulozky v RuZomberku, Sturove
a v Gemerskej Vieske, papierni v SlavoSovciach a v Harmanci, cukrovarov,
Biotiky v Slovenskej Lupc¢i, Bukézy vo Vranove, Gumarni v Puchove,
Petrochemy v Dubovej, Slovenského hodvabu v Senici, Chemosvitu vo
Svite, Sandriku v Dolnych Hamroch, Bratislavy a podobne. Spoluspdsobili
to organické latky — uhlovodiky, merkaptany, polychlorované bifenyly, siro-
vodik, sirouhlik, aromaty a podobne.

B — ZASADITY IMISNY TYP

Spad alkalickych prachov ma lokalny charakter a je spojeny aj s emisiou
SO,, NO, a popolcekov zo spalovania uhlia a mazutu.

B, — zasadity imisny typ — magnezitovy

Magnezitovy prach ma silny devastacny ucinok. Viaze sa na lokality
Lubenik, JelSava, HaCava, Tahanovce a Lovinobana.

B, — zasadity imisny typ — cementarensky

Viaze sa na lokality Banska Bystrica, Ladce, Lucky, Stnie, Rohoznik,
Turna, Bystra a dalSie menSie zavody. Podobné znecistenie mozno ocaka-
vat aj v lokalitach azbestovocementarenskych zavodov v Pichove, Vapenky
v Tisovci a v Novom Meste nad Vahom.

B;— zasadity imisny typ — dopravny

ViazZe sa na okolie dopravnych ciest, asi 200 m po obidvoch stranach, kde
sa pouzivaju posypové soli. Spoluposobia aj vyfukové plyny, emisie vzni-
kajuce oderom naterovych hmot, mazadiel a brzdového oblozenia. Emisie
z nafty spoluposobia aj pozdiz Zelezni¢nych trati. Na priloZenej mape tento
IDT nie je odliSeny, ale treba s nim pocitat najméa v horskych oblastiach. Je
dokazany v TANAP-e popri ceste Slobody, v NAPANT-e na Srdiecku
a Taloch, na Certovici, na Donovaloch a pod.

A — ACID IMISSION TYPE
A;— Acid imission type with ash

This is the most widespread type in Slovakia. Aside from affected areas near
all thermal power plants and incinerators, it includes also vegetation in alti-
tudes higher than 800m above sea level which are open to winds and which
receive the highest amounts of precipitation. This imission type (SO,, NO,,
carbon oxides, ash and ozon) correspond to long-distance transport.

With respect to the concentrations of the imissions, this type has been divi-
ded into three classes: type A;—I (high concentrations), type A;—II (me-
dium concentrations), type A;—III (lowest concentrations).

A;—I covers virtually whole Slovak territory, forest plants are affected in
a latent way, imissions cone by regional and long-distance transfer,

A, —II covers wider areas around all Slovakia’s emission sources as well as
high altitudes — Tatry National Park, National Park Nizke Tatry, Beskydy
and areas adjacent to Czech and Polish borders. Forest plants in this area
are chronically impaired.

A;—III is associated with the vicinity of emission sources, such as Zemian-
ske Kostolany, Vojany, and high altitudes. The forest plants have suffered
acute damage.

A, — Acid imission type with F and Cl compounds

It covers the area around aluminium plant at Ziar nad Hronom, Zilina,
Poltar, Lednické Rovne and Hlohovec. Fluorine and chlorine compounds
are extremely phytotoxic.

A; — Acid imission type with smelter dust

It occurs in the vicinity of smelters: Eastern Slovakian Ironworks in KoSice,
Rudfiany, Krompachy, Nizna Slana, Vajskova, Siroka, Istebné, Sered,
Piesok, Brezno and others. The areas are infested with increased concent-
rations of heavy metals and toxic compounds of arsenic, antimony, etc.

A, — Acid imission type with substantial effect of organic matter

This imission type is associated with cellulose plants at RuZomberok, Sturovo,
Gemerska Vieska, paper mills at SlavoSovce and Harmanec, sugar mills, plants
Biotika Slovenska Lupc¢a, Bukéza Vranov, Gumarne Puchov, Petrochema Dubo-
va, Slovensky hodvab Senica, Chemosvit Svit, Sandrik Dolné Hamre, city of Bra-
tislava etc. Noxious organic matters found in this area include hydrocarbons, mer-
captans, polychlorobiphenyls, hydrogen sulphide, carbon sulphide, aromates, etc.

B — BASIC IMISSION TYPE

Alkaline-dust fallout is locally confined and is associated with emissions of
SO,, NO, as well as coal and residual-oil ash.

B, — Basic imission type — Magnesite

Magnesite dust has strong devastating effects. It occurs at Lubenik, JelSava,
Hacava, Tahanovce and Lovinobana.

B, — Basic imission type — Cement

It occurs at Banska Bystrica, Ladce, Lucky, Sfnie, RohoZnik, Turfia, Bystra
and further minor plants. Similar pollution is expected also in the neig-
bourhood of an asbestos-cement plant at Puchov, and lime plants at
Tisovec and Nové Mesto nad Vahom.

B; — Basic imission type — Transport

It is found in the vicinity of communication lines which are salted to deice,
about 200 on either side. Further noxious components here comprise
exhaust gases and emissions created by the abrasion of paints, lubricants and
brake cheeks. Diesel-fuel emissions contribute to the pollution also around
railway lines. This imission type is not illustrated on the attached map, but it
must be taken into consideration, particularly in mountain areas. Its existen-
ce has been proved in the Tatry National Park along the road of liberty, and
in the National Park Nizke Tatry at Srdiecko, Tale, Certovica, Donovaly, etc.
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C — AMONIAKALNY IMISNY TYP

Vplyv amoniaku sa viaZze na okolie priemyselnych zavodov Chemko
Strazske, Duslo Sala, Niklova huta Sered, Povazské chemické zavody
Zilina. Amoniak posobi aj v blizkosti vel'kych chovov hospodarskych zvie-
rat.

5.4. Chemické prvky v lesnej biomase Slovenska
5.4.1. Endogénny obsah prvkov

Celkovy (endogénny) obsah jednotlivych prvkov (median, aritmeticky
priemer, smerodajna odchylka, variaény koeficient, minimalny a maximal-
ny obsah a poCet hodnoét) v asimilacnych organoch vSetkych drevin na
3062o0dberovych miestach je uvedeny v tab. 12a prehladne zachyteny na
mapach v kapitole Geochémia prvkov. Mapy su vyhotovené pre vSetky sle-

C — AMMONIA IMISSION TYPE

The occurrences of ammonia occur in the vicinity of indutrial plants
Chemko Strazske, Duslo Sala, Nickel Smelter Sered and PCHZ Zilina.
Ammonia also affects the neighbourhood of large animal farms.

5.4. Chemical Elements in Slovakia’s Forest Biomass
5.4.1. Endogenic content of elements

Total (endogenic) content of individual elements (median, arithmetic mean,
standard deviation, variation coefficient, minimum and maximum contents)
in foliage of all forest tree species collected in 3062sample sites is given in
Tab. 12and is also shown on maps in Chapter Elemental Geochemistry. The
maps have been compiled for all studied elements on scale 1:1.5million.
The map of each element is accompanied by information on its occurrence

OBSAH PRVKOV V ASIMILACNYCH ORGANOCH LESNYCH DREVIN TAB. 12 CONTENS OF ELEMENTS IN FOLIAGE OF FOREST TREE
NA 3062 TRVALYCH MONITORACNYCH PLOCHACH SPECIES IN 3062 PERMANENT MONITORING AREAS
Prvok Median Aritmeticky priemer Smerodajna odchylka Variaény koeficient Minimum Maximum Pocet hodnét
Element Median Arithmetic mean Standard deviation Variat. coeff. Minimum Maximum No. of values
Al 106,0 151,0 139,0 92 50 1669,0 2331
As 0,24 0,57 1,69 299 0,003 34,2 2153
Ba 47,0 64,8 60,9 94 0,020 603,0 2328
Be 0,008 0,024 0,066 276 0,0001 1,09 2141
Ca 9290,0 11021,0 8086,0 73 931,0 140012,0 2331
Cd 0,153 0,196 0,199 102 0,001 3,9 2125
Co 0,114 0,175 0,239 137 0,0005 3,91 2151
Cr 0,512 0,795 1,767 222 0,002 47,12 2136
Cu 591 7,27 7,02 96 0,30 154,0 2330
F 6,10 6,24 4,84 78 0,10 153,0 2318
Fe 111,0 159,0 901,0 566 11,20 39300,0 2331
Hg 0,07 0,10 0,13 125 0,008 4,008 2330
K 6808,0 7503,0 3564,0 47 1752,0 94782,0 2331
Li 0,13 0,18 0,19 109 0,007 2,82 2330
Mg 1164,0 1458,0 1013,0 69 255,0 19132,0 2331
Mn 846,0 1121,0 1060,0 94 7,20 9773,0 2331
N 15900,0 18165,0 6432,0 35 5500,0 57400,0 2321
Na 33,5 42,0 41,3 98 0,40 849,0 2331
Ni 2,44 3,44 3,33 97 0,02 36,6 2331
Pb 1,44 2,42 6,31 261 0,005 238,0 2310
Rb 7,19 10,80 11,49 106 0,32 161,0 2330
S 1910,0 2163,0 1056,0 49 440,0 11400,0 2320
Se 0,04 0,06 0,15 258 0,0003 6,34 2146
Sr 17,99 25,85 25,61 99 0,33 360,0 2331
\Y 0,267 0,813 0,612 35 0,001 46,95 2143
Zn 3.8 42,7 34,9 82 4,01 691,0 2331

dované prvky v mierke 1:1,5 mil. Pri kazdej mape sa udava vyskyt prvku
a jeho obsah v zemskej kore, v pdde, v rastlinnej a lesnej biomase. Sucas-
ne su uvedené informacie o esencialite a toxicite daného prvku. Doéklad-
nejSie spoznanie vplyvu geologickej a metalogenickej situacie stanovist,
prirodzenych geogénnych a antropogénne podmienenych anomalii umoz-
ni §tudium ostatnych dielov Geochemického atlasu. V grafickych prilohach
su informacie o antropogénnej zatazi jednotlivymi prvkami piatich druhov
lesnych drevin (1 — Fagus sylvatica L., 2 — Quercus species L., 3 — Picea
abies Karst., 4 — Pinus sylvestris L., 5 — Abies alba 1.) v piatich priemy-
selnych oblastiach (A — Horna Nitra, B — Ziarska kotlina, C — kosicka
aglomeracia, D — Lubenik a JelSava a E — stredny SpiS), vo vojenskom
priestore (F — Lest) a piatich horskych lesnych komplexoch (G — Nizke
Tatry-juh, H—Nizke Tatry-sever, I — Vysoké Tatry, K — Zapadné Tatry
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and content in the earth’s crust, soil, vegetation and forest biomass. The ele-
ment’s essentiality or toxicity are stated, too. Maps also contain information
on man-made pollution to five species of forest tree species (1 — Fagus syl-
vatica L., 2 — Quercus rubur L., 3 — Picea abies Karst., 4 — Pinus sylvestris L.,
5 —Abies alba L.) by individual elements in five industrial areas (A — Upper
Nitra basin, B — Ziar basin, C — Kosice metropolitan area, D — Lubenik and
Jelsava, E — central Spi§), a military area (D — Lest) and five mountain
forest areas (G — southern Nizke Tatry, H — northern Nizke Tatry, I — Vyso-
ké Tatry, K — Zapadné Tatry, L — Kysuce and Beskydy).

Map shows imission pollution of P. abies and F. sylvatica in Slovakia epres-
sed by a coefficient of imission pollution K,.

The elemental contents in foliage of forest tree species were statisti-
cally evaluated by the main component method (Varimax PCA analysis).



a L— Kysuce a Beskydy).

Na osobitnych mapach su zachytené zataze P. abies a F. sylvatica na
Slovensku, vyjadrené koeficientom zataZenia imisiami K,.

Na Statistické zhodnotenie obsahov prvkov v asimilaénych organoch les-
nych drevin sme pouzili metodu hlavnych komponentov (Varimax

The calculated results for all forest tree species are in Tab. 13.

All component weights in PC1 display the highest positive values for the
group of elements ordered As, Cu, Hg, Zn in all forest tree species and
account for 13.2% of total variability. Individual PC1 components have
different significances: Cu and Zn are essential elements, but at the same

VARIMAX PCA ANALYZA 3062 VZORIEK ASIMILACNYCH ORGANOV TAB. 13 VARIMAX PCA ANALYSIS OF THE FIRST TEN FACTORS ON 3062
LESNYCH DREVIN PRE PRVYCH 10 FAKTOROV SAMPLES OF FOLIAGE OF FOREST TREE SPECIES
Prvok Komunalita 'Ezgg: 20 1 ° ° ! ° ° ’ ° ° °
Hement communally E:g:: CéﬁﬂZZW 13,2 8,5 6,9 6,6 5,2 4,6 4,5 4,4 4,0 3,9
Al 0,61 0,171 0,658 0,052 0,036 0,077 0,115 -0,210 0,160 -0,089 0,218
As 0,73 0,831 0,055 -0,020 0,027 0,077 0,129 0,108 0,051 -0,039 0,023
Ba 0,75 0,030 0,098 0,156 0,026 -0,036 0,038 0,838 0,031 0,070 -0,031
Be 0,63 0,142 0,702 0,221 -0,035 -0,021 -0,208 0,095 0,104 0,037 0,034
Ca 0,68 -0,039 0,009 0,808 0,054 0,043 0,037 0,125 -0,030 0,116 0,053
cd 0,72 0,046 0,137 -0,054 -0,021 0,070 0,821 0,098 0,060 0,078 0,040
Co 0,51 -0,057 0,473 0,102 0,144 0,094 0,445 0,184 0,076 -0,036 -0,006
cr 0,87 0,002 0,052 0,035 0,923 -0,007 -0,002 0,069 0,075 0,079 0,011
Cu 0,68 0,750 0,101 0,116 0,112 0,196 0,127 -0,042 0,056 0,094 -0,114
F 0,72 0,013 0,067 0,012 0,004 0,066 0,091 -0,025 -0,003 0,005 0,838
Fe 0,62 -0,047 0,015 0,043 0,739 0,059 0,071 -0,100 0,005 -0,200 -0,099
Hg 0,42 0,627 0,050 -0,071 -0,041 0,009 -0,042 0,094 0,061 -0,047 0,060
K 0,57 0,068 0,063 0,288 0,015 0,262 0,090 0,306 0,105 0,483 -0,261
Li 0,64 0,014 0,107 0,095 0,079 0,135 0,052 -0,032 0,748 -0,049 0,150
Mg 0,67 0,021 0,034 0,763 0,034 0,201 -0,052 -0,056 0,081 0,124 0,128
Mn 0,62 0,024 0,731 -0,220 -0,015 0,054 0,149 0,102 -0,011 -0,019 0,107
N 0,77 0,074 0,047 0,018 0,006 0,864 0,006 0,080 0,047 0,050 0,073
Na 0,35 0,147 0,012 0,164 0,013 0,132 0,109 0,046 0,491 0,157 -0,065
Ni 0,47 -0,059 0,520 0,034 0,117 0,226 0,125 0,222 0,093 -0,009 -0,228
Pb 0,55 0,359 0,041 -0,026 0,563 -0,060 -0,039 0,108 0,003 0,252 0,162
Rb 0,71 -0,066 -0,092 -0,027 -0,002 -0,035 -0,002 -0,055 0,011 0,830 0,048
S 0,73 0,175 0,58 0,248 0,007 0,782 0,078 0,113 0,087 -0,041 0,000
Se 0,26 0,062 0,092 0,167 -0,033 -0,045 0,312 0,279 0,009 0,179 0,069
Sr 0,59 0,014 0,020 0,555 -0,049 0,016 0,108 0,479 0,131 0,113 0,113
v 0,50 0,023 -0,034 -0,161 -0,010 0,081 -0,090 0,076 0,610 -0,036 0,288
Zn 0,64 0,455 -0,096 0,017 0,079 0,006 0,605 0,109 -0,033 -0,200 0,038

PCA — analyza). Vysledky vypoctov pre vSetky dreviny su v tab. 13.
Vsetky vahy komponentov v PC1 vykazuju najvyssie pozitivne hodnoty pre
skupinu prvkov v poradi As, Cu, Hg a Zn vo vSetkych drevinach a vysvet-
lIuju 13,2% celkovej variability. Individualne komponenty PC1 maju rozny
vyznam: Cu a Zn patria medzi esencialne prvky, ale zaroven su emitované.
As a Hg nie su esencialne. Arzén je typicky polutant vznikajuci pri spalo-
vani slovenského hnedého wuhlia a ortuf je emitovana v okoli
Zeleznorudnych bani v Rudnanoch, v okoli spalovni odpadu, krematorii
a vo vojenskych objektoch.

PC2 vysvetluje 8,5% celkovej variability a obsahuje vahy komponentov pre
prvky v poradi Mn, Be, Al, Ni, Co vo vSetkych drevinach. Mangan a kobalt
patria medzi esencialne prvky, ale vo vysSich koncentraciach su Skodlivé.
Berylium, hlinik a nikel pochadzaju z emisnych zdrojov a zo zemského
prachu.

Hlavnymi prvkami v PC3 su Ca, Mg a Sr a vysvetluju 6,9% celkovej variabi-
lity. Vapnik a hor¢ik su pre rastliny esencialne, ale vo vysSich koncentra-
ciach su skodlivé. Stroncium nema nijaku biologicku funkciu.

Stvrta PC obsahuje typické prvky s fyziologickou enzymatickou funkciou
— Cr a Fe a vysvetluje 6,6 % celkovej variability. Vo vysSich koncentraciach
chrém i Zelezo posobia na rastliny toxicky. Olovo nema biologicku funkciu
a jeho vyssie koncentracie mozno vysvetlit emisiou z priemyslu, a najma

time are emitted. As and Hg are not essential. As is a typical pollutant re-
leased by burning of Slovak brown coal, and mercury is emitted by an iron
mine at Rudnany, incinerators, crematoria and military installations.

PC2 accounts for 8.5% of total variability and contains component weights
for elements ordered Mn, Be, Al, Ni, Co in all forest tree species.
Manganese and cobalt are essential elements, which become noxious in
higher concentrations. Berylium, aluminium and nickel come from emis-
sion sources and earth dust.

Main elements in PC3 are Ca, Mg and Sr which account for 6.9% of total
variability. Calcium and magnesium are essential to plants but become
noxious in higher concentrations. Strontium has no biological function.
PC4 contains typical elements with physiological functions (Cr and Fe)
which account for 6.6% of total variability. Higher contents of chromium
and iron are toxic to plants. Lead has no biological function and its
increased contents can be explained by industrial emissions but mainly
exhaust gases.

PC5 composed of structural elements sulphur and nitrogen accounts for
5.2% of total variability. Increased amounts of both elements in plant mat-
ter are caused by polluted atmosphere.

PC6 contains positive values for Cd and Zn. Zinc is an essential element.
The essentiality of cadmium is currently being discussed.
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automobilovych vyfukovych plynov.

PC5 vysvetluje 5,2 % celkovej variability a tvoria ju Strukturalne prvky sira
a dusik. Ich zvySené mnozZstva v rastlinnom materiali su sposobené zne-
Cistenym ovzduSim.

PC6 obsahuje pozitivne hodnoty pre Cd a Zn. Zinok je esencialny prvok.
Esencialita kadmia pre rastliny je v suc¢asnosti predmetom diskusii.

PC7 ma najvyssiu pozitivnu hodnotu pre barium a najvyssiu negativnu hodno-
tu pre selén. Barium a selén nie su z hladiska esenciality vyznamné prvky.
PC8 ma najvyssie pozitivne hodnoty pre Li, V a Na. Sodik je esencialny
prvok s vyznac¢nou elektrolytickou funkciou, vanad a litium nie su pre rastli-
ny esencialne. Ich zvySené mnozstvo v rastlinach mozno vysvetlit emisiami
z lokalnych priemyselnych zdrojov, napr. litia v oblasti sklarni a keramicke;j
vyroby. Vanad je typicky komponent emisii zo spalovania fazkych olejov.
PC9 vysvetluje 4,4 % celkovej variability a najvyssiu pozitivnu hodnotu ma rubi-
dium a draslik. Draslik je typicky esencialny prvok s vyzna¢nou elektrolytickou
funkciou. Rubidium nema biologicku funkciu a v prirode sprevadza draslik.
PC10 vysvetluje 4% celkovej variability a tvori ho fluér, ktory v rastlinach
nema vyznacnejsiu biologicku funkciu. Jeho zvySené mnozstvo signalizuje
pritomnost emisnych zdrojov.

61,8% celkovej variability 26 prvkov v asimila¢nych organoch vsetkych dre-
vin bolo vysvetlenych pomocou 10 komponentov.

Rovnovaha jednotlivych prvkov v rastlinnych organizmoch je zakladom
normalneho rastu. Podobné chemické vlastnosti, ktoré vyplyvaju z pribliz-
ne rovnakych ionovych radikalov a nabojov pravdepodobne sposobuju,
Ze interakcie medzi jednotlivymi prvkami prebiehaju vnutri rastlinného
organizmu. Medzi jednotlivymi prvkami existuju synergické i antagonistic-
ké vztahy, ktoré narusuje znecCistené ovzdusie. MARKERT (1993) ako prvy
objasnil vzajomné korelacné vztahy P, N, K, Ca a Mg v 54 pripadoch
vysSich a nizSich rastlinnych druhov. P a N maju vyznam pocas proteino-
vej biosyntézy, Ca a Mg ako spolo¢ny enzymaticky aktivator pocas meta-
bolickych fyziologickych procesov. MARKERT (1993) zistil vysoké korelacie
medzi P, N, Ca, Mg a Sr navzajom a Co/Mo a Cr/Co v ihli¢i P. sylvestris.

PC7 has the highest positive value for barium and the highest negative
value for selenium. Barium and selenium are not essential to plants.

PC8 displays the highest positive values for Li, V and Na. Sodium is an
essential element with an important electrolythic function, while vanadium
and lithium are not essential to plants. Their increased quantities in plants
may be explained by emissions from local industrial sources, e. g. lithium
from glass and earthenware works. Vanadium is typically released by bur-
ning of residual fuel oil.

PC9 accounts for 4.4% of total variability. The highest positive values here
were assigned to rubidium and potassium. Potassium is a typical essential
element to plants with significant electrolythic functions. Rubidium which
is associated with potassium in nature has no biological functions.
PC10accounts for 4% of total variability. It is composed of fluorine which
has no important biological function in plants. Its increased quantities sig-
nal the presence of emission sources.

61.8% of total variability of 26 elements in foliage of all forest tree species
have been explained by ten components.

The equilibrium of individual elements in plant bodies is a precondition
to their normal growth. Similar chemical properties due to roughly equal
ion radicals and charges probably cause interactions between individual
elements in plant organisms. Synergic and antagonistic relationships
between individual elements are disturbed by polluted atmosphere.
MARKERT (1993) was the first to clear up mutual correlation relation-
ships between P, N, K, Ca and Mg in 54 higher and lower plant species.
P and N play a role in protein biosynthesis, while Ca and Mg are a com-
mon enzymatic activator in metabolic physiologic processes. MARKERT
(1993) has identified high correlations between P, N, Ca, Mg and Sr
as such and between Co/Mo and Cr/Co in needles of P. sylvestris. He
also states that Al/Ca, Mn/Ca and B/Sb are typical antagonistic pairs
of elements.

Mutual correlation relationships between individual elemental pairs
in forest biomass throughout the Slovak territory are in Tab. 14. No

KORELACIA MEDZI JEDNOTLIVYMI PRVKAMI TAB. CORRELATION BETWEEN INDIVIDUAL ELEMENTS
V LESNEJ BIOMASE SLOVENSKA IN FOREST BIOMASS IN SLOVAKIA
E[{;’%};m Al | As | Ba | Ca|cd|Co | cr|cul| F | Fel|Hg | K L | Mg |Mn | N | Na| N | Po| RO| S | Se| sn| zn
Al 1,000°| 0,173 |-0,083 | 0,015 | 0,169 | 0,272 | 0,059 | 0,136 | 0,140 | 0,041 | 0,115 |-0,080 | 0,152 |-0,030 | 0,365 | 0,029 | 0,076 | 0,169 | 0,080 |-0,093 | 0,069 | 0,065 | 0,007 | 0,106
As 0,173 | 1,000°|-0,055 |-0,045 | 0,133 | 0,074 | 0,025 | 0,571 | 0,072 | 0,036 | 0,351 | 0,014 | 0,038 [-0,007 | 0,080 | 0,112 | 0,112 | 0,016 | 0,260 [-0,057 | 0,206 | 0,089 |-0,012 | 0,370
Ba -0,083 |-0,055 | 1,000°| 0,176 | 0,048 |-0,066 | 0,075 | 0,022 |-0,056 |-0,018 | 0,083 | 0,227 | 0,045 | 0,111 | 0,086 | 0,053 | 0,093 | 0,156 | 0,057 |-0,006 |-0,044 |-0,026 | 0,355 | 0,040
Ca 0,015 |-0,045 | 0,176 | 1,000°| 0,039 | 0,040 | 0,058 | 0,041 |-0,008 | 0,035 |-0,031 | 0,221 | 0,018 | 0,496 |-0,072 | 0,073 | 0,097 | 0,091 | 0,029 |-0,026 | 0,191 | 0,034 | 0,357 | 0,012
cd 0,169 | 0,133 | 0,048 | 0,039 | 1,000°| 0,259 |-0,006 | 0,118 | 0,093 |-0,024 | 0,051 | 0,063 | 0,033 |-0,039 | 0,168 | 0,080 | 0,01 | 0,117 | 0,057 | 0,012 | 0,04 | 0,090 | 0,050 | 0,378
Co 0,272 | 0,074 |-0,066 | 0,040 | 0,259 | 1,000°| 0,105 | 0,103 | 0,057 | 0,121 | 0,048 | 0,034 | 0,075 | 0,090 | 0,270 | 0,034 | 0,021 | 0,210 | 0,063 |-0,041 | 0,170 | 0,077 | 0,061 | 0,117
cr 0,059 | 0,025 | 0,075 | 0,058 |-0,006 | 0,105 | 1,000°| 0,136 |-0,013 | 0,585 |-0,001 | 0,040 | 0,086 | 0,045 |-0,000 | 0,020 | 0,060 | 0,077 | 0,537 | 0,027 | 0,020 | 0,003 |-0,005 | 0,062
Cu 0,136 | 0,571 | 0,022 | 0,041 | 0,118 | 0,103 | 0,136 | 1,000°| 0,027 | 0,309 | 0,266 | 0,181 | 0,066 | 0,138 | 0,052 | 0,176 | 0,138 | 0,161 | 0,211 |-0,005 | 0,241 | 0,057 | 0,036 | 0,305
F 0,140 | 0,072 |-0,056 |-0,008 | 0,093 | 0,057 |-0,013 | 0,027 | 1,000°|-0,003 | 0,043 |-0,079 |-0,024 |-0,055 | 0,048 | 0,046 | 0,024 | 0,021 | 0,018 |-0,025 | 0,010 | 0,029 |-0,016 | 0,065
Fe 0,041 | 0,036 |-0,018 | 0,035 |-0,024 | 0,121 | 0,585 | 0,309 |-0,003 | 1,000°| 0,010 |-0,010 | 0,052 | 0,015 | 0,000 [-0,007 | 0,006 | 0,0127| 0,017 |-0,032 | 0,018 | 0,007 |-0,000 | 0,075
Hg 0,115 | 0,351 | 0,083 |-0,031 | 0,051 | 0,048 |-0,001 | 0,266 | 0,043 | 0,010 | 1,000°| 0,023 | 0,018 [-0,028 | 0,084 | 0,060 | 0,092 [-0,007 | 0,117 [-0,028 | 0,130 | 0,043 |-0,000 | 0,164
K -0,080 | 0,014 | 0,227 | 0,221 | 0,063 | 0,034 | 0,040 | 0,181 |-0,079 |-0,010 | 0,023 | 1,000°| 0,064 | 0,268 |-0,025 | 0,203 | 0,154 | 0,187 | 0,069 | 0,162 | 0,202 | 0,015 | 0,199 | 0,003
Li 0,152 | 0,038 | 0,045 | 0,018 | 0,033 | 0,075 | 0,086 | 0,066 |-0,024 | 0,052 | 0,018 | 0,064 | 1,000°| 0,059 | 0,031 [-0,095 | 0,170 | 0,083 | 0,052 [-0,031 | 0,009 | 0,007 | 0,104 | 0,025
Mg -0,030 |-0,007 | 0,111 | 0,496 |-0,039 | 0,090 | 0,045 | 0,138 |-0,055 | 0,015 |-0,028 | 0,268 | 0,059 | 1,000°|-0,0109| 0,137 | 0,156 | 0,137 | 0,010 | 0,040 | 0,300 | 0,035 | 0,234 |-0,015
Mn 0,365 | 0,080 | 0,086 |-0,072 | 0,168 | 0,270 |-0,000 | 0,052 | 0,048 | 0,000 | 0,084 |-0,025 | 0,031 |-0,109 | 1,000°| 0,055 | 0,019 | 0,277 | 0,045 |-0,090 | 0,047 | 0,081 |-0,050 | 0,033
N 0,029 | 0,112 | 0,053 | 0,073 | 0,080 | 0,034 | 0,020 | 0,176 | 0,046 |-0,007 | 0,060 | 0,203 [-0,095 | 0,137 | 0,055 | 1,000°| 0,097 | 0,095 | 0,026 | 0,003 | 0,548 | 0,018 | 0,081 | 0,050
Na 0,076 | 0,112 | 0,003 | 0,097 | 0,101 | 0,021 | 0,060 | 0,138 | 0,024 | 0,006 | 0,092 | 0,154 | 0,170 | 0,156 | 0,019 | 0,097 | 1,000°| 0,073 | 0,076 | 0,005 | 0,161 | 0,043 | 0,097 | 0,049
Ni 0,169 | 0,016 | 0,156 | 0,001 | 0,117 | 0,210 | 0,077 | 0,161 | 0,021 | 0,127 |-0,007 | 0,187 | 0,083 | 0,137 | 0,277 | 0,095 | 0,073 | 1,000°| 0,021 |-0,086 | 0,130 | 0,019 | 0,047 | 0,082
Pb 0,080 | 0,260 | 0,057 | 0,029 | 0,057 | 0,063 | 0,537 | 0,211 | 0,018 | 0,017 | 0,117 | 0,069 | 0,052 | 0,10 | 0,045 | 0,026 | 0,076 | 0,021 | 1,000°| 0,014 | 0,074 | 0,099 |-0,017 | 0,043
Rb -0,093 |-0,057 |-0,006 |-0,026 | 0,012 |-0,041 | 0,027 |-0,005 |-0,025 |-0,032 |-0,028 | 0,162 |-0,03L | 0,040 |-0,090 | 0,003 | 0,005 |-0,086 | 0,014 | 1,000*|-0,043 | 0,004 |-0,038 |-0,111
S 0,069 | 0,206 |-0,044 | 0,191 | 0,104 | 0,170 | 0,020 | 0,241 | 0,010 | 0,018 | 0,130 | 0,202 | 0,009 | 0,300 | 0,047 | 0,548 | 0,161 | 0,130 | 0,074 |-0,043 | 1,000°| 0,085 | 0,156 | 0,127
Se 0,065 | 0,089 |-0,026 | 0,034 | 0,090 | 0,077 | 0,003 | 0,057 | 0,029 | 0,007 | 0,043 | 0,015 | 0,007 | 0,035 | 0,081 | 0,018 | 0,043 | 0,019 | 0,093 | 0,004 | 0,085 | 1,000°| 0,013 | 0,055
sn 0,007 |-0,012 | 0,355 | 0,357 | 0,050 | 0,061 |-0,005 | 0,036 |-0,016 |-0,000 |-0,000 | 0,199 | 0,104 | 0,234 |-0,050 | 0,081 | 0,097 | 0,047 |-0,017 |-0,038 | 0,156 | 0,013 | 1,000*| 0,057
Zn 0,106 | 0,370 | 0,040 | 0,012 | 0,378 | 0,117 | 0,062 | 0,305 | 0,065 | 0,075 | 0,164 | 0,003 | 0,025 |-0,015 | 0,033 | 0,050 | 0,049 | 0,062 | 0,143 |-0,111 | 0,127 | 0,055 | 0,057 | 1,000*
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Ako typické antagonistické pary uvadza Al/Ca, Mn/Ca a B/Sb.

Vzajomné korelacné vzfahy medzi jednotlivymi parmi prvkov v lesnej
biomase na celom uzemi Slovenska obsahuje tab. 14. Nezistili sme ani
kladny, ani zaporny korelany vztah s regresnym Kkoeficientom vyssim alebo
rovnym *0,9. Vzajomné korelacné vztahy medzi jednotlivymi parmi prvkov
v borovicovom a smrekovom ihli¢i sa zistovali osobitne pre pat priemy-
selnych oblasti, jeden vojensky priestor a pat horskych lesov. Tab. 15 uva-
dza elementové pary s korelacnym Kkoeficientom vyssim, alebo rovnym *0,8.
V protiklade s udajmi MARKERTA (1993) sa prekvapujuco nasli v priemy-
selnych lokalitach iba vysoko pozitivne korelovateIné pary prvkov, ktoré su
tam emitované. V Nizkych Tatrach-juh sme zistili iba pozitivnu korelaciu
medzi Cr/Co (0,838) Negativny korelacny vztah medzi parmi elementov

positive nor negative correlation relationship reached regression coeffi-
cient higher or equal to +0.9. Mutual correlation relationships between
individual elemental pairs in pine and spruce needles have been inves-
tigated separately in 5 industrial areas, 1 military area and 5 mountain
forests. Tab. 15 shows elemental pairs whose correlation coefficient ex-
ceeds or equals +0.8. Surprisingly, in contrast to data put forward by
MARKERT (1993), only highly positive correlable elemental pairs of lo-
cally emitted elements have been noted in industrial areas. In the sout-
hern Nizke Tatry, only a positive correlation between Cr and Co
(0.838) has been found No negative correlation relationship has been
found between elemental pairs whose regression coefficient exceeded
or equalled -0.8.

TAB. 15

KORELACIE MEDZI JEDNOTLIVYMI PRVKAMI PODLI'A LOKALIT
Lokalita r>0,8 negativne korelacie
Ziarska kotlina Cr/Pb 0,994
Co/Ni 0,815
Horna Nitra Cr/Pb 0,874
Lubenik a Jelsava Mg/S 0,907 Cd/Fe -0,754
Al/Be 0,812
Ba/Sr 0,812
Stredny Spis S/N 0,737
Kosice As/Cr 0,930
Al/Pb 0,924
As/V 0,875
Na/Se 0,875
Co/Ni 0,860
Ba/Rb 0,853
Na/F 0,847
Al/Cr 0,825
Cd/Sr 0,824
Ni/Rb 0,816
Al/As 0,812
Cd/Zn 0,806
Ba/Cu 0,802
Vojensky priestor Lest Cu/Na 0,912 Ca/N -0,750
Cu/Li 0,898 N/Sr  -0,743
AV 0,896 Ca/Na -0,736
N/Na 0,850 Na/Sr  -0,733
Al/Co 0,839 Hg/S -0,729
Al/Ca 0,830 Ca/Cu -0,722
Li/Na 0,825 Be/Cd -0,722
Mg/N 0,811 Al/Mg -0,716
Ca/Co 0,806 N/V -0,706
N/Se 0,803 Mg/V -0,701
Kysuce - Beskydy -
Nizke Tatry - sever -
Nizke Tatry - juh Cr/Fe 0,999
Cu/Ni 0,850
Co/Fe 0,843
Cr/Cu 0,839
Cu/Fe 0,839
Co/Cr 0,838
As/Cr 0,805
As/Fe 0,804
Vysoké Tatry As/Cu 0,970
Zapadné Tatry -

s regresnym koeficientom vys$sim alebo rovnym -0,8 sme nenasli.
5.4.2. Exogénny obsah prvkov

Vysledky hodnotenia pritomnosti pevnych Castic v prieduchoch asimila¢nych
organov lesnych drevin (P. abies, P. sylvestris, A. alba, Q. species a F. sylvatica)
na 3062lokalitach su zhrnuté v tab. 16.Prieduchy asimilacnych organov obsa-
hovali vSetky kategodrie Castic tuhych spadov. Popoléeky zo spalovania uhlia
boli pritomné v 99,3% drevin, mycélia a spory v 535% drevin, mineralne latky,
piesok a Castice pody v 77,7% drevin. Castice, ktoré vznikaju pri vyrobe hlini-
ka, boli v 3,1% drevin. Castice, ktoré vznikajii pri vyrobe cementu a vo vapen-
kach boli pritomné v 16,2% drevin, Castice zo spracovania magnezitu v 1,1%
drevin. Castice zodpovedajiice vyrobe Zeleznych kovov sa vyskytovali v 62%
drevin a z inych typickych technologii v 35% drevin. Castice usadené v priedu-
choch lesnych drevin nie je mozné zmyt, preto sme vzorky neumyvali.

Hodnotenie obsahu jednotlivych prvkov v casticiach usadenych v prie-
duchoch asimilaénych organov je zachytené na obr. 6. Tmavou farbou

CORRELATION BETWEEN INDIVIDUAL ELEMENTS AS TO AREAS
Localities r>0,8 negative correlations
Ziar Basin Cr/Pb 0,994
Co/Ni 0,815
Upper Nitra Basin Cr/Pb 0,874
Lubenik and Jelsava Mg/S 0,907 Cd/Fe -0,754
Al/Be 0,812
Ba/Sr 0,812
Central Spis S/N 0,737
Kosice As/Cr 0,930
Al/Pb 0,924
As/V 0,875
Na/Se 0,875
Co/Ni 0,860
Ba/Rb 0,853
Na/F 0,847
Al/Cr 0,825
Cd/Sr 0,824
Ni/Rb 0,816
Al/As 0,812
Cd/Zn 0,806
Ba/Cu 0,802
Military area Lest Cu/Na 0,912 Ca/N -0,750
Cu/Li 0,898 N/Sr  -0,743
Al/V 0,896 Ca/Na -0,736
N/Na 0,850 Na/Sr  -0,733
Al/Co 0,839 Hg/S -0,729
Al/Ca 0,830 Ca/Cu -0,722
Li/Na 0,825 Be/Cd -0,722
Mg/N 0,811 Al/Mg -0,716
Ca/Co 0,806 N/V -0,706
N/Se 0,803 Mg/V -0,701
Kysuce - Beskydy -
Nizke Tatry - north -
Nizke Tatry - south Cr/Fe 0,999
Cu/Ni 0,850
Co/Fe 0,843
Cr/Cu 0,839
Cu/Fe 0,839
Co/Cr 0,838
As/Cr 0,805
As/Fe 0,804
Vysoké Tatry As/Cu 0,970
Zapadné Tatry -

5.4.2. Exogenic elemental contents

The assessment of solid particles in leaf vents of forest woody plants (P.
abies, P. sylvestris, A. alba, Q. species and F. sylvatica) in 3062sites is given
in Tab. 16.The leaf stomata contained all kinds of particles of solid fallout.
Coal ash was noted in 99.3% of woody plants, mycelia and spores in 53.5%,
mineral matter, sand and soil particles in 77.7% of woody plants. Particles
released by aluminium smelting occur in 3.1% of woody plants. Particles
resulting from cement and lime production affect 16.2%, and those from
magnesite industry 1.1% of woody plants. Particles corresponding to iron
smelting covered 62% and those typical of other technologies 35% of woody
plants. Particles deposited in leaf stomata of forest woody-plants cannot be
removed by washing and therefore we did not wash the samples.

The evaluation of contents of individual elements in particles deposited in
leaf stomata is given in Fig. 6. Dark colours mark prevailing elemental con-
tents in the particles. These results are discussed in Part B separately for
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komentované v Casti B pre kazdy element osobitne. EDX spektrum pre
typicky popolcek je na obr. 7, pre Zelezo na obr. 8 a pre hlinik na obr. 9.
Celkovy pohlad na prieduch borovicového ihli¢ia je na obr. 10 a 11.

each element. EDX spectrum for a typical ash is in Fig. 7, for iron in Fig. 8
and for aluminium in Fig. 9.
An close-up view of a pine stomata vent is shown in Fig. 10 and 11.

KATEGORIE CASTIC USADENYCH V PRIEDUCHOCH TAB. 16 CATEGORIES OF PARTICLES DEPOSITES IN LEAF
ASIMILACNYCH ORGANOV NA 3092 LOKALITACH STOMATA IN 3092 SITES
Kategorie Castic v % / Category of particles in %
Drevina
Tree
A B C D E F1 F2 F3 F4 F5 F6
P. abies 60,1 83,6 - 97,9 - 2,9 15,9 - 63,8 0,3 34,9
P. sylvestris 51,0 62,7 - 98,0 - 2,0 23,5 - 52,9 - 43,1
A. alba 68,3 70,7 - 100,0 - 7,3 9,8 - 65,9 - 31,7
F. sylvatica 48,6 74,3 - 98,0 0,3 3,4 19,8 0,8 57,3 - 33,9
Q. species 51,6 78,9 - 100,0 - 3,2 9,5 11 67,4 - 35,0
Dreviny spolu
Trees total 53,5 77,0 - 98,3 0,3 3,1 16,2 1,1 62,0 0,1 35,0
Obr. 6 100 Fig. 6
Obsah prvkov v Casticiach Element content in particles
usadenych v prieduchoch deposited in stomata of fo-
asimilacnych organoch drevin liage of forest tree species
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A—RAV: 0 - 20 kel ,
Obr. 8 Liwe: 50z Preset: S0z Remaining: 0s Fig. 8
EDX-spektrum pre Zelezo Feal:  83s 40X Dead EDX-spectrum for iron
L= S.100  keld .z
Fo= 16K ch 265= 234 cts
MEM1:TYPICAL SPECTEUM OF IROH
K-RAY: 0 - 20 kel .
Obr. 9 Live: S0s Preset: S0s Remaining: 0z Fig. 9
EDX-spektrum pre hlinik Real: 3= Yo% Dead EDX-spectrum for aluminium
K
£ .0 | 2.580 kel >
FS= 22K ch 129= Y13 otz

MEM1:TYPICAL SPECTEUM OF ALUMIMILM

Obr. 10

Prieduch borovicového ihli¢ia
Fig. 10

Pine-needle stoma

Obr. 11

Prieduch borovicového ihli¢ia
Fig. 11

Pine needle stoma
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6. OPIS PRVKOV A GEOCHEMICKE MAPY

Zakladnou vlastnostou lesného ekosystému je schopnost autoregulacie,
ktora ho udrzuje v dynamickej rovnovahe. Autoregulacia nepripusta vznik
extrémnych vykyvov a nimi sposobeného hromadenia prvkov v asimilac-
nych organoch lesnych drevin.

Cielom mapovej zloZky druhej Casti Geochemického atlasu Slovenska je po-
dat uceleny pohlad o obsahu Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, F, Fe, Hg,
K, Li, Mg, Mn, N, Na, Ni, Pb, Rb, S, Se, Sr, V a Zn v asimilacnych orga-
noch lesnych drevin. Ku kaZdej geocemickej mape venovanej urcitému
prvku je pripojeny prehlad udajov o jeho obsahu v lesnych drevinach, ktoré
boli v poslednych rokoch publikované v dostupnej odbornej a vedecke;j lite-
rature u nas i vo svete.

Pre rychlu orientaciu Citatelov sa uvadza prehlad vyskytu jednotlivych sle-
dovanych prvkov v horninach a v pdde. Podrobné udaje o obsahu prvkov
v podach Slovenska spristupni zaujemcom jedna z dalSich Casti edicie
Geochemického atlasu Slovenska. Esencialita a toxicita prvkov je prehladne
zachytena v periodickej tabul'ke (tab. 17) . Uvadza sa aj forma, v ktorej su
v lesnych drevinach najtoxickejsie.

6. ELEMENT DESCRIPTION AND GEOCHEMICAL MAPS

The main characteristics of a forest ecosystem is autoregulation capability
which preserves its dynamic equilibrium. Autoregulation eliminates extre-
me changes and subsequent accumulation of elements in the foliage of fo-
rest tree species.

The maps in Part II of the Geochemical Atlas of Slovakia are aimed at giving
a comprehensive overview of Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, F, Fe, Hg,
K, Li, Mg, Mn, N, Na, Ni, Pb, Rb, S, Se, Sr, V and Zn contents in the fo-
liage of forest tree species. Each geochemical map devoted to a certain ele-
ment is accompanied by a review of data on its contents in forest species
which have been published in available professional and scientific literature
in recent years both in Slovakia and abroad.

A review of occurrences of individual investigated elements in rocks and
soil is given for a quick orientation of the reader. Detailed data on elemen-
tal contents in Slovakia’s soils will be published in one of the next editions
of the Geochemical Atlas of Slovakia. A periodic table (Tab. 17) indicates in
a simple way whether a given element is essential or toxic. A form in which
the element is the most toxic for forest species is indicated, too.

PERIODICKA TABULKA TAB. 17 PERIODIC TABLE
E
H He
? P E E E Z
Li* | Bex B C | N»| O F+ | Ne
E E E E E E
Na* | Mg+ Al+ | Si P | s« | cl | Ar
E E Z P E E E Z E E ? Z ?
K+ | Cax | Sc Ti V* Crx | Mn* | Fe* | Co*x [ Ni* | Cux | Zn* | Ga Ge | As* | Se* | Br Kr
E ? z Z
Rb* | Srx* Y Zr Nb Mo Tc Ru Rh Pd Ag Cd=* In Sn Sb Te | Xe
? R R R
Cs |[Bax| La | Hf | Ta | W | Re | Os | Ir | Pt | Au [Hg*| TI |Pb*| Bi | Po | At | Rn
®
E R R
Fr Ra Ac
®
R
Ce Pr Nd [ Pm | Sm | Eu | Gd | Tb Dy | Ho Er | Tm | Yb Lu
R R R R R R R R R R R R R R
Th Pa U Np Pu Am [ Cm Bk Cf Es Fm Md No Lr
E - esencialny pre rastliny a zivoc¢ichy / essential to plants and animals
P - esencialny iba pre rastliny / essential to plants only
Z - esencialny iba pre Zivocichy / essential to animals only
? - esencialita zatial nie je ista / essentiality unconfirmed
* — prvky, uvedené v tomto atlase / elements given in this Atlas
R - vsetky nuklidy tychto prvkov su radioaktivne / all nuclides of these elements are radioactive

Prehlad chemickych prvkov dopinaju informacie o nich, délezité z fyziolo-
gického hladiska. Medzi Strukturalne prvky zaradujeme uhlik, vodik, dusik,
kyslik, fosfor, siru, kremik a vapnik. Medzi elektrolytické prvky patri dras-
lik, sodik, vapnik, chlor a hor¢ik a medzi enzymatické prvky vanad, chrom,
molybdén, mangan, Zelezo, kobalt nikel, med, zinok, bor, cin, selén, fluor,
jod a horcik.

Prvky, uvadzané ako Strukturalne, bud tvoria bielkoviny, tuky, karbo-
hydraty a nukleové kyseliny, alebo priamo Strukturne tkaniva (vapnik).
Dusik a sira su biochemicky viazané do uhlikovych retazcov a tvoria
organické latky, a to po redukcii ich obyc¢ajne vysokého oxida¢ného stup-
na (dusi¢nany alebo sirany). Naproti tomu fosfor, bor a kremik su pri-
tomné v najvySSom oxidacnom stupni. Nie su redukované, ale prednos-
tne tvoria esterové skupiny s OH vo vacSine molekul, ¢iastoéne v cu-
kroch. Na druhej strane su elektrolytické prvky potrebné pri stavbe
Specifickych fyziologickych potencidlov a zohravaju délezita ulohu pri
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The review of chemical elements contains also information on them which
is important from a physiologic point of view. Structural elements compri-
se carbon, hydrogen, nitrogen, oxygen, phosphorus, sulphur, silicium and
calcium. Electrolytic elements include potassium, sodium, calcium, chlori-
ne and magnesium, while enzymatic ones are vanadium, chromium, molyb-
denium, manganese, iron, cobalt, nickel, copper, zinc, boron, tin, selenium,
fluorine, iodine and magnesium.

Elements designated as structural ones, form either proteins, fats, carbo-
hydrates and nuclear acids or directly structural tissues (calcium). Nitro-
gen and sulphur are biochemically bound in carbon chains and create orga-
nic matter following reduction of their previously high oxidation state (ni-
trates or sulphates). In contrast, phosphorus, boron and silicium are found
in the highest valence. They are not reduced and largely create esther
groups with OH in most molecules and partly in saccharides. On the other
hand, the electrolytic elements are needed to create specific physiologic



udrziavani definovanych osmolytickych podmienok v bunkovom meta-
bolizme. Vapnik moze sucasne posobit ako Strukturalny aj ako elektro-
lyticky prvok. MnozZstvo chemickych prvkov, v najvi¢sej miere vSetky ko-
vové prvky, plnia v bunkovom metabolizme katalyticka funkciu. Nazy-
vame ich enzymatickymi.

Pri kazdej geochemickej mape prvku sa uvadza frekvenény diagram s roz-
delenim do koncentra¢nych tried. Farba koncentra¢nej triedy v diagrame
zodpoveda farbe na geochemickej mape.

Prehlad antropogénnej zatfaze prvkami pre péat druhov lesnych drevin
(1 — Fagus sylvatica, 2 — Quercus sp., 3 — Picea abies, 4 — Pinus sylvestris
a 5 —Abies alba) sa uvadza pri kazdej mape, a to v piatich priemyselnych
oblastiach: A —Horna Nitra (emisie SO2 a arzénu z teplarne), B — Ziarska
kotlina (emisie floru a SO2 z vyroby hlinika), C — KoSicka aglomeracia
(emisie SO2 a Fe z teplarne a z vyroby zeleza), D — Lubenik a JelSava (emi-
sie horc¢ika a tazkych kovov pri vyrobe magnezitu a E — stredny Spi$ (emi-
sie ortuti, tazkych kovov a SO2 z vyroby Zeleznych a nezeleznych kovov, vo
vojenskom priestore (F — Lest) a v Siestich horskych lesnych komplexoch:
G — Nizke Tatry-juh (emisie z vyroby Zeleza a nezeleznych kovov),
H — Nizke Tatry-sever (emisie z chemickej vyroby), I — Vysoké Tatry (emi-
sie z prevadzky automobilov a z dialkového prenosu emisii), K — Zapadné
Tatry (emisie z vyroby neZeleznych kovov a z dialkového prenosu emisii)
a L — Kysuce a Orava (emisie z vyroby neZeleznych kovov a z dial'kového
prenosu emisii). Farebne su odliSené jednotlivé druhy drevin.

Akumulacia niektorych prvkov v asimila¢nych organoch lesnych drevin je
prekvapivo vysoka, ¢o mozno dokumentovat emisiami tazkych kovov na
Slovensku v roku odberu vzoriek. NajzatazenejSim regionom je jedno-
znacne stredny SpiS$, kde sa vyskytuje aj najvacSie chradnutie a odumiera-
nie lesnych drevin. Udaje o emisii tazkych kovov za rok 1994 podla jed-
notlivych ¢innosti obsahuje tab. 18 s uvedenim zniZenia oproti roku 1992
(pozri tab. 11).

potentials and play an important role in maintaining defined osmolytic
conditions in cellular metabolism. Calcium can act simultaneously as
a structural and electrolytic element. A multitude of chemical elements,
particularly all metallic elements, act as catalysts of cellular metabolism.
These elements are referred to as enzymatic.

Each elemental geochemical map is accompanied by a frequency diagram
showing distribution of its contents. The colour of a concentration class in
the diagram equals the colour on the geochemical map.

A review of man-made elemental impact on five forest species (1 — Fagus
sylvatica, 2 — Quercus sp., 3 — Picea abies, 4 — Pinus sylvestris and 5 — Abies
alba) is given in each map. It applies to five industrial areas: A — Upper
Nitra Valley (SO2 and arsenic from a power plant), B — Ziar Basin (fluori-
ne and SO2 emissions from an aluminium plant), C — KoSice metropolitan
area (SO2 and Fe emissions from a power plant and an iron smelter),
D — Lubenik and JelSava (magnesium and heavy-metal emissions from
magnesite plants), E — Central Spi§ (mercury, heavy-metal and SO2 emis-
sions from iron and base-metal production), a military area (F — Lest) and
six mountain forest complexes: G — southern Nizke Tatry (emissions from
iron and base-metal production), H — northern Nizke Tatry (emission from
chemical industry), I — Vysoké Tatry (emissions from distant sources and
car fumes), K — Zapadné Tatry (emissions from base-metal plants and
from distant sources) and K — Kysuce and Orava (emissions from base-
metal plants and from distant sources). Individual species are marked by
different colours.

The accumulation of some elements in the foliage of forest species is sur-
prisingly high, which can be exemplified by heavy-metal emissions in
Slovakia in the year when the samples were collected. The worst-hit region
clearly is Central SpiS where forest species are damaged or die to the hig-
hest extent. Heavy-metal emissions in 1994 by industries are shown in
Tab. 18 and a decline in comparison with 1992is given in Tab. 11.

HLAVNE ZDROJE EMISIi TAZKYCH KOVOV NA SLOVENSKU (V T ZA ROK 1994) TAB. 18 MAJOR SOURCES OF HEAVY-METAL EMISSIONS IN SLOVAKIA (IN T/YR 1994)
ggt‘lr\‘lﬁls(:; As Cd cr Cu Hg Ni Pb Zn
Spalovanie fosilnych paliv / Burning of Fossil Fuels 20,94 0,25 7,47 6,81 0,29 9,17 5,23 13,14
Vyroba Zeleza a ocele / Iron and steel smelting 0,58 0,21 3,87 11,13 1,57 6,06 30,22 27,07
Vyroba nezeleznych kovov / Base-metal smelting 32,12 0,68 0,32 30,86 0,06 2,64 8,20 24,05
Anorganicky chemicky priemysel / Inorganic chemical industries - - - - 0,03 - - -
Vyroba cementu / Cement industry 0,01 0,00 0,12 - 0,22 0,12 1,06 0,27
Vyroba skla / Glass industry 1,24 5,10 0,59 0,15 0,01 0,47 11,49 2,72
Vyroba magnezitu / Magnesite industry 0,09 0,01 0,02 0,01 - 0,01 0,01 0,02
Spalovanie odpadu / Waste incineration 0,02 0,06 0,01 0,22 0,27 0,18 1,72 2,53
Kreméacia / Cremation - - - - - - - -
Doprava / Transport - 0,57 0,27 5,09 - - 21,10 6,18
Spolu / Total 55,00 6,88 12,67 54,27 2,45 11,65 79,03 75,98
Rozdiel medzi rokmi 1992 a 1994 v % / Difference between 1992 and 1994 in % -42,70 39,30 -82,20 -35,00 -45,10 60,70 -54,00 -18,60
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7. ZAVER

Geochemicky atlas obsahuje dokumentaciu stanovist odberu lesnej bioma-
sy, metodiku vzorkovania asimilaénych organov lesnych drevin, metodiku
chemickych analyz, prezentaciu udajov o obsahu Al, As, Ba, Be, Ca, Cd,
Co, Cr, Cu, F, Fe, Hg, K, Li, Mg, Mn, N, Na, Ni, Pb, Rb, S, Se, Sr, Va Zn
a interpretaciu vysledkov pomocou mapovych podkladov. Sucastou atlasu
je aj databaza vysledkov.

Zakladné udaje o distribucii ekologicky a loZiskovo vyznamnych prvkov
v asimilaénych organoch lesnych drevin (Al, As, Ba, Be, Ca, Cd, Co, Cr,
Cu, F, Fe, Hg, K, Li, Mg, Mn, N, Na, Ni, Pb, Rb, S, Se, Sr, V a Zn) su do-
plnené kritickym zhodnotenim ich obsahu vo vztahu k hrani¢énym hodno-
tam. Zhodnotenie jednotlivych prvkov vo vztahu k Zivotnému prostrediu je
nazorne vyjadrené v tabulkach. Osobitna pozornost sa venuje aj obsahu
prvkov na povrchu asimila¢nych organov lesnych drevin.

Asimila¢né organy lesnych drevin su citlivym bioindikatorom antropogén-
neho znecistenia atmosféry. Vplyv zneCisteného ovzduSia na lesné eko-
systémy je kluCovou otazkou pritomnosti a buducnosti. Zavaznost situacie
na Slovensku vyZaduje zasadné rieSenie v oblasti zniZenia emisii a ochrany
prirodnych zdrojov.
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7. CONCLUSION

The Geochemical atlas includes records of forest-biomass sampling points,
Lechnique applied to sample forest woody-plant leaves, chemical analyses
used, contents of Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, F, Fe, Hg, K, Li, Mg,
Mn, N, Na, Ni, Pb, Rb, S, Se, Sr, V and Zn in Slovakia and interpretation
of the results using maps. The Atlas also comprises a database of results
achieved.

Basic data on the distribution of elements signiticant for ecology and mine-
ral exploration in forest woody-plant leaves (Al, As, Ba, Be, Ca, Cd, Co, Cr,
Cu, F, Fe, Hg, K, Li, Mg, Mn, N, Na, Nij, Pb, Rb, S, Se, Sr, V and Zn) are
supplemented with a critical assessment of their contents in relation to cri-
tical values. For the sake of simplicity, individual elements in relation to the
environment are evaluated in tables. Special attention is paid to elemental
contents on the surface of forest woody-plant leaves.

Forest woody-plant leaves are a sensitive bioindicator of man-made air pol-
lution. The impact of polluted air on forest ecosystems is a crucial issue
we face now and will face in the future. The grave situation is Slovakia re-
quires fundamental measures to reduce emissions and protect natural
resources.
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