HLINIK

Hlinik je kovovy prvok, ktory sa v prirode nachadza v oxidacnom stave
(+1) a (+3). Po kysliku a kremiku je tretim najrozSirenejSim prvkom
v zemskej kore. Vyskytuje sa najma v podobe podvojnych kremicitanov
napr. v Zivcoch a sludach a v produktoch ich zvetravania. V mineraloch je
kombinovany s alkalickymi kovmi, kovmi alkalickych zemin a Zelezom.
Rastliny ziskavaju hlinik z pody, ¢asto v nadmernom mnozstve. Priemerny
obsah v susine pody je 71 000mg.kg* (BoweN, 1979. Pre baktérie, riasy,
huby, vysSie rastliny a zivoCichy nema hlinik esencialny vyznam. V rastli-
nach sa nachadza v mnozstve 90—530mg.kg?, akumuluje sa v Diapen-
siaceae, Ericaceae, Melastomaceae, Symplocaceae, Theaceaceae a Orites ex-
celsa. Pre rastliny je toxicky v mnozstve 0,1—30mg.1"t, najmi vo forme
Al®* a Al (OH);. U ludi sposobuje predGasné starnutie a je mozna suvis-
lost s Alzheimerovou chorobou. Celkovy obsah hlinika vo svetovej rastlin-
nej biomase odhaduje MARKERT (1992) na 1,47.1CFt. ZvySené mnozstva
suvisia s priemyselnou vyrobou hlinika z bauxitu, spracovanim kaolinu
a pritomnostou hlinika v popol¢ekoch, ktoré vznikaju pri spalovacich pro-
cesoch a usadzuju sa v prieduchoch a na povrchu asimila¢nych organov
(exogénny Al — WYTTENBACH, FURRER a TOBLER, 1995,

Ako hrani¢né hodnoty pre endogénny hlinik (obsah v asimilaénych orga-
noch) v lesnych drevinach sa uvadzaju obsahy 120—180mg.kg * (BOWEN,
1979,BUBLINEC, 1990,MARKERT, 1993. INNES (1995) zistil v dvojro¢nom
ihli¢i P. abies hodnoty 56 —542mg.kg™ a v P. sylvestris 113—532mg.kg .
Hlinik je moZny faktor novodobého poSkodenia lesa, pretoZe sa uvolnuje
pri kyslych depoziciach.

Aritmeticky priemer celkového obsahu hlinika v asimilaénych organoch
vsetkych drevin spracovanych v atlase je 151+139 mg.kg? (median
106 mg.kg™, tab. 19). Priemerny obsah hlinika v asimilaénych organoch
jednotlivych drevin v mg.kg™? je takyto: F. sylvatica 119 +84(median 102),
0. robur 92+53 (median 82), P. abies 115+89(median 99), P. sylvestris
365+181(median 362) a A. alba 280+194(median 257). Exogénny hli-
nik bol pritomny na 92,7% povrchu analyzovanych asimilacnych organov.
Na mape vSetkych drevin v atlase sa zvySeny obsah hlinika prejavil na
viacerych lokalitach (na vychodnom Slovensku, v Ziarskej kotline a na juz-
nom i zapadnom Slovensku). Vyssi obsah hlinika ako 200mg.kg* v asimi-
laénych organoch P. sylvestris a A. alba sa zistil v Ziarskej kotline a na stred-
nom Spisi, pre F. sylvatica v koSickej aglomeracii.

ALUMINIUM

Aluminium is a metallic element which naturally occurs in valences (+1)
and (+3). It is the third most abundant element in the earth’s crust after
oxygen and silicium. This element occurs largely in silicates, such as feld-
spars and micas or in their weathering products. In minerals it is associated
with alkali metals, alkali-earth metals and iron.

Plants take up aluminium from soil, often in excessive quantities. The ave-
rage Al content in dried soil is 71 000mg.kg* (BoweN, 1979. Aluminium
is not essential for bacteria, algae, fungi, higher plants and animals. Its con-
tents in plants vary from 90 to 530 mg.kg™?. It accumulates in Diapen-
siaceae, Ericaceae, Melastomaceae, Symplocaceae, Theaceaceae and Orites
excelsa. Al contents of 0.1—30mg.kg™?, particularly in the form of Al3*
and Al(OH),, are toxic to plants. It also makes humans to grow old prema-
turily and may be associated with Alzheimer disease. Total aluminium
amount contained in the world plant biomass has been estimated at
1.47.1C t (MARKERT, 1992. Increased contents result from industrial
production of aluminium metal from bauxites, kaolin processing, and
aluminium contained in ash which is deposited in stomata and on the sur-
face of leaves (exogenic Al — WYTTENBACH, FURRER and TOBLER, 1995).
Limit values for endogenic aluminium (content in foliage) in forest tree
species are 120 —180mg.kg* (BoweN, 1979; BUBLINEC, 1990and MAR-
KERT, 1993. INNEs (1995 has noted 56—542mg.kg* in two-year-old
needles of P. abies and 113—-532mg.kg* in those of P. sylvestris. Alumi-
nium is released from acid fallout and therefore may damage forests.
Arithmetic mean of total aluminium content in foliage of all forest
tree species assessed in the Atlas amounts to 15+139mg.kg? (median
106 mg.kgt, Tab 19.). The mean aluminium content in foliage of indivi-
dual tree species is (in mg.kg™?) 119+84 (median 102) in F. sylvatica,
92153 (median 82) in Q. robur, 115+89 (median 99) in P. abies,
365+181 (median 362) in P. sylvestris and 280 £194 (median 257) in
A. alba. Exogenic aluminium was present on 92.7% of the surface of ana-
lysed foliage of forest tree species.

A map of all tree species in the Atlas shows increased aluminium contents
in many places (in eastern Slovakia, Ziar Basin, southern as well as western
Slovakia). Total aluminium content exceeds 200mg.kg ! in foliage of P. syl
vestris and A. alba in the Ziar Basin and in central Spi§ region and F. syl
vatica near KoSice.

DISTRIBUCIA HLINIiKA V LESNYCH DREVINACH TAB. 19 DISTRIBUTION OF ALUMINIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 574 126 903 1114 105 178 1430 2331
Aritmeticky priemer v mg kg™ 119,0 92,0 137,0 116,0 280,0 366,0 160,0 151,0
Arithmetic mean in mg.kg™" ! ! ' ! ! ! ’ !
Smerodajna odchylka

Standard deviation 84,0 53,0 126,0 89,0 194,0 181,0 146,0 139,0
Variacny koeficient 70,3 57,8 92,2 77,03 69,3 49,4 91,1 92

Variation coefficient ! ! ' ' ' ' ’

Minimalna hodnota

Minimum value 15,0 21,0 14,0 8,0 5,0 15,0 5,0 5,0
Maximalna hodnota 964,0 452,0 979,0 1377,0 866,0 1668,0 1668,0 1668,0
Maximum value ’ ’ ’ ’ ’ ’ ’ ’

Median 102,0 82,0 101,0 99,0 257,0 363,0 111,0 106,0
Medlan ] ’ ) 1 1 i) i) 1
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ARZEN

Arzén je kovovy prvok, v prirode sa nachadza v oxidaCnom stave -3, 0, +3
a +5. Tvori velké mnozstvo zluCenin, predovSetkym zluCeniny arzénu
s kovmi, arzenidy. Vyskytuje sa vSak v prirode aj vo voI'nom stave. V hor-
ninach je pritomny najméa ako arzenopyrit spolu s dalSimi sirnikmi.
Priemerny obsah v suSine pody je 6 mg.kg* (BoweN, 1979. Pre baktérie,
riasy (s vynimkou Cervenych rias), huby, vysSie rastliny a zivoCichy nema
esencialny vyznam. Prijimaju ho pasivne a spravidla sa ukladd do mnohych
rastlinnych casti, najma starSich listov a korenov. Jeho prijem pravdepo-
dobne podporuju redukéné procesy. Niektoré formy arzénu sa spravaju
v pdde podobne ako fosfore¢nany (STREIT, 1991).

Celkovy obsah arzénu vo svetovej rastlinnej biomase odhaduje
MARKERT (1992 na 1,841.1Gt. V rastlinach sa nachadza v mnozstve
0,02— 7mg.kg™. Je pre ne toxicky v mnozstve 0,02— 7,5mg.1"! najméi vo
forme HAsOZ a H,AsOH; Jeho toxicita rastie od As, cez As® k As3*,
Arzénové zluCeniny su toxické a pravdepodobne aj karcinogénne, ale sam
prvok moze byt aj Zivinou. U Tudi je toxicka davka 5— 50mg za den. Arzén
sa kumuluje v Tudskych vlasoch a nechtoch. Jeho nedostatok zapri¢inuje
spomalenie rastu, vplyva na reprodukciu stavovcov a sposobuje zlyhanie
srdca k6z. MARKERT (1993 udava ako hrani¢ni hodnotu pre lesné dreviny
obsah 0,214mg.kg™. Varia¢né rozpitie arzénu bolo 0,003 —34(ihli¢naté
dreviny) a 0,005—13,8ng.kg* (listnaté dreviny).

Aritmeticky priemer celkového obsahu arzénu v asimilaCnych organoch
vSetkych drevin spracovanych v atlase je 0,56+1,69mg.kg? (median
0,24mg.kg™?). Priemerny obsah arzénu v asimilaénych organoch jednotli-
vych drevin v mg.kg? je takyto: F. sylvatica 0,67 1,44 (median 0,28),
0. species 0,44 +1,11(median 0,18), P. abies 0,41 +1,51(median 0,22), P.
sylvestris 1,21 +3,58(median 0,34) a A. alba 1,15+2,61(median 0,47).
Exogénny arzén bol pritomny na 0,8% povrchu analyzovanych asimilac-
nych organov lesnych drevin.

Na mape vSetkych drevin sa zvySeny obsah arzénu viaZe na priemyselné
centra. ZvySené hodnoty sme nasli v rozhodujucich lokalitach tohto typu
—stredny Spis, Horna Nitra, Ziarska kotlina, Povazie, ale aj okolie mensich
teplarni a priemyselnych zavodov na dalSich miestach. Hnedé uhlie obsa-
huje arzén vo vysokom mnoZstve a uvolniuje ho pri spalovani.

Obsah arzénu vyssi ako 0,2mg.kg* je v asimilacnych organoch F. sylvatica
na strednom Spisi, v Ziarskej kotline a na Hornej Nitre, v Nizkych Tatrach
a v Beskydoch na Kysuciach; pri Q. species na strednom SpiSi; pri P. abies
v Lubeniku a Jelsave, na Hornej Nitre a v Ziarskej kotline; pri P. sylvestris
a A. alba na strednom Spisi a v Ziarskej kotline.

ARSENIC

Arsenic is a metallic element which naturally occurs in valences -3, 0, +3
and +5. It forms a number of compounds, mainly with metals — arsenides,
but native arsenic can be found in nature as well. In rocks it is bound lar-
gely to arsenopyrite and other sulphides.

Average content in dried soil is 6 mg.kg* As (BOwEN, 1979. Arsenic is not
essential for bacteria, algae, fungi, higher plants and animals, the only
exception being red algae. Arsenic is taken up passively by plants and stor-
de in many parts of their bodies, mostly in older foliage and roots. The
uptake is likely to be supported by reducing processes. Some arsenic forms
behave in soil like phosphates (STREIT, 1991).

Total arsenic content in world plant biomass has been estimated by
MARKERT (1992 at 1.841.10 t. Its contents in plants range from 0.02
to 7 mg.kg™. Contents 0.02— 7.5mg.kg™* As, particularly in the form of
HAsOZ and H,AsOHj are toxic to plants, the toxicity growing from
As through As®* to As3®*. Arsenic compounds are toxic and probably also
carcinogene, but the element can also be a nutrient. The amount of
5—50mg/day is toxic to humans. Arsenic is accumulated in human hair and
nails. Arsenic deficiency slows down growth, affects vertebrate reproduction
and causes hart failures of goats. MARKERT (1993 gives a limit value for
forest tree species of 0.214mg.kg*. Arsenic contents in conifers vary from
0.003to 34 and in deciduous trees from 0.005to 13.8mg.kg™.

Arithmetic mean of total arsenic contents in foliage of all forest
tree species dealt with in the Atlas is 0.56+1.69 mg.kg* (median
0.24mg.kg™). Arithmetic means of total arsenic contents in foliage of indi-
vidual tree species are as follows (in mg.kg™t): F. sylvatica 0.67 £1.44(me-
dian 0.28), Q. species 0.44 +11(median 0.18), P. abies 0.41 +1.51(median
0.22), P. sylvestris 1.21£3.58(median 0.34), and A. alba 1.15+2.61(me-
dian 0.47). Exogenic arsenic was present on 0.8% of the surface of analy-
sed foliage of forest tree species.

The map of all woody plants in the Atlas shows that increased arsenic con-
tents occur in the vicinity of all industrial centres — in central Spis, Upper
Nitra Basin, Ziar Basin, Vah Valley as well as around small thermal power
plants and factories throughout Slovakia. Brown coal contains much arse-
nic which is released by burning.

Total arsenic content exceeds 0.2 mg.kg™* in leaves of F. sylvatica in cen-
tral Spi§, Upper Nitra and Ziar basins, Nizke Tatry Mts. and Kysuce
-Beskydy; O. species in central Spis; P. abies at Lubenik, JelSava, Upper
Nitra and Ziar basins, P. sylvestris and A. alba in central Spi§ and Ziar
Basin.

DISTRIBUCIA ARZENU V LESNYCH DREVINACH TAB. 20 DISTRIBUTION OF ARSENIC IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 539 126 868 987 96 171 1287 2153
Aritmeticky priemer v mg.kg™ 0,675 0,438 0,559 0,410 1,210 1,154 0,568 0,565
Arithmetic mean in mg.kg™" ! ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 1,440 1,106 1,277 1,508 3,576 2,607 1,920 1,691
Variacny koeficient 213 253 228 368 296 226 338 299

Variation coefficient

Minimaina hodnota 0,005 0,005 0,005 0,003 0,053 0,023 0,003 0,003
Minimum value ! ’ ’ ’ ! ! ! !
Maximalna hodnota 13,80 9,06 13,80 34,18 26,70 18,23 34,18 34,20
Maximum value ! ’ ’ ’ ! ! ’ !

Median

Median 0,267 0,178 0,232 0,218 0,337 0,467 0,246 0,240
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BARIUM

Barium patri medzi kovy alkalickych zemin. V prirode sa vyskytuje v oxi-
dacnom stave +2 a je rozSirené najma vo forme barytu (BaSO,). Pre bakté-
rie, riasy, huby, vysSie rastliny je neesencialny, o jeho esencialite pre Zivo-
¢ichy sa v sucasnosti diskutuje. Je relativne neSkodné, ale jeho iénova forma
Ba?* je vysoko toxicka. Za normalnych podmienok sa vsak vyskytuje ako
nerozpustné. Barium je Strukturalny prvok a senzor na snimanie intenzity
gravitaénej sily. Priemerna toxicita pre rastliny je 500mg.1 %, pre ¢loveka je
toxicka denna davka 200 mg. Barium akumuluje strom Bertholletia excelsa,
protozoa Xenophyophora, plankton Chaetoceruos curvisetus a Rhizosolenia
calcaravis. Jeho obsah v pode sa pohybuje okolo 500mg.kg™ a v rastlinach
sa nachadza v mnozstve od 8—150mg.kg* (BOWEN, 1979a MARKERT,
1993. Celkovy obsah baria vo svetovej rastlinnej biomase odhaduje
MARKERT (1992 na 7,364 .10't.

Aritmeticky priemer celkového obsahu baria v asimila¢nych organoch vset-
kych drevin spracovanych v atlase je 65+61mg.kg! (median 47 mg.kg™,
tab. 21). Priemerny obsah baria v asimila¢nych organoch jednotlivych dre-
vin v mg.kg? je takyto: F. sylvatica 100 +83(median 81), Q. species 82+52
(median 76), P. abies 53+44 (median 41), P. sylvestris 16 +26 (median
8,8) a 4. alba 36 £ 24(median 30). Exogénne barium bolo pritomné v 0,5%
prieduchov analyzovanych asimilaénych organov lesnych drevin na okoli
Zeleznorudnych bani Rudnany, kde sa vyraba.

Na mape vsetkych drevin st zrejmé obsahy baria vyssie ako 150mg.kg™* na
strednom a vychodnom Slovensku. Najvyssi obsah celkového baria v asi-
mila¢nych organoch F. sylvatica je v horskych lesoch Kysuc a Beskyd, na
juznej strane Nizkych Tatier a na okoli magnezitovych zavodov v Lubeniku
a JelSave. Najvyssi obsah celkového baria v asimila¢nych organoch P. abies
je v Ziarskej kotline, vo vojenskom priestore Lest a opif na okoli magnezi-
tovych zavodov v Lubeniku a JelSave. Obsah baria v ostatnych drevinach
neprekro¢il hranicu 150 mg.kg ™.

BARIUM

Barium is an alkali-earth metal. In nature it has valence +2 and mostly
occurs in the form of baryte BaSO,. It is not essential to bacteria, algae,
fungi and higher plants, whereas its importance for animals is currently
being discussed. It is fairly harmless, except for its ion form Ba?* which is
highly toxic. Under normal conditions, however, arsenic is insoluble. Ba-
rium is a structural and gravity sensor. Average toxicity for plants is
500 mg/1 and for humans 200 mg/day. Barium is amassed by tree Berthol-
letia excelsa, protozoa Xenophyophora, plankton Chaetoceruos curvisetus
and Rhizosolenia calcaravis.

Its content in soil varies around 500 mg.kg™* and in plants from 8 to
150 mg.kg?* (BoweN 1979,and MARKERT, 1993. Total barium content
in world plant biomass has been estimated by MARKERT (1992 at
7.364.10't.

Arithmeric mean of total barium content in foliage of all forest tree species
mentioned in the Atlas amounts to 65+61 mg.kg™* (media 47 mg.kg™,
Tab. 21). Average barium content in foliage of individual tree species is as
follows (in mg.kg™*): 100+ 83(median 81) in F. sylvatica, 82 +52(median
76) in Q. species, 53+44(median 41) in P. abies, 16 +26(median 8.8) in
P. sylvestris and 36 +24 (median 30) in 4. alba. Exogenic barium was pre-
sent in 0.5% of stomata of analysed foliage of forest tree species in the vici-
nity of barium mines at Rudnany.

The map of all woody plants in the Atlas reveals that barium contets sur-
pass 150mg.kg* in central and eastern Slovakia. The highest total barium
value has been noted in leaves of F. sylvatica in Kysuce and Beskydy moun-
tain forests, on southern slopes of the Nizke Tatry and around magnesite
plants at Lubenik and JelSava. The highest total barium contents in need-
les of P. abies occur in the Ziar Basin, military area Lest and around mag-
nesite plants at Lubenik and JelSava. Barium contents in other forest spe-
cies were below 150 mg.kg ™.

DISTRIBUCIA BARIA V LESNYCH DREVINACH DISTRIBUTION OF BARIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. robur L. Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 574 125 901 1114 104 178 1429 2328
Aritmeticky priemer v mg.kg™ 100,0 82,3 90,8 53,2 15,8 35,6 48,3 64,8
Arithmetic mean in mg.kg™" ! ’ ! ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 83,8 51,9 74,7 43,8 25,9 23,9 42,8 60,9
Variacny koeficient

Variation coefficient 84 63 82 82 164 67 89 94
Minimaina hodnota 0,070 8,420 0,070 0,020 0,980 4,220 0,020 0,020
Minimum value ! ! ! ! ! ’ ’ !
Maximalna hodnota 603,0 380,0 603,0 452,0 228,0 202,0 452,0 603,0
Maximum value ’ ! ! ! ! ! ! ’

Median 81,2 75,8 73,5 41,0 8,8 29,9 36,8 47,0
Medlan ] ] ) 1l ] i) ] )
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BERYLIUM

Berylium je kov, ktory patri medzi prvky alkalickych zemin. V prirode sa
nachadza v oxida¢nom stave +2 v niekol'kych mineraloch (beryl, euklas,
gadolynit a chrysoberyl), ktoré u nas nie su priliS rozsSirené. Pre baktérie,
riasy, huby, vysSie rastliny a ZivoCichy je neesencidlne. Je vSak enormne
toxické a ma vel'ky vyznam pre environmentalne analyzy. Najva¢Smi toxic-
ka forma je BeOH". Pre rastliny je toxicka davka 0,5mg.1"t. BOwEN (1979
a HOFELE a kol. (1995) udavaju obsah v pode 0,3 mg.kg™* a pre rastliny
0,0006— 0,04ng.kg * (MARKERT, 1993. Celkovy obsah berylia vo svetovej
rastlinnej biomase odhaduje MARKERT (1992 na 1,841.1CGt. Akumuluje
sa vo Vaccinium myrtillus a Vicia sylvatica a v Tudskych kostiach. Berylium
a jeho zluceniny sa pokladaju za alergény. Pre niektoré zivoc¢iSne druhy sa
dokazala ich karcinogénnost. ZvySené obsahy berylia sa viazu na priemy-
selné oblasti.

Aritmeticky priemer celkového obsahu berylia v asimilaénych organoch
vsetkych drevin v atlasovom materidle je 0,02+0,07 mg.kg? (median
0,008mg.kg ™, tab. 22). Priemerny obsah berylia v asimilaénych organoch
jednotlivych drevin v mg.kg™? je takyto: F. sylvatica 0,03+0,06(median
0,02, 0. species 0,03+0,03(median 0,02), P. abies 0,01 +0,04(median
0,04, P. sylvestris 0,01 +0,02(median 0,01) a 4. alba 0,01+0,01(median
0,01). V prieduchoch analyzovanych asimilaénych organov lesnych drevin
exogénne berylium nebolo pritomné.

Na mape vSetkych drevin su pripady, ked obsahy tohto prvku prevysSuju
0,4 mg.kg? vyznaené na strednom a vychodnom Slovensku. Najvyssi
obsah celkového berylia v asimilacnych organoch F. sylvatica sme nasli na
strednom Spisi, pri Q. species v Ziarskej kotline a pri P. abies vo vojenskom
priestore Lest.

BERYLIUM

Berylium is a metal assigned among alkali earths. In nature it occurs in
valence +2 in several minerals, such as beryl, euclas, gadolynite and chry-
soberyl all of which are scarce in Slovakia. It is not essential to bacteria,
algae, fungi, higher plants and animals. Be is enormously toxic and there-
fore is extremely important in environmental analyses. The most toxic form
is BeOH*. A content of 0.5 mg/1 is toxic to plants. BOWEN (1979 puts Be
content in soil at 0.3 mg.kg?, and in plants from 0.0006to 0.04 mg.kg™*
(MARKERT, 1993. Total berylium content in world plant biomass has been
estimated by MARKERT (1992) at 1.841.1C t. Berylium is accumulated in
Vaccinium myrtillus and Vicia sylvatica and in human bones. Metallic Be
and its compounts are regarded as allergenes. It has been proved that bery-
lium is carcinogenic to some animal species. Increased berylium contents
are associated with industrial areas.

Arithmetic mean of total berylium contents in foliage of all forest tree spe-
cies dealt with in the Atlas is 0.02+0.07mg.kg* (median 0.008 mg.kg™,
Tab. 22). Average berylium contents in foliage of individual tree species
amount to (in mg.kg*) 0.03+0.06(median 0.02) in F. sylvatica, 0.03+0.03
(median 0.02) in Q. species, 0.01+0.04 (median 0.04) in P. abies,
0.01+0.02(median 0.01) in P. sylvestris and 0.01+0.01(median 0.01) in
A. alba. Exogenic berylium has not been detected in stomata of analysed
foliage of forest tree species.

The map of all forest tree species in the Atlas suggests that berylium con-
tents above 0.4 mg.kg* occur in central and eastern Slovakia. The highest
total berylium content in leaves of F. sylvatica has been noted by us in cen-
tral Spis region, in those of Q. species in the Ziar Basin and P. abies in the
military area Lest.

DISTRIBUCIA BERYLIA V LESNYCH DREVINACH DISTRIBUTION OF BERYLIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 126 538 867 96 171 1276 2141
Aritmeticky priemer v mg.kg™ 0,027 0,029 0,043 0,010 0,012 0,012 0,011 0,024
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 0,034 0,064 0,092 0,035 0,017 0,013 0,032 0,066
Variacny koeficient

Variation coefficient 123 224 215 147 102 297 276

Minimaina hodnota 0,0004 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001
Minimum value ’ ’ ! ’ ! ! ! !
Maximalna hodnota 0,319 0,980 1,090 0,510 0,099 0,099 0,510 1,090
Maximum value ’ ’ ’ ’ ! ! ’ !

Median

Median 0,018 0,017 0,018 0,042 0,006 0,009 0,048 0,008
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VAPNIK

Vapnik patri medzi kovy alkalickych zemin. Nachadza sa v prirode v oxi-
dac¢nom stave +2. Je vel'mi reaktivny, preto sa v prirode vyskytuje vzdy via-
zany. UhliCitan vapenaty a horeCnaty tvoria v podobe vapenca, kriedy
a dolomitu celé pohoria. Dal§imi formami vyskytu vapnika su: sadrovec,
kazivec, vel'ké mnozZstvo silikatov, karbonatov a fosforeCnanov. Vapnik je
piaty najrozsirenejsi prvok na Zemi. Celkovy obsah vapnika vo svetovej
rastlinnej biomase odhaduje MARKERT (1992) na 1,841.10°t.

Vapnik je esencialny prvok pre baktérie, riasy, vysSie rastliny a Zivo¢ichy
(s vynimkou hub). Organizmom je relativne neSkodny. O tom, ¢i je Ca?*
a CaOH * toxicky pre ¢loveka sa zatial eSte diskutuje. Vapnik je Struktural-
na stavebna latka bunkovych stien a sucast kosti aj zubov (hydroxylapatit
a karbonatoapatit), vajcové Skrupiny, lastury a koraly su z uhli¢itanu vape-
natého. Tento prvok ma fyziologicku regula¢nu a elektrochemicku funkciu,
pOsobi ako spojovatel v nervovej a svalovej odozve, je aktivatorom enzy-
mov a spusta chemotropicku reakciu pelu. Akumuluje sa v niektorych Cer-
venych riasach, v schrankach bezstavovcov a v kostiach. Jeho nedostatok
v rastlinach sposobuje naruSenie rastu (prili§ malé bunky), uschynanie
vrcholov listov, celkova deformaciu listov a obmedzenie rastu korenov.
Variabilita vapnika v asimilaénych orgdnoch lesnych drevin zavisi od pody.
BowEeN (1979 uvadza obsah Ca v pode 15000mg.kgt. Obsah vapnika
v zasade koreluje s hladinou hor¢ika. CLUSENER (1990) zistil v lesnych dre-
vinach obsah 11400+ 10000ng.kg . BERGMANN (1986) uvadza pre opti-
malny rast smreka endogénny obsah 3500— 8000mg.kgt. BUBLINEC
(1990 odporuca pre smrek limitné hodnoty 2500— 7 000ng Ca.kg™, pre
buk a dub 5000—1500Gng Ca.kg™. V rastlinach nie je vapnik taky pohyb-
livy ako hor¢ik, a preto sa akumuluje v starSich rastlinnych tkanivach.
BoOwEN (1979 uvadza pre rastliny hodnoty 3000—14 000ng.kg 1. INNES
(1995 zistil v dvojro¢nom ihli¢i P. abies hodnoty 2200— 8600mg.kg™*
a v P. sylvestris 1 700—5000ng.kg .

Aritmeticky priemer celkového obsahu vapnika v asimilacnych organoch
vsetkych drevin spracovanych v atlase je 11020+8090mg.kg! (median
9260mg.kg, tab. 23). Priemerny obsah vapnika v asimilacnych organoch
jednotlivych drevin v mg.kg ! je takyto: F. sylvatica 13534 +7 829 median
12334, Q. species 12136+5182(median 11498, P. abies 8078+5815
(median 6718, P. sylvestris 5950+2498 (median 5433 a A. alba
12774+6424(median 12188. Exogénny vapnik bol pritomny v 93,4%
prieduchov analyzovanych asimilaénych orgdnov lesnych drevin.

Z mapy vSetkych drevin je zrejmé, Ze obsah vapnika na juznom Slovensku
prekrocil hodnotu 35000mg.kg *. Najvyssi obsah celkového vapnika v asi-
milaénych organoch F. sylvatica sa zistil v Nizkych Tatrach-juh, v beskyd-
skych horskych lesoch na Kysuciach a na Hornej Nitre. Najvyssi obsah cel-
kového vapnika v asimilaénych organoch P. abies sa vyskytuje vo vojen-
skom priestore Lest, v Ziarskej kotline a na Hornej Nitre, pri A. alba
v Ziarskej kotline.

CALCIUM

Calcium is an alkali-earth metal. It naturally occurs in valence +2. Owing
to its high reactivity, calcium in nature is always bound in compounds.
Calcium and magnesium carbonates, i.e. limestone, chalk and dolomite,
make up whole mountain ranges. Calcium is also present in gypsum, fluori-
te and in a multitude of silicates, carbonates and phosphates. Calcium is
the fifth most abundant element on earth. Total calcium content in world
plant biomass has been estimated by MARKERT (1992) at 1.841.10°+t.
Calcium is an essential element for bacteria, algae, higher plants and ani-
mals, but not for fungi. It is fairly harmless to all organisms. Ca?* and
CaOH* toxicity to humans is being discussed. Calcium is a structural ma-
terial of cell walls, and a constituent in bones and teeth (hydroxylapatite
and carbonatoapatite). Egg shells, tests and corals are composed of cal-
cium carbonate. Calcium has physiologic regulatory and electro-chemical
functions, ensures connection in neural and muscular response, activates
enzymes and starts chemotrophic reaction of pollen. It accumulates in
some red algae, invertebrate shells and in bones. Its deficiency in plants
results in slower growth (small cells), withering of leaf tips, leaf deforma-
tions and slower growth of roots.

Calcium contents in assimilation organs of forest tree species are control-
led by the soil. BOWEN (1979 puts Ca content in soil at 15000mg.kg .
The concentrations of calcium basically correlate with those of magnesi-
um. CLUSENER (1990) has determined 11400+ 1000Gng.kg* Ca in forest
tree species. BERGMAN (1986) notes that the optimum growth of larch re-
quires an endogenic content between 3500and 8 000 mg.kg 1. BUBLINEC
(1990 has proposed limit values 2500— 7 000mg.kg* Ca for larch, and
5000-15 00Gng.kg* Ca for beech and oak. In plants, Ca is not so mobi-
le as Mg and therefore is piled up in older plant tissues. BOWEN (1979
gives Ca contents in vegetation 3000—14000ng.kg . INNES (1995 has
determined 2200— 8600mg.kg™* Ca in two-year-old needles of P. abies
and 1700— 5000ng.kg* in those of P. sylvestris.

Arithmetic mean of total calcium contents in foliage of all tree species
discussed in the Atlas amounts to 11020+8090mg.kg! (median
9260mg.kgt, Tab. 23). Mean calcium contents in leaves of individual tree
species are as follows (in mgkg™?): F. sylvatica 13534+7 829(median
12334, Q. species 12136 +5182Amedian 11498, P. abies 8078+5815
(median 6718, P. sylvestris 5950+2498(median 5433 and A. alba
12774+6424median 12 188. Exogenic calcium was present in 93.4% of
stomata of analysed foliage of forest tree species. The map of all tree spe-
cies in the Atlas indicates that calcium contents in southern Slovakia ex-
ceed 35000mg.kg*. The highest total calcium contents in leaves of F. sy/-
vatica have been noted in southern Nizke Tatry, mountain forests in
Kysuce-Beskydy and in the Upper Nitra Basin. The highest total calcium
contents in needles of P. abies in an Atlas map occur in the military area
Lest, Ziar and Upper Nitra basins, and those of A. alba in the Ziar basin.

DISTRIBUCIA VAPNIKA V LESNYCH DREVINACH TAB. 23 DISTRIBUTION OF CALCIUM IN FOREST TREE SPECIES

Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu

Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees

Pocet hodnét

Number of values 574 126 903 105 178 1430 2331

Aritmeticky priemer v mg.kg ™'

Arithmetic mean in mg.kg" 13534,0 12136,0 14880,0 8078,0 5950,0 12774,0 8586,0 11021,0

Smerodajna odchylka 7829,0 5182,0 9052,0 5815,0 2498,0 6424,0 6291,0 8086,0

Standard deviation ' ’ ’ ! ’ ! ! ’

Variacny koeficient

Variation coefficient 58 43 61 42 50 73 73

Minimaina hodnota 1213,0 2681,0 12140 1099,0 1302,0 1974,0 931,0 931,0

Minimum value ’ ’ ’ ! ’ ! ! ’

ma"!ma'”a hodnota 140012,0 29733,0 140012,0 90240,0 15856,0 69331,0 90240,0 140012,0
aximum value

Median

Median 12334,0 11496,0 12811,0 6718,0 5433,0 12189,0 7089,0 9260,0
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KADMIUM

Kadmium patri medzi tazké kovy. Casto sprevadza zinok v jeho rudach,
ktoré obsahuju sirnik kademnaty. V prirode sa kadmium nachadza v oxi-
daénom stupni +2. Jeho zvySené mnozstvo v rastlinach je dolezité z envi-
ronmentalneho hladiska. Pre baktérie, riasy, huby a vysSie rastliny je ne-
esencialne, o jeho esencialite pre Zivo¢ichy sa v sucasnosti diskutuje (napr.
pre krysy). Pre vicsinu organizmov je silne toxické, najmi ako Cd?*
a CdOH*s priemernou toxicitou pre rastliny 0,2— 9mg.l"*. Akumuluje sa
v Agaricus a dalSich hubach, v peceni a oblickach Zivo¢ichov a Iudi.
V Japonsku sa vyskytuje tzv. choroba itai-itai (obsah kadmia v rie¢nej vode
z bani na striebro, pouzivanej na zavlazovanie ryzovych poli, spdsobil zvy-
Senie obsahu kadmia v ryzi a v doésledku toho sa vyskytli u konzumentov
deformacie kosti a spontanne zlomeniny kosti). Kadmium sa uvolnuje
z kovospracujucich zavodov, zo spalovni, cigaretového dymu, mineralnych
hnojiv a do okolia ciest z automobilov na dieselovy pohon.

Prijem kadmia mozZe byt pasivny aj metabolicky. V rastlinach je velmi mo-
bilné. V pode sa vyskytuje vo forme Cd*?a tvori zlozité komplexy a orga-
nické chelaty. BOwEN (1979 udava 0,35mg Cd.kg* v pode, kde ho absor-
buje il a organické latky. Jeho prijem podporuju hodnoty pH pod 6
a obmedzuju hodnoty nad 7. Zinok, med a selén redukuju jeho prijem aj
toxicitu. Je I'ahko transportovateIné do réoznych rastlinnych Casti, najvyssie
koncentracie sa nasli v korenioch a v Castiach listov.

Celkovy obsah kadmia vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 9,2.10" t. Za normalnu hodnotu pre kadmium je mozné pova-
7ovat obsah do 0,5mg.kg ! (MANKOVSKA, 1980. BUBLINEC (1990) uvadza
ako pripustné mnozstva pre dreviny obsah 0,3— 0,8, BowEN (1979 hod-
noty 0,1—-2,4mg.kg™. Zvyseny obsah Cd sa vyskytuje v priemyselnych
oblastiach (5—150mg.kg ) a na okoli vozoviek (do 20 mg.kg* — HUTTON
et al., 1988,EDELBAUER, 1982,VOGEL et al., 1988, 1991 KELLER, 1989,
POLLE et al., 1992,MaNKOVSKA, 1980.

Aritmeticky priemer celkového obsahu kadmia v asimilaénych organoch
vSetkych drevin spracovanych v atlase je 0,20+0,20mg.kg! (median
0,15mg.kg™?, tab. 24). Priemerny obsah kadmia v asimilaénych organoch
jednotlivych drevin v mg.kg™? je takyto: F. sylvatica 0,19+0,13(median
0,17), Q. species 0,12+0,11(median 0,10), P. abies 0,19+0,16(median
0,15), P. sylvestris 0,22+0,21(median 0,16) a A. alba 0,26 +0,17(median
0,23). Exogénne kadmium nebolo pritomné v prieduchoch analyzovanych
asimilacnych organov lesnych drevin.

Z mapy vSetkych drevin je zvySeny obsah kadmia zjavny na severnom
a vychodnom Slovensku, maximum na juZznom Slovensku. Najvyssi obsah
celkového kadmia v asimilaénych organoch F. sylvatica je v priemyselnej
aglomeracii KoSice, v beskydskych horskych lesoch Kysuc, v Nizkych
Tatrach-juh a na strednom SpiSi. Najvyssi obsah celkového kadmia v asi-
milacnych organoch P. abies je v beskydskych horskych lesoch Kystc,
v oblasti magnezitového priemyslu Lubenik a JelSava a vo Vysokych
Tatrach. Najvyssie obsahy kadmia v asimila¢nych organoch A4. alba a P. syl-
vestris boli zistené v Ziarskej kotline a na strednom Spisi.

CADMIUM

Cadmium is a heavy metal. It is frequently associated with zinc ores which
contain cadmium sulphide. Cadmium occurs in valence +2. Its increased
contents in vegetation are important from an environmental point of view.
Cadmium is not essential for bacteria, algae, fungi and higher plants; its
importance for animals (rats) is currently being discussed. It is highly toxic
to most organisms, particularly in the form of Cd?* and CdOH*, its ave-
rage toxicity to plants being 0.2— 9mg/l. It accumulates in Agaricus and
other fungi as well as in human kidneys and liver. In Japan, it caused
Itai-Itai disease (Cd from silver mines was released to river waters which
were used to irrigate rice fields, increased Cd concentrations in rise caused
deformations and spontanneous fracturing of human bones). Cd is re-
leased from smelters, towns, incineration plants, cigarette smoke, mineral
fertilizers and waste, and from diesel engines.

Cadmiun can be taken up either passively or metabolically. It is very mobi-
le in plants. In soil it occurs in the form of Cd *2 which is bound in compli-
cated complexes and organic chelates. Cd content in soil, where it is
readily absorbed by clay and organic matter, has been estimated by BOWEN
(1979 at 0.35mg.kg ™. Its uptake is supported by pH values below 6 and
reduced by values above 7. Zinc, copper and selenium reduce cadmium
uptake and toxicity. It is easily transported to various parts of plant bodies,
the highest concentrations being in roots and in some parts of leaves.
Total cadmium content in world plant biomass has been estimated by
MARKERT (1992 at 9.2.10't. A limit value for cadmium may be set at
0.5 mg.kg ' (MANKOVSKA, 1986). BUBLINEC (1990) states that permissible
Cd concentrations in forest tree species are 0.3— 0.8 mg.kg™t, whereas
BoweN (1979 puts then at 0.1—2.4 mg.kg™. Increased Cd contents
occur in industrial areas (5 to 150 mg.kg?) and near highways (up to
20 mg.kgt — HUTTON et al., 1988;EDELBAUER, 1982;VOGEL et al., 1988,
1991;KELLER, 1989;PoOLLE et al., 1992;MANKOVSKA, 1980).

Arithmetic mean of total cadmium contents in foliage of all forest tree spe-
cies mentioned in the Atlas amounts to 0.20%+0.20mg.kg? (median
0.15mg.kg?, Tab. 24). Average cadmium contents in foliage of individual
tree species are as follows (in mg.kg™): F. sylvatica 0.19+0.13(median
0.17), Q. species 0.12+0.11(median 0.10), P. abies 3 0.19+0.16median
0.15), P. sylvestris 0.22£0.21(median 0.16) a A. alba 0.26 £0.17(median
0.23). Exogenic cadmium was not present in stomata of analysed foliage of
forest tree species.

The map of all tree species in the Atlas reveals increased cadmium contents
in northern and eastern, but mainly southern Slovakia. The highest total
cadmium contents in leaves of F. sylvatica ocuur near KoSice, mountain
forests in Kysuce and Beskydy, southern Nizke Tatry and in central Spis.
The highest total cadmium contents in needles of P. abies on the Atlas map
are in mountain forests in Kysuce and Beskydy, near magnesite plants at
Lubenik and JelSava and in the Vysoké Tatry. The highest cadmium conte-
nts in needles of A. alba and P. sylvestris have been noted in the Ziar Basin
and central SpiS.

DISTRIBUCIA KADMIA V LESNYCH DREVINACH DISTRIBUTION OF CADMIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 537 125 863 966 95 170 1264 2125
Aritmeticky priemer v mg.kg™ 0,190 0,123 0,178 0,192 0,218 0,256 0,209 0,196
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 0,131 0,113 0,215 0,158 0,214 0,171 0,188 0,199
Variacny koeficient

Variation coefficient 69 92 121 82 98 67 90 102

Minimaina hodnota 0,001 0,010 0,001 0,001 0,001 0,010 0,001 0,001
Minimum value ’ ’ ! ! ! ! ! !
Maximalna hodnota 0,883 0,980 3,901 1,380 1,601 0,967 2,000 3,900
Maximum value ’ ’ ! ! ! ’ ! !

Median 0,173 0,098 0,141 0,153 0,162 0,230 0,165 0,153
Medlan 1 L] y ] y 1l ) y
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KOBALT

Kobalt je kov, ktory sa v prirode nachadza v oxidacnom stave (+1), +2, +3
a +4. Vyskytuje sa vzdy spolo¢ne s niklom, a to najma v zluceninach s arzé-
nom. Esencialny je iba pre rézne druhy baktérii, rias a vysSie rastliny, napr.
pre Fabaceae za symbiotickych podmienok. Mierna translokacia z korenov
do dalSich rastlinnych Casti ide cez transpiracny tok v xyléme. V rastlin-
nych zasobnych organoch alebo semenach sa akumuluje v ovela mensSich
koncentracidch nez vo vegetativnych Castiach. V xylémovom exudate je
tento kov pritomny ako kation a v lykovom exudate ako negativne nabity
komplex (STREIT, 1991). Je akumulovany v Clethra barbinervis, Crotalaria
cabaticola a Nyssa sylvatica. Ci je kobalt esencialny pre vysSie rastliny zosta-
va nevyjasnené, nepochybne je vSak nevyhnutny pre N,-fixaciu baktérii
Rhyzobium, Zijucich v symbioze s Leguminosae. Pridavok malého mnoZstva
kobaltu ¢asto zvySuje urodu (MARKERT, 1993.

Pre Zivocichy je kobalt potrebny na tvorbu vitaminu B,,. Nie je esencialny
pre huby. Toxicky je v koncentracii 0,1 —3mg.1* pre rastliny vo forme Co?*
a CoCO,. Priemerna denna toxicita pre ¢loveka predstavuje 500 mg.l .
Nedostatok tohto prvku sposobuje anémiu, deficit vitaminu B;, a naru-
Senie syntézy nukleovych kyselin.

BowEN (1979 uvadza hraniéné hodnoty pre podu 8 mg.kg? a pre rastliny
0,005-1,0mg.kg*. Celkovy obsah kobaltu vo svetovej rastlinnej biomase odha-
duje MARKERT (1992 na 3,682.10t. JAYSEKERA (1993 zistil v listi drevin ob-
sahy 0,05—1,86mg.kg . MARKERT (1993 udava pre P. sylvestris 0,124mg.kg ™.
Aritmeticky priemer celkového obsahu kobaltu v asimilaénych organoch
vsetkych drevin spracovanych v atlase je 0,17+0,24mg.kg (median
0,11 mg.kg %, tab. 25). Priemerny obsah kobaltu v asimilaénych organoch
jednotlivych drevin v mg.kg™? je takyto: F. sylvatica 0,12+0,17(median
0,08), 0. species 0,17 +0,16(median 0,12), P. abies 0,68+0,96(median
0,46), P. sylvestris 0,22 +0,37(median 0,13) a A. alba 0,24+0,19median
0,20). Exogénny kobalt nebol pritomny v prieduchoch analyzovanych asi-
mila¢nych organov lesnych drevin.

Na mape vSetkych drevin su obsahy kobaltu vyssie ako 0,2 mg.kg™ pri-
tomné na juhovychodnom Slovensku. Obsahy celkového kobaltu vyssie ako
0,2 mg.kg* v asimilaénych organoch F. sylvatica sme zistili na juznej stra-
ne Nizkych Tatier a na strednom SpiSi; pri P. abies v oblasti magnezitové-
ho priemyslu v Lubeniku a JelSave a na strednom SpiSi; pri P. sylvestris
a A. alba na strednom SpiSi.

COBALT

Cobalt is a metal which naturally occurs in valences (+1), +2, +3and
+4. In nature it is always associated with nickel, usually in compounds
with arsenic. Cobalt is essential only for some kinds of bacteria, algae
and higher plants, such as Fabaceae under symbiotic conditions. Co
moves in limited amounts from plant roots to higher parts through
transpiration flow in xylem. Much more cobalt is accumulated in vege-
tative parts of plants than in seeds and storage organs. In xylem exuda-
te this metal occurs as a kation, while in bast exudate it forms negative-
ly-charged complexes (STREIT and StumM, 1993. It accumulates in
Clethra barbinervis, Crotalaria cabaticola and Nyssa sylvatica. It remains
unclear whether cobalt is essential to higher plants, but it surely is nee-
ded in N, fixation of bacteria Rhyzobium living in symbiosis with
Leguminosae. Addition of a small amount of Co often increases crop
(MARKERT, 1993).

Animals need it to form vitamin B,,. It is not essential to fungi.
Concentrations of 0.1 —3mg/l in the form of Co?* and CoCOyj are toxic
to plants. Average daily toxicity to humans is 500mg. Its deficiency cau-
ses anaemia, lack of vitamin B;, and disturbs synthesis of nucleus acids.
BowEN (1979 gives limit values in soil 8 mg.kg™* and in plants above
0.005mg.kg 1. Total cobalt content in world plant biomass has been put
by MARKERT (1992) at 3.682.1C t. JAYSEKERA (1993) has determined
in forest species foliage 0.05—1.86mg.kg *. MARKERT (19993 gives the
value for P. sylvestris 0.124mg.kg L.

Arithmetic mean of total cobal contents in foliage of all tree species dealt
with in the Atlas is 0.17 £0.24mg.kg* (median 0.11 mg.kg?, Tab. 25).
Average cobalt contents in foliage of individual tree species are as follows
(in mg.kg): F. sylvatica 0.12+0.17(median 0.08), Q. species 0.17+0.16
(median 0.12), P. abies 0.68 £0.96(median 0.46), P. sylvestris 0.22+0.37
(median 0.13) a 4. alba 0.24£0.19(median 0.20). Exogenic cobalt was
lacking in all stomata of analysed foliage of forest tree species.

The Atlas’s map of all tree species shows that cobalt contents above
0.2 mg.kg* occur in southeastern Slovakia. Total cobalt contents in
excess of 0.2 mg.kg* have been noted in leaves of F. sylvatica on the
southern slopes of the Nizke Tatry and in central SpiS§, in those of P.
abies near magnesite plants at Lubenik and JelSava and in central Spis;
and P. sylvestris and A. alba in central SpiSs.

DISTRIBUCIA KOBALTU V LESNYCH DREVINACH TAB. 25 DISTRIBUTION OF COBALT IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 539 126 868 985 96 171 1285 2151
Aritmeticky priemer v mg.kg™ 0,119 0,173 0,165 0,158 0,223 0,243 0,181 0,175
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 0,174 0,157 0,247 0,162 0,371 0,194 0,233 0,239
Variacny koeficient

Variation coefficient 147 91 149 102 166 80 128 137

Minimaina hodnota 0,0006 0,0010 0,0006 0,0005 0,0010 0,0010 0,0005 0,0005
Minimum value

Maximalna hodnota 2,880 0,941 3,910 1,300 3,270 1,200 3,640 3,910
Maximum value ’ ’ ! ! ! ! ! !

Median 0,080 0,123 0,100 0,110 0,133 0,199 0,126 0,114
Medlan i) i) ] ) y y ’ ]
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CHROM

Chrom je kov, ktory sa v prirode nachadza v oxidaCnom stave +2, +3a +6.
Jeho najdolezitejsou rudou je chromit. Cr3*sa vyskytuje aj v nerastoch hlini-
ka, mo6zZe nahradzovat Zelezo, titan a hor¢ik v mineralnych mriezkach a moze
sa zaroven s tymito prvkami vyskytovat v silikatoch aj v podobe oxidov.

Pre bakterie, riasy, huby a vysSie rastliny nie je chrom esencialny. Pre vys-
Sie rastliny je toxicky vo forme Cr(OH);a Cr? v koncentracii 1 mg Cr®*
na liter. Akumuluje sa v Leptospermum scoparium a Pimelia suteria. Prijem
ako CrO? sa vyskytuje Castejsie, je vSak redukovany na Cr3* vo vietkych
podach. Touto redukciou je zvyCajné zrazanie sa v pdde, mobilny je chrom
iba vo vel'mi kyslom prostredi. Jeho trojvalentnti formu absorbuju korene
rastlin iba v malej miere. Translokacia chromu z korenov do dalSich rast-
linnych Casti je mala. Pre zZivoCichy je tento prvok esencialny, u ¢loveka
zosilnuje pésobenie inzulinu a posobi na glukézovu toleranciu. Jeho nedos-
tatok sposobuje diabetes a zvysSenie séra lipidov. Cr®* je tisicnasobne toxic-
kejsi ako Cr3* (zasadne iba Cr®* je totiz schopny prechadzat cez membra-
ny buniek). V bunkach Cr3* sa prednostne uklada do stien, Cr®" do bun-
kovych Sstiav, zatial ¢o ich koncentracia v mitochondriach a bunkovych
nuklidoch je nizka.

BowEN (1979 udava pre chrom v pode hodnotu 70 mg.kg* a v rastlinach
hodnoty 0,03—10mg.kg . Celkovy obsah chréomu vo svetovej rastlinnej
biomase odhaduje MARKERT (1992) na 2,762 .10t. JAYSEKERA (1999 zis-
til v lesnych drevinach 0,44—1,37mg.kgt. MARKERT (1993 udava pre
P. sylvestris ako normalnu hodnotu obsah do 1,72mg.kg™.

Aritmeticky priemer celkového obsahu chrému v asimilaénych organoch
vsetkych drevin spracovanych v tomto atlase je 0,8+1,8mg.kg! (median
0,5 mg.kg™?, tab. 26). Priemerny obsah chromu v asimilacnych organoch
jednotlivych drevin v mg.kg* je takyto: F. sylvatica 1,1 +2,9(median 0,6),
Q. species 0,8+1,1(median 0,5), P. abies 0,7 +£1,0(median 0,5), P. sylves-
tris 0,6+0,4 (median 0,5) a A. alba 0,6+0,8 (median 0,5). Exogénny
chrom bol pritomny na 1,6% povrchu analyzovanych asimilacnych organov
lesnych drevin.

Obsah chromu vyssi ako 2 mg.kg* je na mape vSetkych drevin zachyteny
v oblasti stredného a vychodného Slovenska a viaze sa na priemyselné
oblasti. Najvyssi obsah celkového chromu v asimila¢nych organoch F. syl-
vatica sa zistil v Nizkych Tatrach-juh a v Ziarskej kotline, pri Q. robur na
hornej Nitre.

CHROMIUM

Chromium is a metal, which in nature occurs in valences +2, +3and +6.
Its most important ore is chromite. Moreover, Cr3* is present in alumini-
um minerals, and may also replace iron, titanium and magnesium in the lat-
tices of minerals and therefore is associated with these elements in silicates
and oxides.

Chromium is not essential to bacteria, algae, fungi and higher plants. In the
form of Cr(OH),, Cr2 and in concentrations above 1 mg/1 also Cr®, this
element is toxic to higher plants. It is amassed by Leptospermum scoparium
and Pimelia suteria. Chromium is mostly taken up as CrOZ" In all soils it is
reduced to Cr®* in the common process of precipitation and consequently
is mobile only in an extremely acid environment. Trivalent chromium is
absorbed by plant roots only to a limited extent. Its translocation from
roots to the other parts of plant bodies is limited, too. The element is essen-
tial to animals. In human body it strengthens the power of insulin and pro-
motes glucose tolerance. Its deficiency causes diabetes and growth in lipi-
de serum. Cr®*is 1 000times as toxic as Cr>* (basically, only the former is
capable of passing through cell membranes). Cr3* is bound mostly in cell
walls, whereas Cr® ends up in cell liquids, its concentration in mito-
chondria and cell nuclides being low.

BOWEN (1979 puts chromium contents in soil at 70 mg.kg*and in vege-
tation from 0.03to 10 mg.kg*. Total chromium content in world plant bio-
mass is 2.762.10 t (MARKERT, 1992). JAYSEKERA (1993 has determined
Cr concentrations in forest tree species between 0.44 and 1.37 mg.kg™.
MARKERT (1993) gives a limit value for P. sylvestris 1.72mg.kg™* Cr.
Arithmetic mean of total chromium contents in foliage of all tree species
mentioned in the Atlas is 0.8 +1.8mg.kg* (median 0.5mg.kg?, Tab. 26).
Average chromium contents in foliage of individual forest tree species are
(in mg.kg™): F. sylvatica 1.1+2.9(median 0.6), Q. species 0.8+1.1(me-
dian 0.5), P. abies 0.7 £1.0(median 0.5), P. sylvestris 0.6 £ 0.4(median 0.5)
and A. alba 0.6 +£0.8(median 0.5). Exogenic chromium has been present
on 1.6% of the surface of analysed foliage of forest tree species.

The map of all tree species in the Atlas shows that chromium contents
exceed 2 mg.kg?tin industrial areas of central and eastern Slovakia. The
highest total chromium contents in leaves of F. sylvatica have been deter-
mined in the southern Nizke Tatry and Ziar Basin, and in those of Q. robur
in the Upper Nitra Basin.

DISTRIBUCIA CHROMU V LESNYCH DREVINACH TAB. 26 DISTRIBUTION OF CHROMIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 536 126 865 974 96 170 1273 2136
Aritmeticky priemer v mg.kg™ 1,056 0,823 0,995 0,677 0,591 0,614 0,659 0,795
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 2,895 1,114 2,546 0,959 0,373 0,762 0,891 1,767
Variacny koeficient 274 135 256 142 63 124 135 222

Variation coefficient

Minimaina hodnota 0,051 0,005 0,005 0,002 0,028 0,054 0,002 0,002
Minimum value ’ ’ ! ! ! ! ’ ’
Maximalna hodnota

Maximum value 47,12 7,46 47,12 20,88 2,37 8,03 20,88 47,12
Median

Median 0,597 0,462 0,568 0,463 0,519 0,474 0,471 0,512
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MED

Med je kov, ktory sa v prirode nachadza v oxidacnom stave O, +1, +2
a (+3). Vyskytuje sa v podobe svojich zlu¢enin na mnohych miestach a vo
vel'kych mnozstvach. V redukénych podmienkach vytvara dolezity mineral
chalkopyrit (CuFeS,). Med je pre baktérie, riasy, huby, vySSie rastliny
a ZivoCichy esencialny prvok. V nadbytku je pre rastliny toxicka, najmi vo
forme CuOH*a CuCO,, v koncentracii 0,5— 8mg.l1. V pode sa zvicsa
viaZe na organické chelaty. Jej rozpustnost zavisi na pH. Zistila sa aj mier-
na pohyblivost z koreniov do ostatnych rastlinnych cCasti.

Celkovy obsah medi vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 1,841.10 t. BoweN (1979 a MARKERT (1992 uvadzaju
1—80mg Cu.kg! v pode a v rastlinaich 5—15.Akumuluje sa v Aeolanthus
biformifolus, Becium homblei, Cryptosepalum maraviense, Elsholtzia haicho-
wensis, Gypsophila patrinii, Lychnis alpina, Polycarpaea spirostylis, Silene
dioica, Silene vulgaris, Triumfetta welwitschi, Uapaca ssp. a Veronica glaber-
rima. Ovplyviuje fotosyntézu, N-metabolizmus a oxida¢ny systém, plni ka-
talyticka funkciu vo vac¢sine redox-reakcii. Pri nedostato¢nom prijme tohto
prvku sa prejavuje napr. Seda Skvrnitost obilia, zaschynanie vyhonkov,
skrutené listy, Skvrnita chloréza mladych listov, pri Zivo¢ichoch blokovanie
oxidacie (respiracie), anémia, zmeny v tvorbe kosti a pod.

BERGMAN (1986) uvadza ako optimum pre med hodnoty medzi 9 a 10 mg
Cu.kg™’; BUBLINEC (1990 pre ihlicnany 2—12 a pre listnaté druhy
6—14 mg.kg . KAUPENJOHAN et al. (1986) udava hodnotu pre smrek
2,5-3 mg.kg'; JocHHEIM (1993 poklada obsah medi mensi ako
5 mg.kg? ako hrani¢ny a hodnoty nad 100 mg.kg™* ako extrémne imisné
zatazenie. INNES (1995 zistil v dvojrocnom ihli¢i P. abies hodnoty
2,8—27,5mg.kg™* av P. sylvestris 3—11,5mg.kg L.

Aritmeticky priemer celkového obsahu medi v asimilaénych orga-
noch vsetkych drevin spracovanych v atlase je 7,3+7,0mg.kg* (median
5,9mg.kg™, tab. 27). Priemerny obsah medi v asimila¢nych organoch jed-
notlivych drevin v mg.kg™? je takyto: F. sylvatica 10,0£6,1(median 8,8),
0. species 9,3+13,6(median 7,4), P. abies 5,1 £4,8(median 3,8), P. sylves-
tris 8,7 +12,4(median 5,3) a 4. alba 8,2 +7,1(median 5,8). Exogénna med
bola pritomna v 0,4% prieduchov analyzovanych asimila¢nych organov
lesnych drevin.

Na mape vSetkych drevin su obsahy celkovej medi prevySujuce hodnotu
5 mg.kg™? vyznacené asi na dvoch tretindch tzemia Slovenska. Hodnoty
vyssie ako 10 mg.kg™ sme zistili v asimilacnych organoch F. sylvatica na
strednom Spisi a na juzZnej strane Nizkych Tatier, pri P. abies v Zapadnych
Tatrach, najvysSie hodnoty pre Q. species, P. sylvestris i A. alba v oblasti
stredného Spisa.

COPPER

Copper is a metallic element which naturally occurs in valence O, +1, +2
and (+3). Huge amounts of copper compounds are found in many places.
Under reducing conditions it forms its major mineral — chalcopyrite
(CuFeS,). Copper is an essential element for bacteria, algae, fungi, higher
plants and animals. Excessive copper, particularly in the form of CuOH*
and CuCO, in concentrations 0.5— 8 mg/l, is toxic to plants. In soil it
is mostly bound to organic chelates. Its solubility is controlled by pH.
Copper mobility from roots to the other parts of plant bodies is moderate.
MARKERT (1992 has estimated total copper content in world plant
biomass at 1.841.10. BoweN (1979 and MARKERT (1992 give copper
contents 1—80mg.kg™? in soil and 5—15mg.kg™? in vegetation. Copper
accumulates in Aeolanthus biformifolus, Becium homblei, Cryptosepalum
maraviense, Elsholtzia haichowensis, Gypsophila patrinii, Lychnis alpina, Poly-
carpaea spirostylis, Silene dioica, Silene vulgaris, Triumfetta welwitschi, Uapa-
ca ssp., Veronica glaberrima. It influences photosynthesis, N metabolism,
oxidation system and is a catalyst in the majority of redox reactions.
Copper deficiency results in gray spots on corn, withering of shoots, con-
torted leaves, chlorosis of young leaves, limited oxidation (respiration),
anaemia and bone defects.

BERGMAN (1986) maintains that the optimum Cu contents are between
9 and 10mg.kg*; whereas BUBLINEC (1990) puts them at 2—12for conifers
and 6—14 mg.kg? for deciduous trees. KAUPENJOHAN et al. (1986) gives
the optimum value for larch 2.5—3mg.kg*; JocHHEIM (1993 argues that
limit values are below 5 mg.kg* Cu and contents over 100 mg.kg * regards
as an extreme imission fallout. INNES (1995 has determined contents
2.8—27.5mg.kgtin two-year-old needles of P. abies and 3—11.5mg.kg™*
in those of P. sylvestris.

Arithmetic mean of total copper contents in foliage of all tree species dealt
with in the Atlas amounts to 7.3+7.0mg.kg ! (median 5.9mg.kg?, Tab. 27).
Average copper contents in foliage of individual forest tree species are as fol-
lows (in mg.kg™): F. sylvatica 10.0+6.1(median 8.8), Q. species 9.3+13.6
(median 7.4), P. abies 5.1 +4.8(median 3.8), P. sylvestris 8.7 £12.4(median
5.3) and 4. alba 8.2+7.1(median 5.8). Exogenic copper has been detected
in 0.4% of stomata of analysed foliage of forest tree species.

The map of all woody plants (A) in the Atlas reveals that two-thirds of
Slovak territory display copper values above 5 mg.kgt. Copper contents
over 10 mg.kg™* have been noted in leaves of F. sylvatica in central Spi§
and in the southern Nizke Tatry, in those of P. abies in the Zapadné Tatry,
while Q. species, P. sylvestris and A. alba have highest concentrations
in central Spis.

DISTRIBUCIA MEDI V LESNYCH DREVINACH DISTRIBUTION OF COPPER IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodno6t

Number of values 573 126 902 1114 105 178 1430 2330
Aritmeticky priemer v mg.kg™ 10,03 9,30 9,67 5,09 8,67 8,15 5,76 7.27
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 6,15 13,63 7,66 4,81 12,39 7,12 6,10 7,02
Variacny koeficient

Variation coefficient 61 147 79 94 143 87 106 96
Minimalna hodnota

Minimum value 2,59 3,14 2,57 0,30 2,00 2,60 0,30 0,30
Maximalna hodnota

Maximum value 68,2 154,1 154,1 78,1 107,6 68,7 107,6 154,0

Median 8,76 7,46 8,32 3,84 5,33 5,76 4,18 5,91
Medlan ) ] ’ ’ ) 1 i) )
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FLUOR

Fluér je nekov, ktory patri medzi najreaktivnejSie prvky. Je zaporne jedno-
mocny. V prirode sa nachadza v podobe zlucenin, predovSetkym ako kazi-
vec, kryolit a apatit. Prirodzene sa vyskytuje vo fluérokyselinach a nukleoci-
dine. Pre baktérie, riasy, huby a vysSie rastliny nie je esencialny, pre Zivo-
¢ichy je v§ak nevyhnutny. Akumuluje sa v Accacia georginae, Dichapetalum
ssp., Gastrolobium grandiflorum, Porifere Dysidea crawshayi, v kostiach
a v zuboch. V procese rastu cicavcov posilnuje vyvoj chrupu. Zvysenie prij-
mu tohto prvku méze sposobovat fluorozu zubov dobytka a zveri (napr.
v oblasti Ziaru nad Hronom sa vyskytuje fluoréza zubov srncej zveri).
V pripade nedostatocného privodu prvku vznika chloréza alebo zbelenie
mladych listov, anémia, redukcia rastu a hemolyza. Fluér ma Strukturalnu
funkciu v apatite a posobi antibioticky. Je znama jeho korelacia s ochore-
nim srdca. V mnozstve 5 mg.l? je toxicky pre rastliny, najma vo forme
F ~a HF, denna davka 2 g je pre ¢loveka letalna.

BowEeN (1979 uvadza 200 mg.kg™? ako hrani¢ny obsah fluéru v pode
a 0,02—24mg.kg* v rastlinach. Celkovy obsah fluoru vo svetovej rastlinnej
biomase odhaduje MARKERT (1992 na 3,682.10 t. MANKOVSKA (1980)
uvadza pre smrekové ihli¢ie hraniéni hodnotu 8,7 mg.kg' a MARKERT
(1993 pre borovicu 2,0mg.kg ™.

Aritmeticky priemer celkového obsahu fluoru v asimilaénych orga-
noch vSetkych drevin spracovanych v atlase je 6,2+4,8mg.kg* (median
6,1 mg.kgt, tab. 28). Priemerny obsah v asimilacnych organoch jednotli-
vych drevin v mg.kg* je takyto: F. sylvatica 5,8 +2,6(median 5,9), Q. spe-
cies 4,7+2,1 (median 4,9), P. abies 6,3+4,2 (median 6,2), P. sylvestris
7,8+14,9(median 6,3) a 4. alba 8,3+5,1 (median 8,0). V prieduchoch
analyzovanych asimilaénych organov nebol exogénny fluér pritomny.

Na mape vSetkych drevin je zrejmy obsah celkového fluéru vyssi ako
5 mg.kg! na dvoch tretinich uzemia Slovenska. Je zretelne viazany na
okolie priemyselnych zavodov. Koncentracie celkového fluéru vyssie ako
10 mgkg?! sme nasli v asimilacnych organoch P. abies, P. sylvestris
a A. alba v Ziarskej kotline a na strednom Spisi.

FLUORINE

Fluorine is a nonmetallic, negatively univalent element, one of the most
reactive elements in the world. It naturally occurs in compounds, mainly
fluorite, cryolite and apatite. It is also naturally found in fluoroacids and
nucleocidine. It is indispensable to animals, but is not essential to bacteria,
algae, fungi and higher plants. The element accumulates in Accacia georgi-
nae, Dichapetalum ssp., Gastrolobium grandiflorum, Porifere Dysidea craws-
hayi, bones and teeth. Mammals need it to strengthen their teeth. Excessive
fluorine, however, gives rise to tooth fluorosis of cattle and game —e. g.
tooth fluorosis of deer in the Ziar nad Hronom area. Its deficiency causes
chlorosis or yellowing of young leaves, anaemia, hemolysis and growth
reduction. Fluorine has a structural function in apatite, has antibiotic
effects and correlates with heart troubles. Contents above 5 mg.kg 2, espe-
cially in the form of F and HF, are toxic to plants, and 2 g a day are lethal
to humans.

BowEN (1979 puts a limit value for soil at 200 mg.kg* F and for plants
at 0.02—24mg.kg* F. Total fluorine content in world plant biomass has
been estimated by MARKERT (1992 at 3.682.1F t. MANKOVSKA (1980)
gives a limit value for larch needles 8.7 mg.kg* F and MARKERT (1993) for
pinetree 2.0mg.kg* F.

Arithmetic mean of total fluorine contents in foliage of all forest tree spe-
cies mentioned in the Atlas is 6.2+4.8mg.kg* (median 6.1 mg.kg*, Tab.
28). Average contents in foliage of individual tree species are as follows
(in mg.kg™?): F. sylvatica 5.8+2.6(median 5.9), Q. species 4.7 +2.1(me-
dian 4.9), P. abies 6.3+4.2(median 6.2), P. sylvestris 7.8 +14.9(median
6.3) and 4. alba 8.3x5.1(median 8.0). Exogenic fluorine has been absent
from stomata of all analysed foliage of forest tree species.

The map of all tree species shows that fluorine contents exceed
5 mg.kg? in two-thirds of Slovak territory and are clearly associeted with
industrial plants. Total fluorine contents above 10 mg.kg* have been deter-
mined in needles of P. abies, P. sylvestris and A. alba in the Ziar Basin
and central Spis.

DISTRIBUCIA FLUORU V LESNYCH DREVINACH DISTRIBUTION OF FLUORINE IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 572 126 900 104 178 1428 2318
Aritmeticky priemer v mg.kg™ 5,84 474 5,63 6,28 7,80 8,34 6,63 6,24
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 2,56 2,10 2,59 4,15 14,91 5,07 5,78 4,84
Variacny koeficient

Variation coefficient 44 44 46 191 61 87 8
Minimalna hodnota 0,100 0,500 0,100 0,100 0,100 1,100 0,100 0,100
Minimum value ! ’ ! ! ! ! ’ ’
Maximalna hodnota

Maximum value 16,50 9,7 18,8 152,9 64,6 152,9 153,0

Median

Median 5.9 4.9 5,6 6,3 7,9 6,4 6,1
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ZELEZO

Zelezo je kovovy prvok, ktory sa v prirode vyskytuje v oxidaénom stave O,
+2, +3 a +6. Je to najrozsirenejSi fazky kov na Zemi. V horninach sa
nachadza v podobe kremicitanov, oxidov, sirnikov a uhli¢itanov. Po kysli-
ku, kremiku a hliniku je to §tvrty najrozsirenejsi prvok na Zemi. Ako esen-
cialny a netoxicky prvok zohrava doélezitu ulohu pri prenose kyslika u Zivo-
¢ichov. Akumuluje sa v Zeleznych baktériach, v liSajniku Acarospora sma-
ragdula, v Cervenych krvinkach a v peceni ryb. Medzi jeho dolezité funkcie
patri syntéza chlorofylu, metabolizmus dusika, tvorba vacSiny Zeleznych
enzymov, hemoglobinu, feritinu ako fixa¢nej a transportnej formy kyslika,
katalytické a redox-reakcie atd’. Prijem Zeleza prechadza metabolickou kon-
trolou. Vo forme Fe?*a Fe(OH)} je v mnozstve 10—200mg.1* pre rastliny
silne toxické a toxicka davka pre ¢loveka je 200 mg denne.

Celkovy obsah Zeleza vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 2,76.1C t. BoweN (1979 udava obsah Zeleza v podde
40000mg.kg™ a v rastlinach 70— 700mg.kg . BUBLINEC (1990 uvadza
ako pripustny obsah pre ihlicnany hodnoty 70—300a pre listnaté druhy
200—2 000mg.kgt. MATERNA (1984 zistil v zdravych smrekoch v Ces-
kej republike obsah 63 mg Fe.kg !, KAUPENJOHAN et al. (1989 uvadzaju
pre zdravy smrek hodnotu 50 mg Fekg™? a pre zdravy buk hodnotu
129 mg Fe.kg?. MARKERT (1993 pre P. sylvestris 118 mg.kg™t. INNES
(1995) zistil v dvojro¢nom ihli¢i P. abies hodnoty 40—169mg.kg™ a v P.
sylvestris 77—373mg.kg ™.

Aritmeticky priemer celkového obsahu Zeleza v asimilanych organoch
vsetkych drevin spracovanych v atlase je 159+900 mg.kg? (median
110 mg.kg™, tab. 29). Priemerny obsah v asimila¢nych organoch jednotli-
vych drevin v mgkg™? je takyto: F. sylvatica 216+1635(median 139),
0. species 131 £79(median 109), P. abies 123 +370(median 88), P. sylves-
tris 146 £111(median 125) a A. alba 246 +1059(median 136). Exogénne
Zelezo bolo pritomné v 94,4% prieduchov asimilaénych organov lesnych
drevin.

Na mape vsetkych drevin je vyssi obsah celkového Zeleza ako 200 mg.kg*
dokumentovany na viac ako dvoch tretinach uzemia Slovenska. Vyrazne sa
viaZe na priemyselné oblasti. Koncentracia Zeleza bola najvyssia pri F. syl
vatica v Nizkych Tatrach-juh a v priemyselnej oblasti KoSic, pri 4. alba
v Ziarskej kotline a na strednom Spisi a pri P. sylvestris na strednom Spisi.

IRON

Iron is a metallic element which is naturally found in valences O, +2, +3
and +6. It is the most abundant heavy metal on earth. In rocks it occurs in
silicates, oxides, sulphides and carbonates. Iron ranks as the fouth most
abundant element on earth after oxygen, silicium and aluminium. It is an
essential, untoxic element which plays an important role as an oxygen car-
rier in animal bodies. This element accumulates in ferruginous bacteria,
lichen Acarospora smaragdula, hemoglobin and fish liver. Its major fun-
ctions include chlorophyll synthesis, nitrogen metabolism, majority of fer-
rous enzymes, hemoglobin, ferritine as a fixing and carrying form of oxy-
gen, catalytic and redox reactions, etc. Iron uptake is controlled by meta-
bolism. 10—200mg/1 Fe in the form of Fe?* and Fe(OH), are strongly
toxic to plants and 200mg Fe a day are toxic to humans.

Total iron content in the world plant biomass has been estimated by
MARKERT (1992 at 2.76 .1C t. BoweN (1979 gives Fe content in soil
40000mg.kg* and in plants 70— 700mg.kg * Fe. BUBLINEC (1990) states
that permissible iron content in conifers is 70—300and in deciduous
species 200—2000mg.kgt. MATERNA (1989 has determined contents
63 mg.kg ! Fe in healthy larches in the Czech Republic, KAUPENJOHAN et
al. (1989 argue that healthy larches contain 50 mg.kg? Fe and healthy
beeches 129mg.kg * Fe. MARKERT (1993 gives 118 mg.kg * Fe in P. sylves-
tris. INNES (1995) has measured 40—169mg.kg* Fe in two-year-old need-
les of P. abies and 77 —373mg.kg* Fe in those of P. sylvestris.

Arithmetic mean of total iron contents in foliage of all forest tree species
mentioned in the Atlas is 159+900mg.kg! (median 110 mg.kg™, Tab.
29). Average iron contents in foliage of individual forest tree species are as
follows (in mgkg™): F. sylvatica 216+1635(median 139), Q. species
131479 (median 109), P. abies 123+370 (median 88), P. sylvestris
146 +111(median 125) and A. alba 246 +1059(median 136). Exogenic
iron has been present in 94.4% of stomata in foliage of forest tree species.
The map of all tree species in the Atlas shows that total iron contents ex-
ceed 200 mg.kgtin two-thirds of Slovak territory. High iron contents are
clearly bound to industrial areas. Highest iron concentrations in F. sylvati-
ca have been determined in the southern Nizke Tatry and in an industrial
area around Kosice, while A. alba displayed highest values in the Ziar Basin
and central SpiS$, and P. sylvestris also in central Spis.

DISTRIBUCIA ZELEZA V LESNYCH DREVINACH TAB. 29 DISTRIBUTION OF IRON IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 574 126 903 1114 105 178 1430 2331
Aritmeticky priemer v mg.kg™ 216,0 131,0 189,0 123,0 146,0 246,0 140,0 159,0
Arithmetic mean in mg.kg™" ’ ’ ’ ' ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 1635,0 79,0 1304,0 370,0 111,0 1059,0 498,0 901,0
Variacny koeficient 757 60 690 301 75,93 431 356 566
Variation coefficient !

Minimalna hodnota

Minimum value 11,2 49,1 11,2 26,3 37,6 11,7 11,7 11,2
Maximalna hodnota

Maximum value 39300,0 620,0 39300,0 9909,0 860,0 14004,0 14005,0 39300,0
Median 139,0 109,0 136,0 88,0 125,0 136,0 95,0 111,0
Medlan ) ’ 1 1 H i) i) ]
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ORTUT

Ortut sa v prirode nachadza v oxida¢nom stave +1 a +2. Zaradujeme ju
medzi tazké kovy a v zemskej kore sa vyskytuje v podobe svojho sirnika
rumelky (HgS). V organickej prirode vystupuje najmd ako CH;HgCl,
Hg(CH;), a C,H;HgCl. Pre baktérie, riasy, huby, vysSie rastliny a ZivoCichy
je neesencidlna, pre huby a rastliny je velmi toxickd, najmad vo forme
Hg(OH),a HgOHCI. Pre ¢loveka je toxicka v mnozstve 0,4 mg denne a jej
letalna davka je 150—300mg. Akumuluje sa v stromoch Minuartia setacea
a Betula papyryfera a v oblickach Zivoc¢ichov. Toxicita narasta od elemen-
tarnej ortuti cez iénovu az k organoortutnatym zlu¢enindm. Amalgam mo-
Ze sposobovat alergie. V rokoch 1953 —196(zaznamenali v Japonsku tzv.
chorobu minamata (podla zalivu Minamata kde voda obsahujuca methyl-
ortut kontaminovala potravu ryb). U Iudi nastava poSkodenie obliCiek
a imunologického systému a ochorenie mo6ze byt smrtelné. Ortut reaguje
s -SH skupinami a inhibuje enzymy.

Celkova ro¢na emisia antropogénnej ortuti do ovzduS$ia na svete sa odha-
duje na 1,0—6,1.10t, z toho v Europe 726t roéne (PACYNA - KELLER,
1995. Celkovy obsah ortuti vo svetovej rastlinnej biomase odhaduje
MARKERT (1992 na 1,841.10G t. Za normalnu hodnotu pre ortut je mozné
pokladat obsah do 0,12mg.kg* (MANKOVSKA, 1984). BOwEN (1979 zistil
v rastlinach hodnoty 0,005— 0,02mg.kga v pode 0,06 mg.kg™. Dalsie
udaje pre jednotlivé dreviny: nekontaminovana oblast —obsahy (v mg.kg™?):
0,004 - 0,06v smrekovom ihli¢i (WYTTENBACH at al. 1995,VOGEL — Riss,
1991, Crock, J. G. et al. 1992,Z0LOTAREVA et al., 1983, MUNTHE et al.,
1995); v priemyselnych oblastiach 5,23 +1,92(BARGHIGIANI et al., 1997).

Aritmeticky priemer celkového obsahu ortuti v asimilaCnych organoch
vsetkych drevin spracovanych v atlase je 0,10+0,13mg.kg? (median
0,072mg.kg?, tab. 30). Priemerny obsah ortuti v asimila¢nych organoch
jednotlivych drevin v mg.kg™? je takyto: F. sylvatica 0,11+0,11(median
0,08), 0. species 0,08 +0,09(median 0,05), P. abies 0,10+0,10(median
0,07), P. sylvestris 0,15+0,40(median 0,06) a 4. alba 0,13 +0,10(median
0,11). V prieduchoch analyzovanych asimilacnych organov lesnych drevin
nebola exogénna ortut pritomna.

Na mape vSetkych drevin je vyznaCeny vyS§i obsah celkovej ortuti ako
0,12 mg.kg! asi na tretine tizemia Slovenska. ViaZe sa na priemyselné
oblasti, spalovne a krematoria. Obsah ortuti vyssi ako 0,15mg.kg™* v asi-
milaénych organoch F. sylvatica bol zisteny na strednom SpiSi (na okoli
Zeleznorudnych bani v Rudiianoch a7 4,01mg.kg ) a na Hornej Nitre; pri
P. abies vo vojenskom priestore LeS§t a na Hornej Nitre, pri Q. species,
P. sylvestris a A. alba na strednom Spisi.

MERCURY

Mercury naturally occurs in valences +1 and +2. This heavy metallic ele-
ment is found in the earth’s crust largely as sulphide HgS. Its organic com-
pounds comprise chiefly CH;HgCl, Hg(CH;), and C,HgHgCI. The ele-
ment is not essential to bacteria, algae, fungi, higher plants and animals. It
is extremely toxic to fungi and plants, particularly in the form of Hg(OH),
and HgOHCI. 0.4 mg Hg a day is toxic and 150—300mg are lethal to
humans. Mercury accumulates in trees Minuartia setacea and Betula papy-
ryfera as well as in kidneys. Its toxicity increases from native Hg, to ion Hg
and organic mercury compounds. Amalgams may cause allergy. Minamata
disease broke out between 1953and 1960in Minamata Bay, Japan. Water
containing methylmercury contaminated fish. The disease damages human
kidneys and immunologic system and may eventually be lethal. Mercury
reacts with -SH groups and inhibits enzymes.

Total annual worldwide emission of man-made mercury into the atmosphe-
re is estimated at 1.0— 6.1.10 t, of which Europe accounts for 726t (Pa-
CINA and KELLER, 1995). Total mercury content in world plant biomass has
been estimated by MARKERT (1992 at 1.841.10 t. MANKOVSKA (1984
puts the critical value for mercury at 0.12 mg.kg*. BoweN (1979 has
determined 0.005 0.02mg.kg* Hg in plants and 0.06 mg.kg* Hg in soil.
Further data for individual tree species. uncontaminated areas — contents
(in mg.kg™) from 0.004to 0.06 in spruce needles (WYTTENBACH et al.,
1992;VoGEL and Riss, 1991;CRrock, J.G. et al., 1992;Z0OLOTAREVA et al.,
1983); industrial areas -5.23+1.92(BARGHIGIANI et al., 1991]).
Arithmetic mean of total mercury contents in foliage of all forest tree spe-
cies dealt with in the Atlas amounts to 0.10+0.13 mg.kg™' (median
0.072mg.kg™, Tab. 30). Average mercury contents in foliage of individual
forest tree species are as follows (in mg.kg™): F. sylvatica 0.11+£0.11(me-
dian 0.08), Q. species 0.08£0.09(median 0.05), P.abies 0.10£0.10(me-
dian 0.07), P. sylvestris 0.15+£0.40(median 0.06) a 4. alba 0.13£0.10
(median 0.11). Exogenic mercury has not been detected in stomata of ana-
lysed foliage of forest tree species.

The map of all forest tree species in the Atlas reveals that mercury con-
tents exceed 0.12 mg.kg™* in roughly one third of the Slovak territory,
mainly around industrial areas, incinerators and crematoria. Mercury
contents above 0.15mg.kg* have been determined in leaves of F. sylvati-
ca in central Spis (in the vicinity of Rudhany mine even 4.01 mg.kg™?)
and in the Upper Nitra Basin, in those of P. abies in the military area Lest
and in the Upper Nitra Basin, and in Q. species, P. sylvestris and A. alba
in central SpiS.

DISTRIBUCIA ORTUTI V LESNYCH DREVINACH TAB. 30 DISTRIBUTION OF MERCURY IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 577 126 907 1118 105 178 1434 2330
Aritmeticky priemer v mg.kg™ 0,112 0,083 0,100 0,100 0,145 0,133 0,108 0,100
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ' ’ ’
Smerodajna odchylka

Standard deviation 0,110 0,090 0,104 0,102 0,396 0,100 0,146 0,130
Variacny koeficient

Variation coefficient 98 109 103 102 273 75 135 125
Minimaina hodnota 0,012 0,010 0,010 0,014 0,013 0,020 0,008 0,008
Minimum value ’ ! ’ ’ ! ! ! ’
Maximalna hodnota 1,267 0,487 1,267 1,607 4,008 0,705 4,008 4,008
Maximum value ’ ’ ’ ’ ! ! ’ ’

Median

Median 0,081 0,048 0,069 0,073 0,058 0,108 0,075 0,070

54




DRASLIK

Draslik, podobne ako dalSie alkalické kovy — litium, sodik, rubidium a cé-
zium, sa v prirode nachadza v oxida¢nom stave +1. Obsah draslika v zem-
skej kore predstavuje 2,4%. V horninach tvori kremicitany a je najva¢Smi
vCleneny v Zivcoch a sludach. V mineraloch moze byt nahradeny rubidiom,
céziom, bariom, olovom a taliom. Pre vSetky organizmy je to esencialny
prvok s elektrochemickou a katalytickou funkciou, enzymaticka funkcia
aktivizuje enzymy. Draslik sa zucastnuje na osmoregulacii a podporuje
hydrataciu. Nedostatok draslika poSkodzuje vodnu rovnovahu (uschynanie
vrcholkov asimilaénych organov, krutenie starSich listov, pred¢asny opad
star§ich ro¢nikov ihli¢ia a hniloba korenov). Draslik vo forme K™ je pre
vSetky organizmy relativne neSkodny.

Celkovy obsah draslika vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 3,497.10° t. Endogénny obsah draslika 5000—1000Gng.kg*
je, podla udajov BERGMANA (1986), dostatoCny pre lesné dreviny. Bus-
LINEC (1990) uvadza ako limitné hodnoty pre smrek obsah
4000-10000pre buk 10000—-1500G pre dub 8000—15000mg.kg ™.
BowEN (1979 stanovil pre rastliny hodnoty 5000—34000ng.kg™? a pre
podu 14 000mg.kg . Variabilita draslika v asimila¢nych organoch lesnych
drevin zavisi od pody. MARKERT (1993 zistil v P. sylvestris 4400mg.kg .
INNES (1995 stanovil v dvojrocnom ihli¢i P. abies hodnoty
4900-11000mg.kg™ a v P. sylvestris 5200—8100mg.kg*. Pre dvoj-
roCné ihli¢ie P. abies uvadza WYTTENBACH et al. (1995 koncentraciu
2750—8700ng.kg™.

Aritmeticky priemer celkového obsahu draslika v asimilaénych organoch
vsetkych drevin spracovanych v atlase je 7503+3564mg.kg™* (median
6 807mg.kg, tab. 31). Priemerny obsah draslika v asimilacnych organoch
jednotlivych drevin v mg.kg™ je takyto: F. sylvatica 9504 +2 761(median
9407), Q. species 9259 +2 093 median 9135, P. abies 6 178 +3 209 me-
dian 5881), P. sylvestris 5609+ 1 356(median 5334) a 4. alba 5639+1
487 (median 5374). Exogénny draslik bol pritomny v 78,5% prieduchov
analyzovanych asimilacnych organov lesnych drevin.

Na mape vSetkych drevin vystupuje obsah celkového draslika vyssi ako
10000mg.kg?* na dvoch tretinach uzemia. Tato koncentracia bola prekro-
¢ena v asimilaénych organoch F. sylvatica v Ziarskej kotline, na Hornej
Nitre a v oblasti magnezitovych zavodov v Lubeniku a JelSave.

POTASSIUM

Like the other alkali metals (lithium, sodium, rubidium and caesium),
potassium naturally occurs in valence +1. Potassium content in the
earth’s crust is 2.4%. In rocks, it is combined in silicates, primarily feld-
spars and micas. Potassium in minerals can be replaced by rubidium,
caesium, barium, lead and thallium. Essential to all organisms, it has elec-
trochemical, catalytic and enzymatic (enzyme activation) functions, and
supports osmoregulation and hydration. Oxygen deficiency disturbs water
balance (withering tips of leaves, contorted older leaves, premature loss of
older needles, rotting roots). Potassium in the form of K* is fairly harmless
to all organisms.

Total potassium content in world plant biomass has been put by MARKERT
(1992 at 3.497.1@° t. According to BERGMANN (1986), endogenic po-
tassium content between 5000and 10000mg.kg™ is sufficient for forest
woody plants. BUBLINEC (1990 gives limit values for spruce 4 000—10000,
for beech 10000—1500(und for oak 8000—15000mg.kg * K. BOWEN
(1979 has determined values 5000—34000mg.kg™? for plants and
14 000mg.kg* for soil. Variations in potassium contents in foliage of forest
woody plants are controlled by soil. MARKERT (1993 has determi-
ned 4400 mgkg?* K in P. sylvestris. INNES (1995 has noted
4900-11000mg.kg * in two-year-old needles of P. abies 35200— 8100
mg.kg* K in those of P. sylvestris. WYTTENBACH et al. (1995 give concen-
trations 2 750— 8 70Gng.kg ! in two-year-old needles of P. abies.
Arithmetic mean of total potassium contents in foliage of all forest tree
species presented in the Atlas is 7503+3564 mg.kg? K (median
6807 mg.kg 1, Tab. 31). Average potassium contents in foliage of indivi-
dual tree species are as follows (in mgkg™): F. sylvatica 9504+2761
(median 9407, Q. species 9259+2093 (median 9135, P. abies
6178+3209(median 5881), P. sylvestris 5609+1356(median 5334
and A. alba 5639x1487(median 5374). Exogenic potassium has been
detected in 78.5% of stomata of analysed foliage of forest tree species.
The map of all forest tree species in the Atlas indicates that total potassium
contents surpass 10000mg.kg* in two-thirds of the Slovak territory. This
concentration has been exceeded in asimilation organs of F. sylvatica in the
Ziar and Upper Nitra basins and in the vicinity of magnesite plants at
Lubenik and JelSava.

DISTRIBUCIA DRASLIKA V LESNYCH DREVINACH TAB. 31 DISTRIBUTION OF POTASSIUM IN FOREST TREE SPECIES

Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu

Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees

Pocet hodnét

Number of values 574 126 903 1114 105 178 1430 2331

Aritmeticky priemer v mg.kg™

Arithmetic mean in mg.kg" 9504,0 9259,0 9781,0 6178,0 5609,0 5639,0 6070,0 7503,0

Smerodajna odchylka 2761,0 2093,0 3274,0 3209,0 1356,0 1487,0 2938,0 3564,0

Standard deviation ! ’ ’ ’ ! ! ! !

Variacny koeficient

Variation coefficient 29 23 33 52 24 26 48 47

Minimaina hodnota 2879,0 3687,0 2318,0 1752,0 3163,0 2288,0 1752,0 1752,0

Minimum value ! ’ ’ ’ ’ ! ’ ’

ma"!ma'”a hodnota 24104,0 15354,0 32498,0 94782,0 10933,0 10937,0 94782,0 94782,0
aximum value

Median

Median 9408,0 9136,0 9506,0 5882,0 5334,0 5374,0 5767,0 6808,0
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LiTIUM

Litium je alkalicky kov, ktory sa v prirode nachadza v oxida¢nom stave +1.
V horninach sa vyskytuje prevazne ako kremicitan spolu s dal§imi alkalic-
kymi kovmi — sodikom, draslikom, rubidiom a céziom. Litium nema nutric-
ny vyznam a pre organizmy nie je vo vyznamnejSej miere toxické. Toxicka
davka pre rastliny je menej ako 30 mg.l* a pre ¢loveka 200 mg denne.
Litium sa akumuluje v Solanaceae. Jeho zlu€eniny sa pouZivaju v medicine
na liecbu depresii. MozZna esencialita pre cicavce sa skuma.

Celkovy obsah litia vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 3,682.1C t. BoweN (1979 udava pre rastliny hodnoty
0,5-3,4mg.kg™* a pre podu 25 mg.kg ™.

Aritmeticky priemer celkového obsahu litia v asimilaCnych organoch
drevin spracovanych v atlase je 0,18 +0,19mg.kg* (median 0,13 mg.kg™?,
tab. 32). Priemerny obsah v asimilacnych organoch jednotlivych drevin
v mg.kg? je takyto: F. sylvatica 0,16+0,14 (median 0,13), Q. species
0,20£0,18(median 0,13), P. abies 0,18 +0,18(median 0,13), P. sylvestris
0,19+0,25(median 0,13) a A. alba 0,17 +0,25(median 0,10). V prie-
duchoch analyzovanych asimilaCnych organov nebolo exogénne litium
pritomné.

Obsah celkového litia vyssi ako 0,2 mg.kg™ je na mape vSetkych drevin
zachyteny v oblasti stredného Slovenska. Tato koncentracia bola pre-
krodena v asimilaénych organoch F. sylvatica v Ziarskej kotline a vo vojen-
skom priestore Lest; P. abies na Hornej Nitre a v Ziarskej kotline, P. sylves-
tris na strednom SpiSi.

LITHIUM

Lithium is an alkali metal which naturally occurs in valence +1. In rocks,
it is mostly combined in silicates along with the other alkali metals (sodi-
um, potassium, rubidium and caesium). Lithium has no nutritive impor-
tance, nor is considerably toxic to organisms. An amount toxic to plants is
less than 30 mg/l, and 200 mg a day is toxic to humans. The element is
amassed by Solanaceae. Lithium compounds are used to cure depressions.
Possible essentiality to mammals is being studies.

Total lithium content in world plant biomass has been estimated by MAR-
KERT (1992 at 3.682.10 t. BoWEN (1979 gives values 0.5—3.4mg.kg™*
Li for plants and 25 mg.kg* Li for soil.

Arithmetic mean of total lithium contents in foliage of all tree species de-
scribed in the Atlas is 0.18+0.19mg.kg* (median 0.13mg.kg %, Tab. 32).
Average lithium contents in foliage of individual forest tree species are as
follows (in mg.kg™): F. sylvatica 0.16+0.14 (median 0.13), Q. species
0.20+0.18(median 0.13), P. abies 0.18+0.18(median 0.13), P. sylvestris
0.19+0.25median 0.13) and 4. alba 0.17 £0.25median 0.10). Exogenic
lithium has not been detected in stomata of analysed foliage of forest tree
species.

Total lithium contents on the map of all forest tree species in the Atlas
exceed 0.2 mg.kg™ in central Slovakia. Higher values have been noted in
leaves of F. sylvatica in the Ziar Basin and military area Lest, in those of P.
abies in the Upper Nitra and Ziar basins, and P. sylvestris in central Spis.
Lithium distribution in forest tree species.

DISTRIBUCIA LiTIA V LESNYCH DREVINACH DISTRIBUTION OF LITHIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 575 126 904 1113 105 178 1429 2330
Aritmeticky priemer v mg.kg™ 0,159 0,201 0,174 0,177 0,193 0,174 0,179 0,180
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 0,144 0,177 0,186 0,176 0,249 0,253 0,195 0,190
Variacny koeficient

Variation coefficient 90 88 107 100 129 146 109 109
Minimaina hodnota 0,007 0,020 0,007 0,020 0,030 0,031 0,020 0,007
Minimum value ’ ! ! ! ! ! ! !
Maximalna hodnota 1,000 1,100 2,815 2,300 2,230 2,540 2,540 2,820
Maximum value ’ ’ ! ! ! ! ’ !

Median 0,126 0,132 0,130 0,132 0,132 0,102 0,131 0,130
Medlan i) i) y ] y ] ) )

58




HORCIK

Horc¢ik, podobne ako dalSie kovy alkalickych zemin — vapnik, barium
a stroncium —sa v prirode nachadza v oxida¢nom stave +2. Patri medzi naj-
rozsirenejSie prvky a na stavbe zemskej kory sa zucastiiuje 2,0%. V horni-
nach sa nachadza v mnohych mineraloch, spolu s vapnikom tvori celé
pohoria (dolomity), vyskytuje sa najméa v kremicitanoch, oxidoch a uhli¢i-
tanoch (magnezit). Pre vSetky organizmy je esencialny. Karcinogénny uci-
nok ma v podobe azbestu.

Horéik sa akumuluje v semenach a v morskych riasach (6000 az
20000mg.kg* v susine). Je konstitu¢nou zlozkou enzymov a chlorofylu,
ma elektrochemické a katalytické funkcie, reguluje hydrataciu a fotosynté-
zu. Jeho nedostatok sposobuje zakrpateny vzrast a intervenalnu chlorozu
starSich listov. Vysoké mnozstvo horc¢ika sa nachadza v poédach na podlo-
Zi, ktoré obsahuje MgCO,.

Celkovy obsah horcika vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 3,682.10C t. BoweN (1979 udava pre rastliny hodnoty
1000-9000mg.kg* a pre podu 5000mg.kg . Variabilita horéika v asi-
milaénych organoch lesnych drevin zavisi od pody. Hodnoty optima hor-
Cikovej vyzivy sa pohybuju v rozmedzi 1000—2500ng Mg.kg* (KNABE,
1984 BERGMAN, 1986). BUBLINEC (1990 uvadza ako optimalny obsah
1000-2000mg Mg.kg* pre smrek; 1000—3000mg Mg.kg* pre buk
a 1500—-300Gng Mg.kg* pre dub. INNES (1995) zistil v dvojroénom ihli-
Ci P. abies hodnoty 400—1100mg.kg* a v P. sylvestris 500 — 900mg.kg .
CLUSENER (1990) nameral v rastlinach 2 900—2 500Koncentracia horci-
ka je vySSia v starSich ro¢nikoch ihli¢ia zdravych jedincov. V imisnych
oblastiach narastal jeho obsah az do tretieho ro¢nika, potom zacal klesat
(KNABE, 1984). Nizke hodnoty koreluju so zZltnutim ihli¢ia. REEMTSMA
(1986) dalej uvadza existenciu rozdielov v obsahu tohto prvku v ihliéi star-
Sich jedincov (4000mg Mg.kg ) v porovnani s mladsimi (6 200mg.kg*
Mg) z toho istého stanovista. Obsah vapnika v zasade koreluje s hladinou
horcika.

Aritmeticky priemer celkového obsahu horcika v asimila¢nych organoch
vSetkych drevin spracovanych v atlase je 1458+1093mg.kg* (median
1164mg.kg™, tab. 33). Priemerny obsah hor¢ika v asimilaénych organoch
jednotlivych drevin v mg.kg™? je takyto: F. sylvatica 1892 +771(median
1753, Q. species 2003 +890(median 1812, P. abies 966 +479(median
874), P. sylvestris 1161 +422(median 1069 a 4. alba 1087 £+455 median
991). Exogénny hor¢ik bol pritomny na 48,9% povrchu analyzovanych asi-
milaénych organov lesnych drevin.

Na mape vsetkych drevin je obsah hor¢ika vyssi ako 2000mg.kg ! vyzna-
¢eny v juznej a vychodnej Casti Slovenska. Tato koncentracia v asimilac-
nych organoch F. sylvatica je napriklad v oblasti magnezitovych zavodov
Lubenik a JelSava a na Hornej Nitre; pri Q. species na Hornej Nitre
a v priemyselnej aglomeracii KoSice.

MAGNESIUM

Like other alkali-earth metals (calcium, barium and strontium), magnesi-
um is found in nature in valence +2. With its 2% share, magnesium ranks
among the most abundant elements in the earth’s crust. In rocks, it is com-
bined in a number of minerals — primarily silicates, oxides and carbonates
(magnesite), along with calcium (dolomite) makes up whole mountain ran-
ges. The element is essential to all organisms. On the other hand, it is as
carcinogenic to them as asbestos. Magnesium accumulates in seeds and
seaweeds (6000—20000Gng.kg* in dried matter). Magnesium is a consti-
tuent in enzymes and chlorophyll, has electrochemical and catalytic
functions, regulates hydration and photosynthesis. Its deficiency results in
dwarfism and intervenal chlorosis of older leaves. Soils underlain by rocks
containing MgCQO, are enriched in magnesium.

According to MARKERT (1992), total magnesium content in the world plant
biomass is 3.682 .10 t. BOWEN (1979 gives magnesium contents in plants
1000-9000mg.kg* and in soil 5000mg.kg . Variations in magnesium
contents in leaves of forest woody plants is controlled by soil. The optimum
magnesium nutrient values vary between 1000 and 2500 mg.kg* Mg
(KNABE, 1984;BERGMAN, 1986). BUBLINEC (1990) gives optimum conte-
nts 1000—-2000mg.kg* Mg for spruce, 1000—3000mg.kg* Mg for
beech and 1500—3 00Gng.kg * Mg for oak. INNES (1995) has determined
400-1100mg.kg* Mg in two-year-old needles of P. abies, and
500— 900mg.kg? in those of P. sylvestris, while CLUSENER (1990) measu-
red 2900—-2500n vegetation. Magnesium concentrations in older need-
les of healthy trees are increased. In imission areas, Mg content grew till
the 3rd year of age, then dropped (KNABE, 1984). Low Mg values corre-
late with yellowing needles. REEMTSMA (1986) discusses differences in Mg
contents between needles on older trees (4 000mg.kg* Mg) and on youn-
ger ones (6 200mg.kg* Mg) growing in the same place. The contents of
calcium basically correlate with those of Mg.

Arithmetic mean of total magnesium contents in foliage of all forest tree
species dealt with in the Atlas is 1458+1093mg.kg! Mg (median
1164mg.kg?, Tab. 33). Average magnesium contents in foliage of indivi-
dual tree species are as follows (in mg.kg™): F. sylvatica 1892 +771(me-
dian 17593, Q. robur 2003 +890(median 1812, P. abies 966 +479(me-
dian 874), P. sylvestris 1161 +422(median 1069 and A. alba 1087 £455
(median 991).

Exogenic magnesium has been detected on 48.9% of the stomata of analy-
sed foliage of forest tree species.

The Atlas map of all forest tree species shows that magnesium contents
above 2000 mg.kg™? occur in southern and eastern Slovakia. Such con-
centrations have been found in leaves of F. sylvatica in the neigbourhood of
magnesite plants at Lubenik and JelSava and in the Upper Nitra Basin as
well as in those of Q. robur in the Upper Nitra Basin and KoSice area.

DISTRIBUCIA HORCIKA V LESNYCH DREVINACH TAB. 33 DISTRIBUTION OF MAGNESIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 574 126 903 1114 105 178 1430 2331
Aritmeticky priemer v mg.kg™

Arithmetic mean in mg.kg" 1892,0 2003,0 2147,0 966,0 1161,0 1088,0 1023,0 1458,0
Smerodajna odchylka

Standard deviation 771,0 890,0 1174,0 479,0 422,0 455,0 561,0 1013,0
Variacny koeficient

Variation coefficient 41 44 55 50 36 42 55 69
Minimaina hodnota 477,0 776,0 471,0 318,0 551,0 351,0 255,0 255,0
Minimum value ’ ’ ’ ’ ’ ’ ’ ’
Maximalna hodnota 7173,0 5931,0 9132,0 9227,0 2884,0 2575,0 9227,0 9227,0
Maximum value ’ ’ ’ ’ ’ ’ ’ ’

Median

Median 1754,0 1812,0 1864,0 874,0 1069,0 992,0 906,0 1164,0
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MANGAN

Mangan je kovovy prvok, ktory sa v prirode nachadza v oxida¢nom stave +2,
+3, +4,(+5), (+6) a (+7). Po Zeleze je to najrozSirenejsi tazky kov, v malych
mnozZstvach sa vyskytuje takmer vSade, rozSirené su vSak aj samostatné man-
ganové rudy. Je sucastou tmavych i svetlych mineralov, v ktorych nahradza
Zelezo, horcik a vapnik.

Mangan je pre vSetky organizmy esencialny. Akumuluje sa v rastlinach
Ericaceae a Theaceae, v Coscinodiscus, Terpois zeteki, Annelida hermione,
Ascidiae Didemnum a Halocynthia, ale aj v oblickach musli. Prirodzene sa
vyskytuje v porfyrine, v 12 Mn-bielkovinach a enzymoch, ma vplyv na synté-
zu nukleovych kyselin, fotolyzu vody pocas svetelnej reakcie a fotosyntézy,
stabilizuje Strukturu chloroplastov, metabolizmus mukopolysacharidov,
superoxidismutazu, arginazu a karboxylazu. Jeho nedostatok sa prejavuje
chlorozou a nekrozou mladych listov, defoliaciou, deformaciou Kkosti, ané-
miou a redukciou rastu.

Celkovy obsah manganu vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 3,682.10 t. Obsahy manganu v asimilaénych organoch vseobec-
ne vel'mi koliSu. MARKERT (1991) uvadza, Ze zo skimanych parametrov len
obsahy manganu v ihli¢i smreka koreluju s jeho stratou ihli¢ia. Preto sa man-
gan hodnoti ako ukazovatel poSkodenia drevin. Uz faza mobilizovania man-
ganu svedCi o labilnom stave v reZime mineralnych latok lesa i stromov.
MitscHICK a FIEDLER (1987 udavaju pre smrekové ihli¢ie prah nedostatku
manganu 20 mg.kg™?, optimalny obsah viac ako 50, pre buk viac ako
100 mg.kg™. BUBLINEC (1990 poklada za pripustny v smrekovom ihli¢i
obsah 100—2000pre listnaté druhy 200—2 000mg.kg *. KAUPENJOHAN et
al. (1989 zistili v zdravom smrekovom ihli¢i hodnoty 320 mg Mn.kg™
a v chradnucom 1300 mg Mn.kg™?, v zdravom buku 940 mg Mn.kg™.
MATERNA (1984) udava pre zdravy smrek hodnoty 540 mg Mn.kg . INNES
(1995 zistil v dvojroénom ihli¢i P. abies hodnoty 100— 5540mg.kgta v P.
sylvestris 150—1740mg kg

BowEN (1979 udava v rastlinach hodnoty 20— 700 mgkg™ a v pode
1000mg.kg . Mobilizacia manganu signalizuje narusenie rovnovahy vo fy-
zioldgii smreka, nespravny pomer manganu a Zeleza (pomer by mal byt 1:2).
Vznikajuce trojmocné Zelezo sa zlucuje s fosforom. Vzniknuty fosfore¢nan
Zelezity nemdzu dreviny fyziologicky vyuzivat. Vznika tym fyziologicky
nedostatok Zeleza aj fosforu, pricom ich celkovy obsah sa moéze javit ako
dostatocny (KAUPENJOHAN et al., 1989. NajvyraznejSia mobilizacia manga-
nu sa prejavila vo vysSich nadmorskych vyskach.

Aritmeticky priemer celkového obsahu manganu v asimilaénych organoch
vSetkych drevin spracovanych v atlase je 1121+1060mgkg™ (median
846 mg.kg, tab. 34). Priemerny obsah manganu v asimilaénych organoch
jednotlivych drevin v mg.kg* je takyto: F. sylvatica 1026 + 969 median 794),
Q. species 1650+1 079 median 1 524), P. abies 977 £ 783(median 807),
P. sylvestris 635+865(median 450) a A. alba 1934 +1 636 median 1492).
Exogénny mangan bol pritomny v 20% prieduchov asimilacnych organov les-
nych drevin.

Obsah manganu vyssi ako 2000mg.kg™ je na mape vsetkych drevin vyznace-
ny asi na dvoch tretinach uzemia Slovenska, a to v priemyselnych oblastiach aj
v horskych celkoch. Tato koncentracia je prekroCena pri F. syhvatica v beskyd-
skych horskych lesoch na Kysuciach a pri A. alba na strednom Spisi.

MANGANESE

This metallic element occurs in nature in valences +2, +3, +4,(+5), (+6) and
(+7). Manganese is the second most abundant heavy metal after iron. Small
amounts of manganese can be found almost anywhere, manganese ores are
also widespread. The element is present in both mafic and acid minerals in
which it substitutes for iron, magnesium and calcium.

Maganese is essential to all organisms. It accumulates in plants Ericaceae
and Theaceae, in Coscinodiscus, Terpois zeteki, Annelida hermione, Ascidiae
Didemnum, Halocynthia and in mussel kidneys. It naturally occurs in porphy-
rine, 12 Mn-proteins and enzymes, supports synthesis of nucleus acids,
water photolysis during light reaction and photosynthesis, stabilizes chloro-
plast structure, mucopolysaccharide metabolism, superoxidimuthasis, argi-
nasis, carboxylasis. Oxygen deficiency causes chlorosis and necrosis of
young leaves, defoliation, bone deformations, anaemia and limited growth.
Total manganese content in world plant biomass has been estimated by MAR-
KERT (1992 at 3.682.1G t. Manganese contents in leaves are generally ve-
ry variable. MARKERT’S (1991) investigations have revealed that manganese con-
tent is the only parameter which correlates with the loss of spruce needles. For
that reason, manganese is regarded as an indicator of damage to woody plants.
As early as the stage of manganese mobilization indicates an unstable regime of
mineral elements in trees and the wood as a whole. MITSCHICK and FIEDLER
(1987 put deficiency threshold for spruce needles at 20 mg.kg™, optimum
content at >50, and the optimum content in beech leaves at >100 mg.kg™.
BUBLINEC argues that a permissible Mn content in spruce needles is
100-2000mg.kg™* and in leaves of deciduous trees 200—2000mg.kg™.
KAUPENJOHAN et al. (1989 have determined 320 mg.kg* Mn in healthy spru-
ce nedles and 1300mg.kg* in perishing one, and 940mg.kg* in a healthy oak.
MATERNA (1989 gives Mn content in healthy spruces 540 mg.kg™. INNES
(1995 has measured 100—5540mg.kg™ Mn in two-year-old needles of P.
abies and 150—1 740mg.kg* in those of P. sylvestris.

BowEN (1979 gives Mn contents in plants between 20 and 700mg.kg™ and in
soil 1000mg.kg*. Manganese mobilization signals disturbed balance in spruce
physiology which leads to changes in Mn/Fe ratio (normally 1:2). Newly formed
ferric iron combines with phosphorus, and ferric phosphate formed in this man-
ner cannot be physiologically used by the plant. This leads to iron and phospho-
rus deficiency, although their total contents may seem sufficient (KAUPENJOHAN
et al., 1989. Increased Mn contents signal its mobilization and disturbances in
physiological balance of forest tree species, before any outward manifestations
appear. The biggest manganese mobilization takes place in high altitudes.
Arithmetic mean of total manganese contents in foliage of all forest tree spe-
cies mentioned in the Atlasis 1121 +1 060ng.kg* (median 846 mg.kg?, Tab.
34). Average manganese contents in foliage of individual tree species are as fol-
lows (in mg.kg 1): F. sylvatica 1026 969 median 794), Q. robur 1650+1079
(median 1524), P. abies 977 £ 783(median 807), P. sylvestris 635 x865(me-
dian 450) and A. alba 1934 +1 636 median 1492). Exogenic manganese has
been detected in 20% of stomata in foliage of forest tree species.

The Atlas map of all forest tree species reveals that manganese content
exceeds 2000mg.kg* in two-thirds of the Slovak territory, in industrial areas
and mountain regions alike. Higher concentrations have been noted in F. syl
vatica growing in Kysuce and Beskydy mountain forests and in central Spis.

DISTRIBUCIA MANGANU V LESNYCH DREVINACH TAB. 34 DISTRIBUTION OF MANGANESE IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 574 126 903 1114 105 178 1430 2331
Aritmeticky priemer v mg.kg™ 1026,0 1650,0 1208,0 977,0 635,0 1934,0 1066,0 1121,0
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 970,0 1079,0 1150,0 783,0 865,0 1636,0 995,0 1060,0
Variacny koeficient

Variation coefficient 95 65 95 80 136 85 93 95
Minimalna hodnota

Minimum value 14,7 21,9 14,7 7,8 9,2 31,0 7,2 7,2
Maximalna hodnota 8830,0 4984,0 9773,0 6477,0 7312,0 8112,0 8112,0 9773,0
Maximum value ’ ’ ’ ’ ’ ’ ’ ’

Median

Median 795,0 1524,0 927,0 807,0 450,0 1492,0 821,0 846,0
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DUSIK

Atmosféricky vzduch sa zhruba v 80% objemovych dielov sklada z ele-
mentarneho dusika. V stopach sa vo vzduchu nachadza amoniak NHs.
Anorganické zluceniny dusika sa vyskytuju v prirode zriedka vo vysSich
mnozZstvach, s vynimkou dusi¢nanu sodného.

Dusik je pre Zivé organizmy nepostradatelny, pretoZe patri medzi prvky,
z ktorych sa tvoria bielkoviny. Je to Strukturdlny prvok a vyskytuje sa
v mnohych organickych zlucCeninach. Dusik je esencidlny pre baktérie,
riasy, huby, vysSie rastliny i zZivoCichy. Je zakladnou zlozkou protoplazmy
a enzymov s vacSinou metabolickych funkcii. Jeho nedostatok spdsobuje
zakrpateny alebo trpasli¢i a vretenovity vzrast rastliny, skleromorfézu
a zltnutie starSich listov. Jednoduché zluCeniny dusika dnes reprezentuju
extenzivny ekotoxickologicky problém (napr. pdsobenie dusitanov na Zivo-
Cichy, emisie NO,, N,O ako sklenikovy plyn v atmosfére). Je ekotoxicky vo
forme NO3a NHj.

Celkovy obsah dusika vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 4,602.10° t. BoweEN (1979 a MARKERT (1992 uvadzaju pre
pody hodnoty 2000mg N.kg™* a pre rastliny 12000—-38000ng N.kg™.
BERGMAN (1986) poklada rozpitie 13500—17 00@ng N.kg* za dostatoc-
né pre smrek, ¢o je v zhode aj s udajmi BUBLINCA (1990). INGESTAD (1962
a TamM (1977) vsak uvadzaju, ze 17000—-25000ng N.kg* je pre opti-
malny rast smreka nevyhnutné. Pre bukové listie poklada BUBLINEC (1990
za dostatoéné hodnoty 19000-26000mg N.gt; pre dubové listie
18000—-3000Gng N.g*. INNES (1995) zistil v dvojroénom ihli¢i P. abies
hodnoty 11010—-1640Gng.kg™* a v P. sylvestris 12500—23 200Gng.kg .
Aritmeticky priemer celkového obsahu dusika v asimilacnych organoch
vsetkych drevin spracovanych v atlase je 18 165+6 432mg.kg™* (median
15 900mg.kg %, tab. 35). Priemerny obsah dusika v asimilacnych organoch
jednotlivych drevin v mg.kg* je takyto: F. sylvatica 19750 +6 755 median

17800, Q. species 20923 +6 17(Qmedian 21 180, P. abies 16640+5220

(median 15300, P. sylvestris 16630+£5431(median 15600 a A. alba
17920+£547Qmedian 16 900.

Na mape vSetkych drevin je obsah celkového dusika vyssSi ako
20000mg.kg™* zretelny na juznom a vychodnom Slovensku. Tieto kon-
centracie su prekroCené v asimilacnych organoch F. sylvatica vo vojenskom
priestore Lest, na strednom SpiSi a v priemyselnej aglomeracii KoSice,
v pripade Q. species v koSickej aglomeracii a na strednom SpiSi, pri P. abies
na strednom SpiSi.

NITROGEN

Elementary nitrogen constitutes 80 vol. % of the atmospheric air. Aside
from it, the air contains also traces of ammonia NHj. Inorganic nitrogen
compounds except for sodium nitrate rarely occur in nature in big quanti-
ties.

Nitrogen is indispensable to living organisms, because it is one of the ele-
ments which form proteins. It is a structural element combined in a wide
variety of organic compounds. Nitrogen is essential to bacteria, algae, fun-
gi, higher plants and animals. It is a basic component of protoplasma and
enzymes with most metabolic functions. Its deficiency causes dwarfism,
spindle-like growth of plants, scleromorphosis and yellowing of older lea-
ves. Simple nitrogen compound now are a serious ecotoxicological prob-
lem, e. g. nitrates noxious to animals. NO, emissions, N,O as a greenhouse
gas in the atmosphere. It is toxic in the form of NOj and NHj,.

Total nitrogen content in the world plant biomass has been estimated by
MARKERT (1992 at 4.602.10° t. BoweN (1979 and MARKERT (1992
state that soils contain 2000mg.kg* N and plants 12000—-38000ng.kg*
N. BERGMAN (1986), in compliance with data presented by BUBLINEC
(1990), maintains that 13500—17 000ng.kg* N is sufficient for spruce.
Nevertheless, INGESTAD (1962 and Tamm (1977) argue that the optimum
growth of spruce requires 17000—25000mg.kg* N. BUBLINEC (1990
maintains that beech leaves contain 19000-26000mg.kg™* N and
oak ones 18000-30000mg.kg* N. INNES (1995 has determined
11010-16400mg.kg* N in two-year-old needles of P. abies and
12500-23200ng.kg* in those of P. sylvestris.

Arithmetic mean of total nitrogen contents in foliage of all forest tree spe-
cies dealt with in the Atlas amounts to 18165+6432mg.kg* (median
15900mg.kgt, Tab. 35). Average nitrogen contents in foliage of indivi-
dual forest tree species are as follows (in mg.kg™?): F. sylvatica
19750+6 755median 17 800, Q. species 20923 +6 170 median 21 180,
P. abies 16 6405 22Amedian 15300, P. sylvestris 16 630+543 median
15600 and 4. alba 17920+£547Q median 16 900.

The map of all forest tree species in the Atlas reveals that total nitrogen
contents clearly exceed 20000mg.kg™ in southern and eastern Slovakia.
Still higher concentrations have been detected in leaves of F. sylvatica the
military area Lest, central Spi$ and in the KoSice industrial area; in those
of Q. species in the KoSice industrial area and central SpiS; and P. abies in
central Spis.

DISTRIBUCIA DUSIKA V LESNYCH DREVINACH TAB. 35 DISTRIBUTION OF NITROGEN IN FOREST TREE SPECIES

Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu

Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees

Pocet hodnét

Number of values 578 127 909 1123 105 177 1438 2321

Aritmeticky priemer v mg.kg™

Arithmetic mean in mg.kg" 19754,0 20923,0 20174,0 16645,0 16631,0 17921,0 16855,0 18165,0

Smerodajna odchylka 6755,0 6170,0 7382,0 5221,0 5431,0 5470,0 5341,0 6432,0

Standard deviation ' ’ ’ ’ ! ! ! ’

Variacny koeficient

Variation coefficient 34 29 37 31 33 31 32 35

Minimaina hodnota 7800,0 9700,0 5500,0 8700,0 6800,0 9300,0 6800,0 5500,0

Minimum value ’ ’ ’ ’ ! ! ! !

ma"!ma'”a hodnota 51400,0 36500,0 57210,0 57.400,0 34700,0 38200,0 57400,0 57400,0
aximum value

Median

Median 17800,0 21180,0 18900,0 15300,0 15600,0 16900,0 15500,0 15900,0
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SODIK

Sodik, podobne ako ostatné alkalické kovy litium, draslik, rubidium a cé-
zium sa v prirode nachadza v oxidacnom stave +1. Jeho obsah v zemske;j
kore je 2,6%. NajrozSirenejSimi sodnymi mineralmi su oligoklas a albit
(Na[AlSizOg]), v horninach je sodik najva¢Smi vCleneny do Zivcov. Je to
esencialny prvok pre niektoré baktérie a riasy, pre vysSie organizmy a Zivo-
¢ichy. Je relativne netoxicky, poskodenie rastlin moze sposobit Na*. Sodik
akumuluju halofyty, niektoré Chenopodiaceae, Frankeniaceae a Plumbagi-
naceae, Avicennia, Bruguiera a Rhizophora. V rastlinach plni vyznamnu
elektrochemicku funkciu, aktivizuje enzymy.

Celkovy obsah sodika vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 2,76.1C t. BowEN (1979 a MARKERT (1992 udavaju pre rast-
liny hodnoty od 35—1000mg.kg 2, v pode je jeho obsah variabilny. Podla
MARKERTA (1993 obsahuje P. sylvestris 101 mg.kg . INNES (1995 zistil
v dvojroénom ihli¢i P. abies hodnoty 26—189mg.kg™* a v P. sylvestris
76—-1152mg.kg™.

Aritmeticky priemer celkového obsahu sodika v asimilaénych orga-
noch vsetkych drevin spracovanych v atlase je 42+41 mgkg™' (median
34 mg.kg™?, tab. 36). Priemerny obsah sodika v asimila¢nych organoch jed-
notlivych drevin v mg.kg* je takyto: F. sylvatica 59 + 28(median 52), Q. spe-
cies 40+21 (median 35), P. abies 32+ 38 (median 26), P. sylvestris 43 +57
(median 32) a A. alba 43+48 (median 36). Exogénny sodik bol pritomny
v 15% prieduchov analyzovanych asimilacnych organov lesnych drevin.

Na mape vsetkych drevin vystupuje obsah sodika vyssi ako 100mg.kg* na
tretine uzemia Slovenska. Obsah sodika vySsi ako 50 mg.kg* sa vyskytuje
iba v asimilaénych organoch F. sylvatica vo vsetkych sledovanych priemy-
selnych oblastiach.

SODIUM

Like the other alkali metals (lithium, potassium, rubidium and caesium),
sodium is found in nature in valence +1. Its content in the earth’s crust is
2.6%. The most abundant sodium minerals in rocks are feldspars — oligo-
clase and albite (Na[AlSi;Og]). Sodium is essential to some bacteria and
algae, higher plants and animals. It is relatively untoxic, but Na* can cause
damage to vegetation. The element is amassed by halophytes, some
Chenopodiaceae, Frankeniaceae and Plumbaginaceae, Avicennia, Bruguiera
and Rhizophora. In plants it activates enzymes and has an important
electrochemical function.

MARKERT (1992) has put total sodium content in world plant biomass at
2.76.1C t. BOWEN (1979 and MARKERT (1992 estimate Na contents in
plants at 35—1000mg.kg * whereas its concentrations in soil are variable.
MARKERT (1993) gives 101 mg.kg™ in P. sylvestris. INNES (1995 has
determined 26—189 mg.kg?' in two-year-old needles of P. abies and
76—1152mg.kg in those of P. sylvestris.

Arithmetic mean of total sodium contents in foliage of all forest tree spe-
cies presented in the Atlas is 42 +41mg.kg ! (median 34 mg.kg*, Tab. 36).
Average sodium content in foliage of individual tree species is as follows
(in mg.kg™): F. sylvatica 59+ 28 (median 52), Q. species 40+21 (median
35), P. abies 32+38(median 26), P. sylvestris 43+57 (median 32) and A.
alba 43+48 (median 36). Exogenic sodium has been detected in 15% of
stomata of analysed foliage of forest tree species.

The map of all forest tree species (A) shows that sodium contents above
100mg.kg* occur in one-third of the Slovak territory. Sodium concentra-
tions exeeded 50 mg.kg* Na only in leaves of F. sylvatica in all investigated
industrial areas.

DISTRIBUCIA SODIKA V LESNYCH DREVINACH DISTRIBUTION OF SODIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodno6t

Number of values 574 126 903 1114 105 178 1430 2331
Aritmeticky priemer v mg.kg ™'

Arithmetic mean in mg.kg™" 58,5 39,8 53,4 32,2 42,7 43,4 34,9 42,0
Smerodajna odchylka

Standard deviation 28,2 20,8 37,6 38,5 57,1 48,3 42.0 41,3
Variacny koeficient

Variation coefficient 48 52 70 119 134 111 120 98
Minimalna hodnota

Minimum value 14,5 17,2 12,9 0,4 8,0 10,5 0,4 0,4
Maximalna hodnota 217,0 136,0 714,0 849,0 570,0 613,0 849,0 849,0
Maximum value ! ! ! ! ' ' ’ '

Median 52,1 34,7 45,4 25,5 31,8 36,1 27,0 33,5
Med|an ’ 3’ ’ ) 1 1 i ’
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NIKEL

Nikel je kov, ktory sa v prirode nachadza v oxidaCnom stave +1, +2a +3.
Viaze sa najmi na siru, arzén a antimon. V horninach (Ni?*) formuje kre-
micitany a sirniky a nahradza horc¢ik a Zelezo v mineralnych mriezkach.
Biologicka uloha niklu nie je dosial znama, ale predpoklada sa jeho ucast
v enzymatickych reakcidch. O jeho esencialite pre baktérie, riasy a vysSie
rastliny sa diskutuje. Pre huby je neesencialny, pre Zivo¢ichy esencialny.
Akumuluje sa v Alyssum bertolini a Alyssum murale, Dicoma ssp., Homalium
ssp., Hybanthus floribundus, Pimela suteri, Planchnela ssp., Psychotria ssp.,
Rinorea bengallensis, Sebertia ssp., Poriferae Dysidea. Znama je jeho in-
terakcia s resorpciou Zeleza. Pri nedostatonom privode tohto prvku nasta-
va redukcia rastu. Nikel vystupuje ako zlozka ureazy a hydrogenazy. Jeho
zlucenina Ni(CO), je vysokotoxicky priemyselny produkt. Znama je karci-
nogenita niklu a to, Ze zapri¢inuje alergicku reakciu koze.

Celkovy obsah niklu vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 2,76.1C t. V pode sa vyskytuje v mnozstve 2— 50 mg.kg™
(MARKERT,1992. BoweN (1979 udava pre rastliny obsah niklu
1-5mgkg?' a MARKERT (1992 hodnoty 0,4—4 mgkg™t. Za hrani¢né
mozno pokladat mnozstvo 1 mgkg? (MANKOVSKA, 1984). BUBLINEC
(1990 uvadza ako pripustné mnozstva pre ihlicnaté a listnaté dreviny
obsah 1—2mg.kg*. MARKERT (1993 pre P. sylvestris 1,40mg.kg .
Aritmeticky priemer celkového obsahu niklu v asimilanych organoch dre-
vin spracovanych v atlase je 3,4+3,3mg.kg? (median 2,4 mg.kg, tab.
37). Priemerny obsah niklu v asimilaénych organoch jednotlivych drevin
v mg.kg* je takyto: F. sylvatica 3,9+ 3,4(median 2,9), Q. species 4,3+3,1
(median 3,5), P. abies 2,6 +2,5(median 2,0), P. sylvestris 3,1 +3,4(median
1,9 a A4. alba 3,8+2,4(median 3,4). Exogénny nikel bol pritomny v 6,8%
prieduchov analyzovanych asimila¢nych organov lesnych drevin.

Obsah niklu vyssi ako 2 mg.kg* je na mape vSetkych drevin zrejmy v oblas-
ti severozapadného, juzného a vychodného Slovenska a viaZze sa na prie-
myselné oblasti aj na horské lesy. Najvyssi obsah celkového niklu v asi-
milaénych organoch F. sylvatica sa vyskytuje v beskydskych horskych
lesoch Kysuc, v Nizkych Tatrach-juh, vo vSetkych priemyselnych arealoch
s vynimkou Hornej Nitry a vojenského priestoru Lest, v organoch Q. spe-
cies, P. sylvestris a A. alba vo vSetkych sledovanych priemyselnych arealoch
a P. abies v horskych lesoch i na strednom SpiSi a v koSickej aglomeracii.
Pravdepodobne to suvisi so spalovanim tazkych olejov.

NICKEL

Nickel is a metallic element which is found in nature in valences +1, +2and
+3. It is naturally combined mainly with sulphur, arsenic and antimony. In
rocks, it forms silicates and sulphides, and substitutes for magnesium and
iron in mineral lattices. Biological role of nickel is unknown for the time
being, but it supposedly participates in enzymatic reactions. Whether or
not the element is essential to bacteria, algae and higher plants is being
debated, but surely it is essential to animals. It accumulates in Alyssum ber-
tolini and Alyssum murale, Dicoma ssp., Homalium ssp., Hybanthus flori-
bundus, Pimela suteri, Planchnela ssp., Psychotria ssp., Rinorea bengallensis,
Sebertia ssp. and Poriferae Dysidea. Nickel interacts with iron resorption. Its
deficiency results in reduced growth. Nickel is a constituent of urease and
hydrogenase. Ni(CQO), is a highly toxic industrial product. The element is
known to cause cancer and skin allergic reaction.

Total nickel content in world plant biomass has been estimated by
MARKERT (1992 at 2.76.1C t. Nickel contents in soil range from 2 to
50 mg.kg* (MARKERT, 1992. BoweN (1979) puts nickel contents in plants
at 1— 5mg.kg* and MARKERT (1992 at 0.4— 4mg.kg*. 1 mg.kg* Ni may
be regarded as a limit value (MANKOVSKA, 1986). BUBLINEC (1990 argues
that permissible concentrations in conifers and deciduous tree species are
1-2mg.kgt. MARKERT (1993 gives 1.40mg.kg* in P. sylvestris.
Arithmetic mean of total nickel contents in foliage of all forest tree species
dealt with in the Atlas amounts 3.4+3.3mg.kg* Ni (median 2.4 mg.kg™,
Tab. 37). Average nickel content in foliage of individual tree species is as
follows (in mg.kg™2): F. sylvatica 3.9+ 3.4(median 2.9), Q. species 4.3+3.1
(median 3.5), P. abies 2.6 £2.5(median 2.0), P. sylvestris 3.1+ 3.4(median
1.9) and 4. alba 3.8 +2.4(median 3.4). Exogenic nickel has been detected
in 6.8% of stomata of analysed foliage of forest tree species.

Associated with industrial areas and mountain forests, nickel contents
above 2 mg.kg* on the Atlas map of all forest tree species occur in north-
western, southern and eastern Slovakia. The highest total nickel content in
leaves of F. sylvatica is found in the mountain forests of Kysuce, Beskydy
and southern Nizke Tatry, and in all industrial areas except in the Upper
Nitra Basin and military area Lest; Q. species, P. sylvestris and A. alba in
all studied industrial areas and P. abies in mountain forests, in central Spi$
and in KoSice metropolitan area. This probably results from burning of
heavy residual oils.

DISTRIBUCIA NIKLU V LESNYCH DREVINACH TAB. 37 DISTRIBUTION OF NICKEL IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 574 126 903 1114 105 178 1430 2331
Aritmeticky priemer v mg.kg ™'

Arithmetic mean in mg.kg™" 3.87 4,28 4,44 2,60 3,06 3,80 2,80 3,44
Smerodajna odchylka

Standard deviation 3,38 3,08 4,06 2,45 3,44 2,38 2,57 3,33
Variacny koeficient

Variation coefficient 87 72 91 94 nz 63 92 97
Minimaina hodnota 0,030 0,220 0,030 0,020 0,080 0,230 0,020 0,020
Minimum value ’ ! ! ! ! ! ’ ’
Maximalna hodnota 26,51 15,33 36,62 27,25 18,80 15,25 27,25 36,60
Maximum value ’ ! ! ! ! ! ’ ’

Median 2,92 3,49 3,33 1,99 1,86 3,44 2,14 2,44
Medlan i) L] y ’ ) ) i) i)
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OLOVO

Olovo je kovovy prvok, ktory sa v prirode nachadza v oxidacnom stave O,
+2 a +4.V horninach je Pb?* pritomné ako PbS a dalSie zluceniny siry,
vyskytuje sa v kremicitanoch, Specialne v Zivcoch, kde nahradza draslik,
stroncium aj vapnik.

Olovo nezohrava nijaku znamu biologicku ulohu a je toxické, teratogénne
a karcinogénne. V biologickych procesoch ma Skodlivy ucinok tym, Ze
nahradza vapnik a Zelezo v organizmoch. Olovo sa akumuluje v Amorpha
canescens, Minuartia verna a v liSajniku Stereocaulan pileatum. Jeho esen-
cialita pre stavovce sa skuma. Vstupuje do prostredia (Coraz va¢Smi pre-
dovsSetkym pouzivanim tetraetylolova ako antidetonatora do benzinov).
Olovo je vo forme PbCOj, pre rastliny toxické v mnozstve 3—20mg.1"%, pre
Cloveka je toxicka denna davka 1 mg.

Celkovy obsah olova vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 1,841.10t. V pode sa nachadza v mnozstve 0,1—200mg.kg*
a v rastlinach 0,1— 5mg.kg* (BoweN, 1979a MARKERT, 1992. Ako pri-
pustné mnozstva z nekontaminovanych oblasti sa uvadzaju hodnoty
1-6mg.kg™* pre jedno- a dvojro¢né smrekové ihli¢ie (VOGEL et al., 1991,
BuBLINEC, 1990; KELLER et al. 1985; KELLER, 1989;PoOLLE et al., 1992;
BEDNAROVA a PospPiSIL, 1985;LIE at al., 1993;HoGAN and WoTTON, 1984;
MANKOVSKA, 1980, 1988Z0L0OTAREVA et al., 1983. V borovicovom ihli¢i
sa zistili hodnoty 0,5—12mg.kg ' (MANKOVSKA, 1980;a ZOLOTAREVA et al.,
1983, MARKERT (1993 udava pre P. sylvestris 4,75 mg.kg™. V bukovom
a dubovom listi literatura uvadza hodnoty 3,9—18mg.kg* (MANKOVSKA,
1980, 1981;KAHLE — BRECKLE, 1986; KELLER, 1986). V priemyselnych
oblastiach sa zistili v asimilaénych organoch hodnoty 5—876mg.Pb kg™
(SWIEBODA, 1980;HOLUB — ZELENAKOVA, 1986;OLEKSYN et al., 1987a KRi-
VAN — SCHALDACH, 1985a 1993; MANKOVSKA, 1984 a na okoli vozoviek
214-1260mg.kg* (KELLER et al., 1985;KELLER, 1989.

Obsah olova sa pohyboval v ihliénatych drevinach od 0,005do 60 mg.kg*
a v listnatych od 0,005do 238 mg.kg™. Za hrani¢nu hodnotu pre olovo
je mozné pokladat 6 mg.kg* (MANKOVSKA, 1980. Najvyssie obsahy Pb
sa na Slovensku namerali na okoli priemyselnych zavodov a pri vozovkach.
Aritmeticky priemer celkového obsahu olova v asimilacnych organoch
vsetkych drevin spracovanych v atlase je 2,4+6,3 mgkg?! (median
1,4mg.kg?, tab. 38). Priemerny obsah olova v asimila¢nych organoch jed-
notlivych drevin v mg.kg ! je takyto: F. sylvatica 3,7 £11,6(median 2,0), Q.
species 1,8 +3,9(median 0,9), P. abies 1,7 +2,7(median 1,2), P. sylvestris
3,7+4,5(median 2,1) a A. alba 2,6+3,1( median 1,9). V prieduchoch
analyzovanych asimilaénych organov tychto drevin nebolo exogénne olovo
pritomné.

Obsah olova vyssi ako 5 mg.kg™ je zachyteny na mape vSetkych drevin
v oblasti stredného a vychodného Slovenska a viaze sa na priemyselné
oblasti. Tato koncentracia olova je prekroCena v asimilacnych organoch
F. sylvatica na strednom Spisi, Q. species v Ziarskej kotline a na Hornej
Nitre a P. sylvestris na strednom Spisi.

LEAD

Lead is a metallic element which occurs in nature in valences 0, +2and +4.
In rocks, Pb?* is found as PbS and other sulphur compounds, and in sili-
cates, mostly in feldspars where it substitutes for potassium, strontium and
calcium.

Lead has no known biological role; is toxic, teratogenic and carcinogenic.
It is noxious in biological processes as it replaces calcium and iron in orga-
nisms. Lead accumulates in Amorpha canescens, Minuartia verna and in
lichen Stereocaulan pileatum. Whether or not it is an essential element in
vertebrates is being investigated. Pb concentrations in the environment
increase largely through the use of tetraethyllead as a gasoline antideto-
nant. Lead in the form of PbCO; is toxic to plants in concentrations
3—-20mg/l. A toxic amount to humans is 1 mg a day.

Total lead content in world plant biomass has been estimated by MARKERT
(1992 at 1.841.10 t. Its concentrations in soil are 0.1—200mg.kg* and
in plants 0.1— 5 mg.kg™* (BoweN, 1979 and MARKERT, 1992. Several
authors put permissible amounts in one- and two-year-old spruce needles
in uncontaminated areas at 1—6 mgkg? Pb (VOoGEL et al., 1991;
BUBLINEC, 1990;KELLER et al., 1985;KELLER, 1989;PoOLLE et al., 1992;
BEDNAROVA and PospiSiL, 1985; LANDOLT et al.,, 1989; HoGAN and
WoTtTON, 1984: MANKOVSKA, 1977, 1988:KRAUSE and PriNnz, 1989:;
ZOLOTAREVA et al., 1983. Values from 0.5to 12 mg.kg* have been deter-
mined in pine needles (MaNKOvsSKA, 1980; DMucHowsKl and MOLSKI,
1984;Z0LOTAREVA et al., 1983. MARKERT (1993 gives 4.75mg.kg* in P.
sylvestris. 3.9—18mg.kg ! Pb have been determined in beech and oak lea-
ves (MANKOVSKA, 1977, 1980, 198IKAHLE and BRECKLE, 1986; KELLER,
1986). Pb contents in foliage in industrial areas range from 5to 876 mg.kg™*
(SWIEBODA, 1980;HoLuB and ZELENAKOVA, 1986; OLEKSYN et al., 1987;
KRIVAN and SCHALDACH, 1985; MANKOVSKA, 1984) and in the vicinity of
highways from 214-—1260mg.kg* (MANKOVSKA, 1977; KELLER et al.
1985;KELLER, 1989.

Lead contents in conifers vary from 0.005to 60 mg.kg * and in deciduous tree
species from 0.005to 238 mg.kg 1. 6 mg.kg* Pb may be considered as a limit
value (MANKOVSKA, 1986). The highest Pb contents occur around industrial
plants and near roads. Arithmetic mean of total lead contents in foliage of all
forest tree species discussed in the Atlas is 2.4+6.3 mgkg™? (median
1.4mg.kg*, Tab. 38). Average lead contents in foliage of individual forest tree
species are as follows (in mg.kg™?): F. sylvatica 3.7 +11.6(median 2.0), Q. spe-
cies 1.8+3.9 (median 0.9), P. abies 1.7+2.7 (median 1.2), P. sylvestris
3.7x4.5(median 2.1) and A. alba 2.6 +3.1(median 1.9). Exogenic lead has
not been detected in stomata of analysed foliage of forest tree species.

The map of all tree species in the Atlas shows that lead contents exceed
5 mg.kg? in industrial areas in central and eastern Slovakia. Higher lead
contents have been determined in leaves of F. sylvatica in central Spis,
Q. species in the Ziar and Upper Nitra basins, and P. sylvestris in central
Spis.

DISTRIBUCIA OLOVA V LESNYCH DREVINACH TAB. 38 DISTRIBUTION OF LEAD IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 571 124 898 1102 104 176 1414 2310
Aritmeticky priemer v mg.kg ™'

Arithmetic mean in mg.kg™" 3,66 1,80 3,06 1,73 3,68 2,61 2,01 2,42
Smerodajna odchylka

Standard deviation 11,30 3,85 9,39 2,70 4,48 3,06 2,96 6,31
Variacny koeficient 308 214 307 156 122 117 147 261

Variation coefficient

Minimalna hodnota 0,010 0,058 0,005 0,010 0,005 0,010 0,005 0,005
Minimum value ! ! ! ! ! ’ ’ !
Maximalna hodnota

Maximum value 237,6 30,9 237,6 59,7 26,4 26,9 59,7 238,0
Median 2,04 0,93 1,70 1,23 2,10 1,85 1,34 1,44
Medlan y y y ] ) 1 i) )
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RUBIDIUM

Rubidium sa podobne ako alkalické kovy litium, sodik, draslik a cézium
nachadza v prirode v oxidacnom stave +1. V geologickych procesoch sa
sprava ako draslik a cézium. Nahradza draslik v Zivcoch. Neplni nijaku bio-
logicku ulohu a nie je toxické. Draslik nahradza, ale bez jeho fyziologické-
ho ucinku.

Celkovy obsah rubidia vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 9,2.10 t. BoweN (1979 a MARKERT (1992 uvadzaju obsah
v pode 10—100mg.kg?, v rastlinach 1— 50mg.kg . MARKERT (1993 v P.
sylvestris zistil obsah tohto prvku 8,1 mg.kg™?, TOBLER et al. (1994) v P.
abies 4,73—134mg kg .

Aritmeticky priemer celkového obsahu rubidia v asimilacnych organoch
drevin spracovanych v atlase je 10,8+11,5mg.kg™! (median 7,2 mg.kg™,
tab. 39). Priemerny obsah rubidia v asimilacnych organoch jednotlivych
drevin v mg.kg™? je takyto: F. sylvatica 14,3 +15,3(median 9,2), Q. species
10,5+7,5 (median 8,3), P. abies 10,2+10,0(median 7,0), P. sylvestris
6,0+5,0(median 4,2) a A. alba 6,1+7,3(median 3,7). Na povrchu ana-
lyzovanych asimila¢nych organov nebolo exogénne rubidium pritomné.
Na mape vsetkych drevin je obsah rubidia vyssi ako 20 mg.kg* vyznaceny
na strednom Slovensku. Tato koncentracia je prekroCena v asimilaénych
organoch F. sylvatica v Ziarskej kotline a na Hornej Nitre; pri P. abies
v oblasti magnezitovych zavodov Lubenik a JelSava a pri A. alba v oblasti
Ziarskej kotliny.

RUBIDIUM

Like the alkali metals (lithium, sodium, potassium and caesium), rubidium
occurs in nature in valence +1.In geological processes the element behaves
like potassium and caesium. It replaces potassium in feldspars. Rubidium
has no biologic functions and is not toxic. It is similar to potassium which
it replaces but does not have potassium’s physiological properties.
MARKERT (1992 has put rubidium content in world plant biomass at
9.2.10 t. According to BOwWEN (1979 and MARKERT (1992), soil contains
10-100mg.kg™* Rb and plants 1 —50 mg.kg*. MARKERT (1993 gives
8.1 mgkg? in P. sylvestris. TOBLER et al. (1994 have determined
4.73—134mg.kg ™ Rb in P. abies.

Arithmetic mean of total rubidium contents in foliage of all forest tree spe-
cies dealt with in the Atlas is 10.8+11.5mg.kg* (median 7.2 mg.kg™, Tab.
39). Average rubidium contents in foliage of individual tree species are as fol-
lows (in mg.kg™): F. sylvatica 14.3+15.3(median 9.2), Q. species 10.5+7.5
(median 8.3), P. abies 10.2+10.0(median 7.0), P. sylvestris 6.0+£5.0(median
4.2) and A. alba 6.1x7.3(median 3.7). Exogenic rubidium has not been
detected on the stomata of analysed foliage of forest tree species.

The map of all tree species in the Atlas reveals that rubidium contents over
20 mg.kg* are found in central Slovakia. Concentrations above 20 mg.kg*
Rb have been determined in leaves of F. sylvatica in the Ziar and Upper
Nitra basins, in P. abies near magnesite plants at Lubenik and JelSava, and
in A. alba in the Ziar Basin.

DISTRIBUCIA RUBIDIA V LESNYCH DREVINACH TAB. 39 DISTRIBUTION OF RUBIDIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodno6t

Number of values 573 126 902 1114 105 178 1430 2330
Aritmeticky priemer v mg.kg™

Arithmetic mean in mg.kg™’ 14,3 10,5 13,1 10,2 6,0 6,1 9,3 10,8
Smerodajna odchylka

Standard deviation 153 7,5 13,7 10,0 5,0 7,3 9,5 11,5
Variacny koeficient

Variation coefficient 108 72 105 98 84 119 102 106
Minimalna hodnota

Minimum value 0,66 0,95 0,66 0,33 1,00 0,32 0,32 0,32
Maximalna hodnota

Maximum value 161,1 42,1 161,1 88,9 25,0 44,3 88,9 161,0
Median 9,17 8,31 8,70 6,96 4,24 3,72 6,03 7,19
Medlan y y ) y 1l 1 i) ]
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SiRA

Sira ma nekovovy charakter a v prirode sa nachadza v oxidacnom stave -2,
+3, +4, +5a +6. Najrozsirenejsi je stav -2, v ktorom tvori sirniky, a +6, kde
tvori sirany. Sira je esencialny prvok pre vSetky organizmy a zucastiiuje sa
na tvorbe bielkovin. Jej ekotoxicka forma je SOZ a HSO,. Akumuluje sa
v jednotlivych rastlinach Cruciferae, Alium ssp., v sirovych baktériach, v chl-
poch stavovcov a v peri. Je sucastou aminokyselin (cystein a methionin),
koenzymov, mukopolysacharidovych kyselin a esterov kyseliny sirove;j.
Pripadny nedostatok siry sa prejavuje vel'mi podobne ako nedostatok dusi-
ka, teda medzirebrovou chlorézou mladych listov a Zltnutim asimila¢nych
organov. Znamy je pomerne vysoky obsah tohto prvku v podach. Vyznam-
ny je vplyv antropogénnych emisii SO, na novodobé posSkodenie lesa
a podnu acidifikaciu.

Celkovy obsah siry vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 5,523.10° t. BoweN (1979 udava pre rastliny hodnoty
1000—9000mg.kg*. BUBLINEC (1990) a CLEMENT (1985 pokladaju za
dostatoény obsah pre smrek hodnoty 1100—180Qng.kg?, pre buk a dub
1000-2000mg.kg™*. INNES (1995 zistil v dvojroénom ihli¢i P. abies
hodnoty 750—1620mg.kg™* a v P. sylvestris 970—1950mg.kg*. Vyssie
hodnoty treba hodnotif ako neziadice. MATERNA — MEIJSTRIK (1987)
uvadzaju, Ze obsahy siry v ihli¢i smreka sa pohybuju v rozpiti
800—-1000mg.kg*, ¢o sa zhoduje s nasimi udajmi (MANKOVSKA, 1988).
V imisnych oblastiach hladina siry v ihli¢i vyrazne stupa aZ na
5000mg kg v susine jednoroéného ihli¢ia, ¢o uz posobi nepriaznivo.
Aritmeticky priemer celkového obsahu siry v asimilacnych organoch vSet-
kych drevin spracovanych v atlase je 2163+1056 mg.kg?' (median
1910mg.kg?, tab. 40). Priemerny obsah siry v asimilaénych organoch jed-
notlivych drevin v mg.kgt je takyto: F. sylvatica 2242 +923(median
2090, Q. species 2236+1088(median 2120), P. abies 1959 +851(me-
dian 1750), P. sylvestris 1952+101Q(median 1730) a 4. alba 2203+943
(median 1940). Exogénna sira bola zistena na povrchu 0,4% analyzova-
nych asimilaénych organov lesnych drevin. Udaje o celkovej sire v asimi-
lacnych organoch lesnych drevin su vSak prekvapivo vysoké v porovnani
s nasimi udajmi z roku 1975(MANKOVSKA, 1988). Potvrdzuju vyrazné roz-
Sirenie vplyvu oxidov siry na celom uzemi Slovenska.

Na mape vSetkych drevin je zrejmy obsah celkovej siry vySsi ako
1000mg.kg™* na viac ako Styroch pitinach uzemia Slovenska. Tato kon-
centracia je prekrocena vo vSetkych drevinach v priemyselnych arealoch,
vo vojenskom priestore LeSt a v piatich vybranych horskych lesoch.

SULPHUR

Sulphur is a nonmetallic element which naturally occurs in valences -2,
+3, +4, +5and +6. The most widespread states are -2 (sulphides) and +6
(sulphates). Essential element to all organisms, sulphur is a constituent
in proteins. Its ecotoxic forms are SO3” and HSO;. The element accumu-
lates in plants Cruciferae, Alium ssp., in sulphur bacteria, vertebrate hair
and feathers. Sulphur is a constituent of amino acids (cysteine and
methionine), coenzymes, mucopolysaccharide acids and sulpuric-acid
esters. Its deficiency very much resembles the deficiency of nitrogen as it
gives rise to interrib chlorosis of young leaves and yellowing of leaves. It
is sometimes found in high quantities in soil (gypsum). Man-made SO,
emisions cause considerable forest damages and soil acidification.

Total sulphur content in world plant biomass has been estimated by
MARKERT (1992 at 5.523.10° t. According to BowEN (1979), plants
contain 1 000— 9 000ng.kg* S. BUBLINEC (1990) and CLEMENT (1985
maintain that a sufficient content in spruce is 1100—1800mg.kg™* S
and in oak and beech 1000—2000mg.kgt. INNES has determined
750-1620mg.kg-1 S in two-year-old needles of P. abies and
970—-1950mg.kg ! in those of P. sylvestris. Higher values should be con-
sidered undesirable. MATERNA and MEJSTRIK (1987) put sulphur conte-
nts in spruce needles at 800—1 000mg.kg ! which well agrees with our
data (MANKOVSKA, 1988. In imission areas, sulphur levels in needles
are considerably increased to as much as 5000mg.kg* S in dried one-
year-old needles, an amount which has adverse impact.

Arithmetic mean of total sulphur contents in foliage of all forest tree spe-
cies in the Atlas is 2163 +1056mg.kg* (median 1910mg.kgt, Tab. 40).
Average sulphur contents in foliage of individual tree species are as follows
(in mg.kg™Y): F. sylvatica 2242 +923(median 2090), Q. species 2236+
1088 (median 2120), P. abies 1959+851 (median 1750), P. sylvestris
1952+101Qmedian 1 730) and 4. alba 2203 £943(median 1 940). Exo-
genic sulphur has been found on 0.4% of the stomata of analysed foliage of
forest tree species. The determined data on total sulphur concentrations in
foliage of forest tree species are surprisingly high in comparison with our
data from 1975 (MANKOVSKA, 1988. They confirm increasing impact of
sulphur oxides throughout Slovakia’s territory.

The map of all forest tree species in the Atlas shows that total sulphur con-
tents exceed 1000mg.kg™* in more than 80% of the Slovak territory. Still
higher values have been determined in all woody plants growing in all
industrial areas, military area Lest and five selected mountain forests.

DISTRIBUCIA SiRY V LESNYCH DREVINACH TAB. 40 DISTRIBUTION OF SULPHUR IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodno6t

Number of values 578 127 909 1122 105 177 1437 2320
Aritmeticky priemer v mg.kg ™'

Arithmetic mean in mg.kg™" 22420 2236,0 2401,0 1959,0 1952,0 2203,0 2007,0 2163,0
Smerodajna odchylka

Standard deviation 923,0 1088,0 1193,0 851,0 1010,0 943,0 923,0 1056,0
Variacny koeficient

Variation coefficient 41 49 50 43 52 43 46 49
Minimalna hodnota 720,0 770,0 440,0 550,0 610,0 690,0 550,0 440,0
Minimum value ’ ’ ’ ’ ’ ’ ’ ’
Maximalna hodnota

Maximum value 7070,0 6460,0 9660,0 11400,0 5320,0 5930,0 11400,0 11400,0
Median

Median 2090,0 2120,0 2190,0 1750,0 1730,0 1940,0 1770,0 1910,0
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SELEN

Selén patri medzi prechodné prvky a vyskytuje sa ako 27, 4*, 6*-mocny.
V stopach je pritomny v mnohych prirodnych sirnikoch, napr. v pyrite,
chalkopyrite a sfalerite. Pri praZeni tychto sirnikov sa dostava do tzv. po-
lietavého prachu a obohacuje ho.

Selén je pre baktérie, riasy a huby neesencialny. O jeho esencialite pre vys-
Sie rastliny sa zatial' diskutuje a pre zivocCichov je esencidlny. Akumuluje sa
v hubach, napr. Boletus edulis, v jednotlivych druhoch Compositae, Lecy-
thidaceaea, Leguminosae (Astragalus) a Rubiaceae. Je sucastou glutationo-
vej peroxidazy. Nedostatok selénu sposobuje peroxidaciu lipidov, ende-
micku kardiomyopathiu a hemolyzu u ZivoCichov i u ¢loveka. Seleni¢nany
a selenaty su vel'mi toxické. Toxicita As, Hg, Cd, Tl a NOj sa vSak reduku-
je, ked sa podava zaroven aj selén. Toxicky ucinok vyvolava nahrada siry
selénom v aminokyselinach.

Odhad celkového obsahu selénu vo svetovej rastlinnej biomase je
3,682.10%t za rok (MARKERT, 1995). BOWEN (1979 a MARKERT (1992
udavaju pre podu hodnotu 0,01 mg.kg? a pre rastliny hodnoty
0,01-0,05mg.kg?. Selén v prirode sprevadza siru. Obsah selénu 0,03
treba pokladat za hrani¢nu hodnotu (MARKERT, 1993.

Aritmeticky priemer celkového obsahu selénu v asimilaCnych organoch
vsetkych drevin spracovanych v atlase je 0,06+0,15mg.kg™* (median
0,04 mg.kg™, tab. 41). Priemerny obsah selénu v asimilacnych organoch
jednotlivych drevin predstavuje v mg.kg™: F. sylvatica 0,06 +0,04(median
0,05), 0. species 0,05+0,05(median 0,04), P. abies 0,05+0,20(median
0,04, P. sylvestris 0,07 £0,05(median 0,06) a A. alba 0,07 +£0,07(median
0,05). V prieduchoch analyzovanych asimila¢nych organov lesnych drevin
nebol pritomny exogénny selén.

Podla mapy vsetkych drevin sa obsah selénu vyssi ako 0,05mg.kg ! vysky-
tuje asi na polovici uzemia Slovenska. Hodnoty vysSie ako tato koncentra-
cia sa v asimilacnych organoch F. sylvatica zistili predovSetkym na stred-
nom Spisi, v Ziarskej kotline, na Hornej Nitre a vo vojenskom priestore
Lest. V pripade P. abies sa vySSia koncentracia vyskytuje na strednom Spisi,
pri P. sylvestris v koSickej aglomeracii a na strednom SpiSi, a pri 4. alba na
strednom Spisi a v Ziarskej kotline.

SELENIUM

Selenium is a transient, 2°, 4" and 6* valent element. Traces of selenium
occur in a variety of natural sulphides, such as pyrite, chalcopyrite and
sphalerite. When roasted, the sulphides release selenium in the form of
solid emissions which are considerably enriched in Se. The element is not
essential to bacteria, algae and fungi. On the other hand it is essential to
animals, and its importance for higher plants is being discussed. It is amas-
sed by fungi, such as Boletus edulis, and in species Compositae, Le-
cythidaceae, Leguminosae (Astragalus) and Rubiaceae. Selenium is a cons-
tituent of glutathione peroxidase. Selenium deficiency causes lipide peroxi-
dation, endemic cardiomyopathy and hemolysis of animals and humans.
Selenites and selenates are highly toxic. Selenium reduces the toxicity of
As, Hg, Cd, Tl and NO; when it is consumed at the same time. The sub-
stitution of selenium for sulphur in aminoacids has toxic effects.

Total selenium content in world plant biomass has been estimated at
3.682.10%t (MARKERT, 1995. According to BOWEN (1979 and MARKERT
(1992, soil contains 0.01 mg.kg* Se and plants 0.01— 0.05mg.kg™ Se.
Selenium accompanies sulphur in nature. 0.03mg.kg* Se should be con-
sidered as a limit value (MARKERT, 1993.

Arithmetic mean of the total selenium content in foliage of all forest tree
species in the Atlas is 0.06+0.15mg.kg* (median 0.04mg.kg !, Tab. 41).
Average selenium contents in foliage of individual tree species are as fol-
lows (in mg.kg™?): F. sylvatica 0.06+0.04 (median 0.05), Q. species
0.05+£0.05(median 0.04), P. abies 0.05+£0.20(median 0.04), P. sylvestris
0.07 £0.05median 0.06) and 4. alba 0.07 £0.07(median 0.05). Exogenic
selenium has not been detected in stomata of analysed foliage of forest tree
species.

Selenium content on the map of all forest tree species in the Atlas exceeds
0.05mg.kg™ in approximately one half of the Slovak territory. Total sele-
nium contents above 0.05mg.kg* have been detected mainly in leaves of
F. sylvatica in central Spis, Ziar and Upper Nitra basins and in military area
Lest; in those of P.abies in central SpiS; P. sylvestris in central Spi§ and
Kosice metropolitan area; and in 4. alba in central Spi§ and Ziar Basin.
Selenium distribution in forest tree species.

DISTRIBUCIA SELENU V LESNYCH DREVINACH TAB. 41 DISTRIBUTION OF SELENIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét
Number of values 536 126 865 983 96 171 1283 2146
Aritmeticky priemer v mg kg™ 0,058 0,053 0,059 0,048 0,069 0,074 0,055 0,060
Arithmetic mean in mg.kg™" ’ ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka
Standard deviation 0,043 0,047 0,062 0,203 0,046 0,068 0,182 0,150
Variacny koeficient
Variation coefficient 7 o1 104 428 66 93 333 258
Minimalna hodnota

- 0,0003 0,0010 0,0003 0,0010 0,0030 0,0010 0,0010 0,0003
Minimum value
Maximalna hodnota 0,480 0,310 1,301 6,340 0,256 0,500 6,340 6,340
Maximum value ’ ’ ! ! ’ ! ! !
Median
Median 0,055 0,044 0,053 0,035 0,058 0,052 0,039 0,040
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STRONCIUM

Stroncium, podobne ako dalSie kovy alkalickych zemin (barium, horcik
a vapnik) sa v prirode nachadza v oxidacnom stave +2. Takisto vystupuje
ako viazany (napr. ako celestin a strocianit), v horninach nahradza
vapnik, draslik a barium v kryStalickych mrieZkach a je pritomny v horni-
notvornych mineraloch, najviac v draslikovych Zivcoch.

Stroncium je netoxicky prvok s vynimkou jeho radioaktivnej formy *Sr®°.
Pretoze je chemicky pribuzny vapniku, ¢asto ho v biologickych procesoch
nahradza. Akumuluje sa v Protozoa Acanthometra a v hnedych riasach. Zda
sa, Ze stroncium je esencialne pre niektoré organizmy, avsak vyzaduje si to
eSte vyskum. *Sr° je produkt nuklearnych vybuchov a moze byt podobne
ako Ca deponovany do kosti.

Celkovy obsah stroncia vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 9,2.10 t. BoweN (1979 a MARKERT (1992 udavaju pre podu
hodnotu 20—3500mg.kg* a pre rastliny hodnoty 7— 90 mg.kg*, MAR-
KERT (1993 pre P. sylvestris 0,95mg.kg .

Aritmeticky priemer celkového obsahu stroncia v asimilaénych organoch
vsetkych drevin spracovanych v atlase je 25,9+25,6 mg.kg! (median
18,0mg.kg™, tab. 42). Priemerny obsah stroncia v asimilaénych organoch
jednotlivych drevin v mg.kg™? je takyto: F. sylvatica 29,3+20,3(median
25,2), 0. species 21,3+12,7(median 18,0), P. abies 22,7 +23,9(median
15,3), P. sylvestris 9,9+7,6 (median 8,2) a A. alba 19,9+35,4(median
14,4). Exogénne stroncium sa na povrchu analyzovanych asimilaénych
organov lesnych drevin nevyskytovalo.

Z mapy vSetkych drevin vyplyva, Ze zvySeny obsah stroncia sa prejavil na
viacerych lokalitach juZzného a stredného Slovenska. Obsah celkového
stroncia vyssi ako 50 mg.kg* v asimilaénych organoch P. abies bol zazna-
menany v Ziarskej kotline, na Hornej Nitre a vo vojenskom priestore Lest,
v asimilaénych organoch P. sylvestris v Ziarskej kotline.

STRONTIUM

Like other alkali-earth metals (barium, magnesium and calcium), stron-
tium naturally occurs in valence +2. Like them, strontium is also found
combined, e. g. in celestine and strontianite. In rocks it replaces calcium,
barium and potassium in lattices of minerals. In addition, the element is
present in rock-forming minerals, largely in potassic feldspars.

Except for its radioactive form *Sr®, strontium is not toxic. Sr is chemi-
cally allied with calcium which it often replaces in biological processes. It
accumulates in Protozoa Acanthometra and in brown algae. Strontium
appears essential to some organisms, but further research is needed to
prove it. *Sr® is produced by nuclear explosions and may be deposited in
bones like Ca.

Total strontium content in world plant biomass has been estimated by
MARKERT (1992 at 9.2.10 t. BOWEN (1979 and MARKERT (1992 state
that soil contains 20—3500mg.kg* Sr and plants 7— 90mg.kg* Sr. MAR-
KERT (1993 gives for P. sylvestris 0.95mg.kg .

Arithmetic mean of total strontium contents in foliage of all forest tree spe-
cies described in the Atlas amounts to 25.9+25.6 mg.kg?! (median
18.0mg.kg?, Tab. 42). Average strontium content in foliage of individual
tree species is as follows (in mg.kg™?): F. sylvatica 29.3+20.3(median
25.2), 0. species 21.3+12.7(median 18.0), P. abies 22.7 +23.9(median
15.3), P. sylvestris 9.9+7.6 (median 8.2) a A. alba 19.9+35.4(median
14.4). Exogenic strontium has not been detected on the stomata of analy-
sed foliage of forest tree species.

The map of all forest tree species in the Atlas indicates increased strontium
contents in several locations in southern and central Slovakia. Total stron-
tium contents over 50 mg.kg* have beed determined in needles of P. abies
in the Ziar and Upper Nitra basins and in military area Lest, and in those
of P. sylvestris in the Ziar Basin.

DISTRIBUCIA STRONCIA V LESNYCH DREVINACH TAB. 42 DISTRIBUTION OF STRONTIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodno6t

Number of values 573 126 902 1114 105 178 1429 2331
Aritmeticky priemer v mg.kg™

Arithmetic mean in mg.kg™" 29,3 21,3 32,1 22,7 10,0 19,9 21,9 25,9
Smerodajna odchylka

Standard deviation 20,3 12,7 23,5 23,9 7,6 35,4 26,1 25,6
Variacny koeficient

Variation coefficient 69 60 73 105 77 178 19 9
Minimalna hodnota

Minimum value 1,40 4,61 1,40 1,81 0,33 2,18 0,33 0,33
Maximalna hodnota

Maximum value 114,9 64,6 152,4 219,4 50,2 359,6 359,6 360,0
Median 25,2 18,0 25,9 15,3 8,2 14,4 14,6 18,0
Medlan ] ] ) ) ] i) i) 1
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VANAD

Vanad je kov, ktory sa v prirode nachadza v oxidaénom stave +2, +3, +4
a +5. Vanad je sice v zemskej kore dost rozsireny, vyskytuje sa vSak vel'mi
zriedka vo va¢Som mnozstve. V horninach V3* nahradza zZelezo. Je esen-
cialny pre riasy, vysSie rastliny a zivoc¢ichy, ale nehra Ziadnu biologicku
ulohu v Zivote baktérii a hub. Vanad je pre rastliny toxicky vo forme H,VO,
a HVO? v koncentracii 10— 40mg.1 "X, Akumuluje sa v hubach Amanita mus-
caria, Astragalus confertiflorus a Ascidians. Inhibuje syntézu chlorofylu. Jeho
pripadny nedostatok sposobuje redukciu rastu, zmeny v metabolizme lipi-
dov a poruchy urodnosti. Vysoké mnozstvo tohto prvku obsahuju morské
uhorky. Niektoré druhy Ascidians maja komplex bielkovinového vanadu via-
zany v krvi. Zakladna funkcia vanadu zostava vSak nejasna.

Celkovy obsah vanadu vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 9,2.10" t. BOwEN (1979 a MARKERT (1992 udavaju pre podu
hodnotu 10—100mg.kg™ a pre rastliny 0,001— 0,5mg.kg !, MARKERT
(1993 pre P. sylvestris 0,65mg.kg .

Aritmeticky priemer celkového obsahu vanadu v asimilaénych organoch
vsetkych drevin spracovanych v atlase je 0,8+2,7 mgkg? (median
0,3 mg.kg™, tab. 43). Priemerny obsah vanadu v asimilaénych organoch
jednotlivych drevin v mg.kg? je takyto: F. sylvatica 0,7 +2,2(median 0,3),
0. species 0,4+ 1,1(median 0,3), P. abies 0,9+ 3,2(median 0,2), P. sylves-
tris 1,0+ 2,1(median 0,3) a 4. alba 1,0 +4,4(median 0,3). Exogénny vanad
bol pritomny v 16,1% prieduchov analyzovanych asimilacnych organov les-
nych drevin.

Na mape vSetkych drevin je zvySeny obsah vanadu vyznaceny na viacerych
lokalitach stredného a vychodného Slovenska. Obsah celkového vanadu
vy$si ako 0,8 mg.kg* v asimilaGnych organoch P. abies bol zisteny v oblas-
ti magnezitovych zavodov v Lubeniku a JelSave, na strednom SpiSi a vo
Vysokych Tatrach; v organoch F. sylvatica, P. sylvestris a A. alba v oblasti
magnezitovych zavodov v Lubeniku a JelSave a na strednom Spisi.

VANADIUM

Vanadium is found in nature in valences +2, +3, +4and +5. Though fair-
ly widely distributed in the earth’s crust, it is rarely found in larger quan-
tities. V3* substitutes for iron in rocks. Vanadium is an essential element
to algae, higher plants and animals, but has no biological function in bac-
teria and fungi. H,VO; and HVOZ? in concentration P: 10— 40mg/l are
toxic to plants. The element accumulates in fungi Amanita muscaria,
Astragalus confertiflorus and Ascidians. Vanadiuum inhibits chlorophyll
synthesis. Its deficiency leads to stunted growth, changes in lipide meta-
bolism and eventually lower crop. Marine cucumbers contain much vana-
dium. Blood of some species of Ascidians contains vanadium protein com-
plex. The basic function of vanadium remains unclear.

Total vanadium content in world plant biomass has been estimated by
MARKERT (1992 at 9.2.10* t. According to BOWEN (1979 and MARKERT
(1992, vanadium concentrations in soil are 10—100mg.kg* and in plants
0.001- 0.5mg.kg™?, and according to MARKERT (1993 those in P. sylvestris
are 0.65mg.kg™.

Arithmetic mean of total vanadium contents in foliage of all forest tree spe-
cies dealt with in the Atlas is 0.8+2.7mg.kg* (median 0,3 mg.kg™, Tab.
43). Average vanadium contents in foliage of individual species are as fol-
lows (in mg.kg™): F. sylvatica 0.7 £2.2 (median 0.3), Q. species 0.4+1.1
(median 0.3), P. abies 0.9 +3.2(median 0.2), P. sylvestris 1.0+ 2.1(median
0.3) and 4. alba 1.0+4.4(median 0.3). Exogenic vanadium has been pre-
sent in 16.1% of stomata in analysed foliage of forest tree species.

The map of all forest tree species in the Atlas shows increased vanadium
concentrations in several locations in central and eastern Slovakia. Total
vanadium contents exceed 0.8 mg.kg* in needles of P. abies in the vicinity
of magnesite plants at Lubenik and JelSava, in central Spi§ and Vysoké
Tatry, and in those of F. sylvatica, P. sylvestris and A. alba near magnesite
plants at Lubenik and JelSava as well as in central Spis.

DISTRIBUCIA VANADU V LESNYCH DREVINACH TAB. 43 DISTRIBUTION OF VANADIUM IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 539 126 866 979 96 171 1279 2143
Aritmeticky priemer v mg.kg™ 0,721 0,442 0,617 0,937 0,977 1,032 0,945 0,813
Arithmetic mean in mg.kg™" ! ’ ’ ’ ’ ’ ’ ’
Smerodajna odchylka

Standard deviation 2,188 1,104 1,796 3,204 4,194 2,099 3,129 2,677
Variacny koeficient 304 250 201 342 429 203 331 329

Variation coefficient

Minimaina hodnota 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001
Minimum value ! ! ! ! ! ’ ’ !
Maximalna hodnota

Maximum value 38,1 11,9 38,1 46,9 40,5 15,5 46,9 47,0
Median 0,310 0,272 0,299 0,225 0,307 0,317 0,242 0,267
Medlan ] ] ’ ’ y ) i) ’
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ZINOK

Zinok je kov, ktory sa v prirode nachadza v oxidacnom stave +2. V horni-
nach je najcastejSie pritomny v kryStalickych mriezkach kremicitanov, kde
nahradza Zelezo a horCik, dalej ako sfalerit (ZnO) a dalSie sirniky pre-
dovsetkym Zeleza.

Zinok je pre vSetky organizmy esencialny. Pre rastliny je toxicky vo forme
Zn?*, ZnOH* a ZnCO, v koncentracii 60— 400mg.1", pre ¢loveka v kon-
centracii 150— 600mg.1 . Je karcinogénny. Akumuluje sa v Armeria mari-
tima subs. halleri, Minuartia verna, Silene vulgaris, Thaspi alpestre a Viola tri-
color var. calaminaria. Zinok sa zucastiiuje na tvorbe chlorofylu a je aktivi-
zatorom enzymov, dehydrogenazy, degradacie bielkovin a tvorby rastovych
latok. Jeho nedostatok inhibuje rast, spdsobuje bledozelené sfarbenie star-
$ich asimila¢nych organov a narusa fruktifikadciu. Medzi toxické symptomy
zinku patri narusenie sexualneho vyvoja, poSkodenie koze a Sedivenie vla-
sov. Na podach bohatych na zinok sa vyskytuje $pecialny typ flory (cala-
mine flora).

Celkovy obsah zinku vo svetovej rastlinnej biomase odhaduje MARKERT
(1992 na 9,2.10 t. BoweN (1979 a MARKERT (1992 udavaju obsah
zinku v pode od 3 do 300mg.kg * a v rastlinich od 15do 150mg.kg . Podla
BERGMANA (1986) je optimalna hodnota 16—38mg.kg, BUBLINEC (1990
uvadza pre ihliénany pripustné hodnoty 15— 80mg Zn.kg™ a pre listnaté
druhy 20— 80mg Zn.kg . KAUPENJOHAN et al. (1989 zistili v smrekovom
ihli¢i hodnoty 20 mg Zn.kg™* a v bukovom listi 30 mg Zn.kg*. MATERNA
(1984 uvadza ako hrani¢nu hodnotu obsah 19 mg.kg™>. BoweN (1979
udava hodnoty 20— 400 mg.kg? a MARKERT (1993 pre P. sylvestris
53 mg.kg 2. INNES (1995) zistil v dvojro¢nom ihli¢i P. abies 25— 55mg. kg
av P. sylvestris 27— 68mg.kg ™.

Aritmeticky priemer celkového obsahu zinku v asimila¢nych organoch vset-
kych drevin spracovanych v atlase je 43+35mg.kg* (median 36 mg.kg™,
tab. 44). Priemerny obsah zinku v asimila¢nych organoch jednotlivych dre-
vin v mg.kg* je takyto: F. sylvatica 41 +46(median 33), Q. species 26 +22
(median 21), P. abies 42 + 21 (median 38), P. sylvestris 58 = 44(median 49)
a A. alba 57 £38 (median 47). Exogénny zinok bol pritomny v 2,6% prie-
duchov analyzovanych asimilaénych organov lesnych drevin.

Na mape vSetkych drevin je zachytené, Ze obsah zinku vyssi ako 45 mg.kg"
1 sa prejavil na polovici uzemia Slovenska. VysSia koncentracia sa vyskytla
v pripade P. abies na Hornej Nitre, v Ziarskej kotline, v oblasti Lubenik
— JelSava a na juhu Nizkych Tatier. Na strednom SpiSi tuto koncentraciu
prekroc€il Q. species, F. sylvatica, P. sylvestris a A. alba.

ZINC

Zinc is a metallic element which naturally occurs in valence +2. In rocks,
it is largely found in the lattices of silicates where it replaces iron and ma-
gnesium as well as in sphalerite (ZnS) and other sulphides, mainly ferrugi-
nous ones.

Zinc is essential to all organisms. Zn?*, ZnOH"* and ZnCOj; in concentra-
tions 60— 400mg/1 are toxic to plants. Zinc is carcinogenic and its con-
centrations is 150 — 600mg/1 are toxic to humans. It is amassed by Armeria
maritima subs. halleri, Minuartia verna, Silene vulgaris, Thaspi alpestre and
Viola tricolor var. calaminaria. The element is a constituent of chlorophyll,
activates enzymes, takes part in dehydrogenase, protein degradation and
formation of growth agents. Deficiency of zinc inhibits growth, causes pale-
green coloration of older leaves and disturbs fructification. The ele-
ment’s toxic symptoms include disturbed sexual development, impaired
skin and graying hair. Soils rich in zinc support a special kind of flora (so-
called calamine flora).

Total zinc content in world plant biomass has been estimated by MARKERT
(1992 at 9.2.10 t. According to BoweN (1979 and MARKERT (1992), soil
contains 3—300 mg.kg* Zn and plants 15—-150 mg.kg? Zn. BERGMAN
(1986) puts the optimum concentration at 16—38mg.kg™ Zn, while BUs-
LINEC (1990 argues that permissible values for conifers are 15—80mg.kg™
Zn and for deciduous species 20— 80mg.kg* Zn. KAUPENJOHAN et al. (1989)
has determined 20 mg.kg* Zn in spruce needles and 30 mg.kg* Zn in beech
leaves. MATERNA (1989) puts a limit content at 19mg.kg* Zn. BoweN (1979
gives 20— 400mg.kg™* Zn and MARKERT (1993 for P. sylvestris 53 mg.kg™
Zn. INNES (1995) has determined 25— 55mg.kg* Zn in two-year-old needles
of P. abies and 27— 68mg.kg™ Zn in those of P. sylvestris.

Arithmetic mean of total zinc contents in foliage of all forest tree species
mentioned in the Atlas is 43 +35mg.kg ! (median 36 mg.kg* Zn, Tab. 44).
Average zinc content in foliage of individual tree species is as follows
(in mg.kg™): F. sylvatica 41 +46 (median 33), Q. species 26 +22 (median
21), P. abies 42+21 (median 38), P. sylvestris 58 + 44 (median 49) and 4.
alba 57 +38(median 47). Exogenic zinc has been detected in 2.6% of sto-
mata in analysed foliage of forest tree species.

The map of all forest tree species in the Atlas discloses that zinc contents
exceed 45 mg.kgtin one half of Slovakia’s territory. Still higher concent-
rations have been detected in P. abies in the Upper Nitra and Ziar basins,
in the Lubenik-JelSava area and in southern Nizke Tatry as well as in Q.
species, F. sylvatica, P. sylvestris and A. alba in central Spis.

DISTRIBUCIA ZINKU V LESNYCH DREVINACH TAB. 44 DISTRIBUTION OF ZINC IN FOREST TREE SPECIES
Statistické charakteristiky Fagus Quercus Listnaté spolu Picea Pinus Abies Ihlicnaté spolu Vsetky dreviny spolu
Statistical characteristics sylvatica L. species Total deciduous abies Karst. sylvestris L. alba L. Total conifers Total all trees
Pocet hodnét

Number of values 574 126 903 1114 105 178 1430 2331
Aritmeticky priemer v mg.kg ™'

Arithmetic mean in mg.kg™’ 41,0 256 38,4 42,3 57,7 56,9 45,4 42,7
Smerodajna odchylka

Standard deviation 46,5 21,7 44,5 21,3 43,8 37,5 26,9 34,9
Variacny koeficient

Variation coefficient 114 85 116 50 6 66 %9 82
Minimalna hodnota

Minimum value 12,01 10,12 7,55 4,01 4,41 16,85 4,01 4,01
Maximalna hodnota 691,0 171,0 691,0 231,0 413,0 403,0 413,0 691,0
Maximum value ’ ! ! ’ ! ! ’ ’

Median 32,8 21,2 30,5 38,0 49,4 46,8 40,3 35,8
Medlan ] ) ’ 1 ] ] i) 1
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