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

Nenahraditel'nu ulohu pri rieSeni problémov Zivotného prostredia plni geo-
légia. Vyplyva to z toho, Ze prirodné prostredie ako subsystém zivotného
prostredia je v rozhodujucej miere determinované geologickym prostredim.
Pritom prirodné prostredie tvori hmotnu podstatu, ramec ostatnych sub-
systémov Zivotného prostredia, t. j. technickych, ekonomickych a social-
nych faktorov. Geologicky vyskum a prieskum svojimi vysledkami vzdy,
¢i uz priamo alebo nepriamo, vplyval i na stav poznatkov o Zivotnom prost-
redi na uzemi Slovenska. Preto je nevyhnutné, aby sa na rieSenie najaktual-
nejsich problémov ochrany a tvorby Zivotného prostredia zameral uceleny
geologicky projekt, aby sa vyuzili dosial' ziskané i nové poznatky o stave
geologického prostredia a aby sa vysledky tohto usilia predlozili verejnosti
v subornej podobe a forme.

S tymto cielom Geologicky ustav Dionyza Stura v Bratislave spolu s dal§imi
geologickymi a prirodovedne orientovanymi inStituciami predlozili roku
1990 projekt Vyskum geologickych faktorov Zivotného prostredia. Komplex-
nost tohto projektu utvara podmienky, aby sa geologické poznatky mohli
ovela plnSie uplatnit pri ochrane Zivotného prostredia na Slovensku. V ram-
ci projektu sa uskutocnilo geochemické mapovanie nasho uzemia s cielom
zistit distribuciu obsahov chemickych prvkov v hlavnych zlozkach Zivot-
ného prostredia — v horninach, pddach, rieCnych sedimentoch, podzemnych
vodach, lesnej biomase — a zaroven regionalne charakterizovat radioakti-
vitu na uzemi Slovenskej republiky.

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

Chcem podakovat rieSitelskému kolektivu Geologickej sluzby Slovenskej
republiky i kooperujucim organizaciam za kvalitnu pracu, ktorej vysoka
odborna uroven umozni Slovensku zaradif sa medzi najvyspelejSie krajiny,
pokial' ide o poznavanie geologického prostredia uzemia Statu. V mene
ministerstva zaroven vyslovujem presvedcenie, Ze toto dielo sa v sfére eko-
logie a environmentalistiky plne vyuZije na prospech obcanov Slovenskej
republiky. Geochemicky atlas Slovenska je aj vyznamnym vkladom naSej
republiky k pripravovanému Geochemickému atlasu Eurépy, ktory je jednym
z cielov Medzindrodného geologického korelacného programu (I1GCP)
¢. 360 Global Geochemical Baselines, v SirSom kontexte zameraného na
poznanie geochemickych a geochemicko-environmentalnych ¢ft jednotli-
vych kontinentov Zeme.

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

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

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

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

o ek

Jozef Zlocha
minister Zivotného prostredia Slovenskej republiky
Minister of the Environment of the Slovak Republic
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Dnes sa uz prakticky nepochybuje o tom, Ze vacSinu geologickych poznatkov
o zloZeni a stavbe vrchnej ¢asti Zeme mozZno bezprostredne vyuzit aj v envi-
ronmentalnych suvislostiach. Prirodné prostredie ako celok je totiZ v rozho-
dujucej miere determinované svojou geologickou zloZkou. Preto dnes uz exis-
tuju alebo sa prave dokoncuju viaceré celosvetové prehladné (synoptické)
mapy (geologicka, geofyzikalna, tektonicka, metalogeneticka a pod.), ktoré
umoznuju globalny pohlad na stavbu Zeme, na procesy zasadnym sposobom
ovplyviujuce charakter zemského povrchu, teda aj Zivotné prostredie.

V spomenutej sérii synoptickych map vSak chybaju geochemické mapy,

hoci geochémia ako geologicka veda zaoberajuca sa chemickym zloZenim

Zeme a jej geosfér patri dnes medzi najprogresivnejsie geologické discipliny

(predovsetkym vo svojej aplikovanej podobe ako geochémia Zivotného

prostredia). Nedostatok reprezentativnych geochemickych poznatkov

o vrchnej Casti zemskej kory limituje efektivne rozhodovanie v ekologickej

politike na globalnej aj regionalnej urovni. Preto sa kompilacia regional-

nych i globalnych geologickych map stala nevyhnutnostou.

Organizacia UNESCO roku 1988schvalila Medzinarodnou tniou geologickych

vied IUGS navrhnuty Medzinarodny geologicky korelacny program (IGCP)

¢. 259,zamerany na problematiku geochemického mapovania (International geo-
chemical mapping, (9)). Jeho cielom je vytvorit organiza¢né i metodické pred-
poklady systematickej pripravy geochemickych map kontinentov ako jedného

z podkladov faZiskového medzinarodného projektu rieSenia globalnych zmien

na Zemi (The International Geosphere-Biosphere Programme on Global Change,

1989). Vsetky zakladné aspekty medzinarodného geochemického mapovania

st zhrnuté v osobitnej publikacii (11). Od roku 1992 pokracuje spracuvanie

tejto problematiky v ramci nového IGCP ¢. 360 (Global Geochemical Baseline;

10). Geochemickym mapovanim v Eurdpe, s cielom pripravit Geochemicky

atlas Europy sa zaobera pracovna skupina v ramci zdruzenia FOREGS (Forum

of European Geological Surveys), ktora pripravila aj najnovsi prehlad o stave geo-

chemickych mapovacich prac v europskych krajinach (43).

Vsetky spominané medzinarodné programy a aktivity su v zasade zaloZené

na narodnych programoch geochemického mapovania. Jednym z najkom-

pletnejSich tohto druhu je uloha Geochemicky atlas Slovenskej republiky,
ktora bola od roku 1991sucastou SirSie koncipovaného vedecko-technické-
ho projektu ZP-547-008 (1991 —1995)yiskum geologickych faktorov Zivot-
ného prostredia (60). Cely projekt koordinoval Geologicky ustav Dionyza

Stura v Bratislave (od 1.1.1996Geologicka sluzba Slovenskej republiky)

a na rieSeni sa zucastnovalo desat dalSich geologickych a ostatnych prirodo-

vednych inStitucii. Zakladnym cielom projektu bolo zostavit Geochemicky

atlas Slovenskej republiky v mierke 1:1000000a asociacné geochemicko-

-ekologické mapy uzemia v mierke 1:200000.

Geochemické mapovanie bolo zamerané na rie¢ne sedimenty, podzemné vo-

dy, pody, lesni biomasu a prirodzenu radioaktivitu uzemia. Geochémia hor-

nin mala za hlavny ciel' zostavenie katalogu chemického zloZenia hlavnych
litotypov z uizemia Slovenska. Toto zameranie podmienilo ¢lenenie projektu
na samostatné subprojekty s relativne autonomnou metodikou aj realizaciou.

Ulohou koordinaéného pracoviska bolo zladovat jednotlivé prace a vystupy,

zabezpecit jednak vydanie atlasu a geochemicko-ekologickych map, jednak

koordinaciu vo vztahu k zahraniciu.

Z odborného hladiska cielom projektu bolo:

1. Mapovym zobrazenim a textovymi vysvetlivkami vyjadrif prirodzenu
a antropogénne podmienenu distribuciu koncentracie chemickych prvkov
a vybranych zloziek vratane parametrov radioaktivity v hlavnych zlozkach
Zivotného prostredia. Tymto spdsobom umoznit objektivne zaclenenie
nasho uzemia do medzinarodne pripravovanych mapovych podkladov.

2. V regionalnom meradle poskytnut informacie o su¢asnom stave znecis-
tenia jednotlivych zloZiek Zivotného prostredia na uzemi Slovenska pre
potreby ekologického badania a v zaujme objektivneho rozhodovania
v Statnej ekologickej politike. Geochemické mapy, textové vysvetlivky
a databazové subory budu sluzit riadiacim a rozhodovacim organom
v oblasti ekologie, ochrany prirodného prostredia, urbanistiky, vodného
hospodarstva, pol'nohospodarstva, hygieny a pod.

Z vedeckého hladiska bolo cielom projektu stanovit distribuciu koncen-
tracii chemickych prvkov vo vrchnej Casti zemskej kory na uzemi Slovenska
aj v kontexte medzinarodne pripravovanych mapovych podkladov a vyme-
dzif regionalne trendy a existenciu geochemickych provincii charakterizo-
vanych asocidciami prvkov, ktoré s podmienené geotektonickym vyvojom
uzemia. Suhrn poznatkov z geochemického mapovania pozitivne ovplyvni
poznanie geotektonickej stavby nasho uzemia.

Nowadays there is little doubt that most geological knowledge on the com-
position and structure of the Earth’s upper layer can be used directly in
environmental sciences. It results from the fact that natural environment as
a whole is dominated by its geological component. That is why a number
of worldwide (synoptic) maps (geological, geophysical, tectonic, metallo-
genic, etc.) exist or are being completed right now which give a global view
of the Earth’s structure as well as processes which essentially control the
character of the Earth’s surface including the environment in which we live.
Nevertheless, the series of synoptic maps lacks geochemical maps, al-
though geochemistry as a geological science dealing with the chemistry of
the Earth and its geospheres now ranks among the most progressive geolo-
gical disciplines (notably its applied branch environmental geochemistry).
The lack of representative geochemical data on the Earth’s crust upper
layer limits effective decision-making in ecological policy on global as well
as regional levels. Therefore it is extremely important to compile regional
and global geological maps.
In 1988,the UNESCO approved the International Geologic Correlation
Programme No. 259 on geochemical mapping (International geochemical
mapping, (9)) proposed by the International Union of Geological Scien-
ces. It is aimed at creating organizational and methodical preconditions
to systematic compilation of geochemical maps of continents which in
turn will be used in an international project of resolving global changes
on Earth (The International Geosphere-Biosphere Programme on Global
Change, 1989). All main aspects of international geochemical mapping
are summarized in a special publication (11). Since 1992, this issue con-
tinues to be compiled as part of a new IGCP No. 360 (Global Geoche-
mical Baseline, (10)). Geochemical mapping in Europe aimed at compi-
ling the Geochemical Atlas of Europe is being performed by a working
group within the FOREGS association (Forum of European Geological
Surveys) which has also provided the latest review of geochemical map-
ping in European countries (43).
All above-mentioned international programmes and activities are essentially
based on national geochemical-mapping programmes. The Geochemical Atlas
of the Slovak Republic ranks among the most complete works of this kind.
Since 1991it was part of a more widely aimed scientific-technical project
ZP-547-008 (1991 —199%Research of Environmental Geological Factors (60).
The whole project was coordinated by the Dionyz Stur Institute of Geology
in Bratislava (Since January 1, 1996the Geological Survey of Slovak Repub-
lic), but ten more geological and other natural-science institutions also par-
ticipated in it. The project’s main objective was to compile the Geochemical
Atlas of the Slovak Republic at scale 1:1000000and association geoche-
mical-ecological maps of the territory at scale 1:200000.
The geochemical mapping focused on stream sediments, groundwaters, soils,
forest biomass and natural radioactivity of the territory. Rock geochemistry
was aimed to the compilation of a catalogue of main lithotypes chemistry
in the Slovak territory. These objectives resulted in the project’s division
into separate subprojects with fairly autonomous methodics and implemen-
tation. The coordination entily coordinated individual works and outputs,
secured the publishing of the Atlas and geochemic-ecological maps as well
as coordination of foreign relationships.

Professional objectives of the project included:

1. Expressing natural and man-made distribution of concentration by
chemical elements and selected components including radioactivity
parameters in major constituens of the environment through maps
and explanatory texts. This should allow to objectively incorporate
Slovakia’s territory into internationally compiled maps.

2. Providing regional information on the current state of contamination
of respective components of the environment in Slovakia for the needs
of ecological research as well as objective decision-making in state
ecological policy. Geochemical maps, explanatory texts and database
files will be used by directing and decision-making bodies in the field
of ecology, natural-environment conservation, urbanism, water
management, agriculture, hygiene, etc.

The scientific goal of the project was to determine the distribution of chemi-

cal element concentrations in the Earth’s crust upper layer in Slovakia also

in the context of internationaly compiled maps and to outline regional trends
and existence of geochemical provinces characterized by element associa-
tions resulting from the geotectonic history of the territory. Information yiel-
ded by the geochemical mapping will be a contribution to the knowledge of



Predkladané dielo predstavuje prva cast série Geochemicky atlas Slovenska
a jeho predmetom su podzemné vody. Postupne vyjdu dalSie Casti diela so
zameranim na lesnu biomasu, horniny (katalog chemickych analyz), radio-

aktivitu, pody a rieCne sedimenty.

autori

Slovakia’s geological structure. The submitted publication focused on ground-
water is part I of the series Geochemical Atlas of Slovakia. Further parts dea-
ling with forest biomass, rocks (catalogue of chemical analyses), radioactivi-
ty, soils and stream sediments will be published gradually.

authors



1. UVOD

Geochemické mapovanie podzemnych vod na tizemi Slovenska bolo jednou
Z najvyznamnejSich prac v ramci ulohy Geochemicky atlas Slovenska v rokoch
1991 —1995 Specifikom tohto druhu regionalneho geochemického mapova-
nia je mimoriadna komplikovanost metodiky. Zakladnym problémom je urce-
nie tej Casti hydrosféry, z ktorej sa maju pre regionalne geochemické mapo-
vanie vybrat vzorky tak, aby sa dosiahli reprezentativne a interpretovatelné
vysledky. Hydrogeochemické mapovanie uzemia Slovenska sa zakladalo na
skiimani vzoriek podzemnych vdd prvého zvodneného horizontu (pramene,
studne, vrty) a jeho cielom bolo podat obraz o regionalnej distribucii ekolo-
gicky a vodohospodarsky najvyznamnejSich prvkov, zloZiek a parametrov na
kvantitativnom zaklade. Pri vybere objektov sa bral ohlad na hydrogeologické
pomery uzemia Slovenska. Zaroven sa vSak reSpektovala aj zakladna geo-
chemicka poziadavka, aby hustota odberu vzoriek zabezpecila poZadovanu
vypovedni hodnotu kompilovanych mapovych podkladov. Projektovana aj
dosiahnuta hustota (1 vzorka na 3 km?) teda vyjadruje skutoéne iba Statisticku
hodnotu, realne sa v§ak dosiahla diferencovana hustota v zavislosti od vyznam-
nosti hydrogeologickych Struktur a komplikovanosti geotektonickych a hydro-
geologickych pomerov uzemia. Tak sa dosiahlo, Ze vysledky geochemického
mapovania podzemnych vod mozZno interpretovat pre uzemie Slovenska ako
celok, ale zaroven aj pre samostatné hydrogeologické celky. Aj pre ne sa totiz
vytvorili mnoZstvom a kvalitou udajov reprezentativne databazy.

Graficka a interpretacna Cast atlasu podava obraz chemického zloZzenia pod-
zemnych vod prvého zvodneného horizontu na uzemi Slovenska za ¢asovo
ohraniCeny usek — vzorky sa odoberali v rokoch 1991 —-1994Vysledky regio-
nalneho hydrogeochemického mapovania maju vSak vSeobecnejSiu platnost,
pretoZe sa v nich berie do uvahy zakladna hydrogeologicka diferencovanost
uzemia Slovenska, pricom sa hodnoti aj podiel primarnych a sekundarnych
faktorov na tvorbe chemického zloZenia podzemnych vod v regionalnom
meradle. Ziskané hydrogeochemické udaje (databaza 16 359vzoriek podzem-
nych vod) budu vsak zaroven sluzit v celostatnom i regionalnom rozsahu ako
vychodisko porovnani pri hodnoteni zmien, ktoré nastanu v zmene kvality
podzemnych vod v buducnosti. Vysledky regionalneho geochemického mapo-
vania podzemnych vod sa tak stani vyznamnou komplementarnou sucastou
informacii o stave kvality podzemnych vod na tizemi Slovenska, ktoré sa opie-
raju o celoslovensky monitoring kvality podzemnych vod, realizovany od roku
1982Slovenskym hydrometeorologickym ustavom v Bratislave.
Geochemické mapovanie podzemnych vod Slovenskej republiky metodikou
i dosiahnutymi vysledkami vyznamne prispieva k realizacii programu medzi-
narodného geochemického mapovania v ramci Medzinarodného geologic-
kého korelaéného programu (IGCP) ¢. 360 Baseline Geochemical Mapping.

1. INTRODUCTION

Geochemical mapping of Slovakia’s groundwater was one of the
most important tasks incorporated in the Geochemical Atlas Pro-
ject in 1991 —-1995.This kind of regional geochemical mapping
employs extremely complicated methods. Selecting the part of the
hydrosphere to be sampled so that representative and interpretable
results are obtained is an essential problem. Based on sampling
groundwater of the first aquifer (springs, wells, drillholes), the
hydrogeochemical mapping of the Slovak territory was aimed at
illustrating the regional distribution of those elements, components
and parameters which are most important from environmental and
water-management points of view. Objects to be sampled were
selected with respect to Slovakia’s hydrogeologic conditions and
were consulted with specialists in hydrogeology. The mapping also
complied with another essential geochemical requirement — sam-
pling density to ensure acceptable reliability of resulting maps. The
projected and actual sampling density averages 1 sample per 3 km?
but it varies from one area to another given the significance of its
hydrogeologic structures and complexity of geologic-tectonic and
hydrogeologic conditions. Consequently, the results of the ground-
water geochemical mapping can be interpreted not only for the
whole Slovak territory but also for separate hydrogeologic units
whose databases are sufficiently representative as to the quality and
quantity of data.

The graphic and interpretative part illustrates groundwater chemistry of
the first aquifer in the Slovak territory at the time of sampling (1991 —
1994). Howeyver, the results of the regional hydrogeochemical mapping
are valid more generally as they respect basic hydrogeologic variability
of the Slovak territory and assess the role of primary and secondary fac-
tors in the formation of groundwater chemistry in a regional scale.
Hydrogeochemical data obtained (16359 groundwater samples) will be
used in both national and regional scales to compare changes in ground-
water quality in the years ahead. Based on an all-Slovakia project of
groundwater-quality monitoring carried out by the Slovak Institute of
Hydrometeorology in Bratislava since 1982 the results of the regional geo-
chemical mapping will become a complementary part of basic data on
Slovakia’s groundwater quality.

Techniques applied and results achieved by the geochemical mapping of
Slovakia’s groundwaters are a major contribution to an international geo-
chemical mapping project incorporated in the IGCP project No. 360
Baseline Geochemical Mapping.



2. HISTORIA HYDROGEOCHEMICKEHO VYSKUMU
NA SLOVENSKU

Rozvoj poznania hydrogeochemickych pomerov izemia Slovenska je uzko
spity s rozvojom slovenskej geologie a hydrogeologie.

Zaciatok systematického zakladného i aplikovaného geologického vyskumu
uzemia Slovenska sa spaja so zaloZzenim Statneho geologického tustavu
v Bratislave (1940), ktory v rokoch 1953—1995existoval pod nazvom
Geologicky ustav Dionyza Stiira (GUDS). Vznik tstavu v podstate kores-
ponduje sa za¢iatkom intenzivneho priemyselného a hospodarskeho rozvoja
Slovenska, dosledkom ktorého bolo zvySovanie poziadaviek na mnoZstvo
a kvalitu vodarensky vyuziteInych zdrojov vody. SubezZne s tym sa vSak Coraz
vyraznejSie prejavovali aj problémy znecistovania Zivotného prostredia, oso-
bitne povrchovych a podzemnych vod. Z toho postupne vyplynuli dolezité
ulohy pre hydrogeologiu, a preto sa uz roku 1954utvorila v GUDS pracovna
skupinka hydrogeologov, z ktorej roku 1959vzniklo samostatné oddelenie
hydrogeolégie. Poziadavky na hydrogeologiu vSak rastli takym tempom, Ze
ich ¢asom mohli spinat iba postupne vznikajtice dalsie $pecializované hydro-
geologické pracoviska. Roku 1969sa na GUDS utvorilo Oddelenie hydro-
geochémie s ulohou zabezpecovat regionalny a metodicky vyskum hydrogeo-
chemickych pomerov Slovenska. Cielom tohto vyskumu bolo spociatku
najma objasnovanie zakladnych regionalnych zakonitosti tvorby chemického
zloZenia podzemnych vod. Postupne sa vSak zameriaval aj na rieSenie prob-
Iémov ochrany a racionalneho vyuZivania zdrojov podzemnych vod.
Prvoradou ulohou GUDS v ramci systematického hydrogeologického vys-
kumu Slovenska bolo zabezpecit vyhladavanie zdrojov podzemnych vod.
Spociatku si zabezpeCenie zdrojov vody na zasobovanie obyvatelstva vyza-
dovalo predovsetkym hydrogeologicky prieskum regionov s podmienkami na
akumulovanie vac¢Sich zdrojov podzemnych vod vhodnej kvality, najma kvar-
térne sedimenty a vapencovo-dolomitické komplexy mezozoika, na ktoré je
viazanych takmer 75 % prognéznych prirodnych zdrojov podzemnych vod
Slovenska (22, 23, 24, 30, 31, 32).z potom sa hydrogeologicky vyskum roz-
Siroval na regiény s geologickou stavbou menej vhodnou na akumulovanie
podzemnych vod oblasti neovulkanitov, sedimentov paleogénu a neogénu,
krystalinikum (13, 14, 52, 62, 63)Tato postupnost sa dodnes prejavuje
v nerovnomernej hydrogeologickej preskumanosti uzemia Slovenska.

V ramci regionalneho hydrogeologického vyskumu subezne prebiehal hydro-
geochemicky vyskum. Tento vyskum, zahfnajuci terénne, laboratorne a inter-
pretané prace, vyznamnou mierou prispel k poznaniu genézy chemického
zloZenia a kvalitativnych vlastnosti podzemnych vod Slovenska a vo viacerych
regiéonoch umoznil objasnenie hydrogeologickych pomerov v zloZitych geo-
tektonickych podmienkach. Z metodického hladiska bola zakladom klasifika-
cie a interpretacie chemického zloZenia podzemnych vod Slovenska Gazdova
klasifikacia chemickych typov podzemnych vod (20).

ZaviSenim etapy regionalneho hydrogeochemického vyskumu uzemia Slo-
venska do polovice sedemdesiatych rokov bolo vypracovanie Genetickej kla-
sifikdcie podzemnych vod Zdpadnych Karpdt (21), v ktorej boli definované
a objasnené procesy tvorby primarneho chemického zlozenia podzemnych
vod v systéme voda—hornina spolu s antropogénnymi faktormi.

Dolezitou etapou regionalneho hydrogeochemického vyskumu Slovenska
bola edicia Mdp chemizmu podzemnych véd v mierke 1:200000 (1973z
1979) zostavovana subezne so zakladnymi hydrogeologickymi mapami
z celého tizemia Slovenska (33). Na tychto mapach je farbou v ploche zna-
zorneny chemicky typ, triedy mineralizacie a geneticky typ podzemnych vod
prvého zvodneného kolektora. Bodovo su zachytené vyskyty mineralnych
a termalnych vod, vody s anomalnym chemizmom (napr. banské vody resp.
tektonicky rozptyl hlbinnych vod v prvom zvodnenom horizonte). Sym-
bolmi je znazorneny vyskyt vodohospodarsky a hygienicky vyznamnych zlo-
zZiek (Fe, Mn, agr. CO,, toxické kovy) vratane sekundarneho ovplyvnenia
podzemnych vod (dusi¢nany, sirany, chloridy). Vertikalne kolonky ukazuju
hibkové zmeny chemického zloZenia podzemnych vod zistené vrtmi.

Od osemdesiatych rokov prebiehal hydrogeochemicky vyskum Sloven-
ska bud v ramci hydrogeologického, alebo environmentalno-geo-
chemického vyskumu vo vybranych regiénoch s mapovymi vystupmi
v mierke 1:50000 (34, 45, 47, 55, 624akladom mapového znazor-
nenia chemického zlozenia podzemnych vod bolo spociatku vyjadrenie
kombinacii hlavnych typomorfnych iénov. V poslednom obdobi najmé
v nadvédznosti na zakladny projekt environmentalneho zamerania
Voskum geologickych faktorov Zivotného prostredia Slovenskej republiky
(60) sa hlavny doraz kladie na environmentalne charakteristiky (stu-
pen a povod kontaminacie prirodnych vod) a hlavnou znazoriiovanou
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2. HISTORY OF HYDROGEOCHEMICAL RESEARCH
IN SLOVAKIA

The knowledge of Slovakia’s hydrogeochemical conditions is closely as-
sociated with the development of Slovak geology and hydrogeology.
Systematic basic and applied geological research of the Slovak territory
started in 1940 when the State Institute of Geology was established in
Bratislava. It was renamed Dionyz Stur Institute of Geology (GUDS) in
1953 and existed as a separate institution until 1995.The establishment
of the institute roughly coincides with the beginning of intensive deve-
lopment of Slovak industry and economy which resulted in the ever in-
creasing consumption of water. At the same time, the problem of envi-
ronment pollution, notably contamination of surface and ground waters,
became more and more appalling. Resulting hydrogeological problems
gave rise to a small team of hydrogeologists at the GUDS in 1954 which
was transformed into a separate hydrogeological department in 1959.
However, the tasks of hydrogeology continued to grow so fast that spe-
cialized hydrogeologic units had to be set up. In 1969,the GUDS estab-
lished a hydrogeochemistry department aimed at regional and methodic
research of Slovakia’s hydrogeochemical conditions. Its initial objective
was to clear up basic regional factors controlling groundwater chemistry.
Later its activities focused on the protection and rational exploitation of
groundwaters.

The GUDS’s prime task in the field of systematic hydrogeological research
was prospecting for groundwater resources.

They were first sought in regions with suitable conditions for the accu-
mulation of major high-quality groundwater sources, such as Quaternary
sediments and Mesozoic limestone-dolomite complexes which account
for nearly 75 % of Slovakia’s prognostic natural groundwater resources
(22, 23, 24, 30, 31, 3nly later did hydrogeological investigations spread
into regions with worse conditions for groundwater accumulations, such
as Neogene volcanics, Paleogene and Neogene sediments and crystalline
rocks (13, 14, 52, 62, 63As a result, individual regions have been hydro-
geologically explored to a different degree.

Regional hydrogeological investigations included hydrogeochemical research
which in turn comprised field, laboratory and interpretative works. It signi-
ficantly contributed to the knowledge of the genesis of groundwater-
-chemistry formation as well as qualitative properties of groundwaters in
Slovakia, and in many regions it allowed to clear up hydrogeological con-
ditions in a complicated geologic-tectonic setting.

From a methodic point of view, the classification and interpretation of
groundwater chemistry were based on Gazda’s classification of ground-
water chemical types (20).

One stage of regional hydrogeochemical research of the Slovak territory
was concluded in the mid-197G by the compilation of the Genetic
Classification of West Carpathian Groundwaters (21) in which processes
controlling primary chemical composition of groundwaters in
the water —rock system along with man-made factors were defined and
explained.

Another major stage in the history of Slovakia’s regional hydrogeochemi-
cal research was marked by the edition of Maps of groundwater chemistry
at scale 1:200000 (1971 —197%hich were compiled alongside basic hyd-
rogeologic maps covering the whole Slovak territory (33). These maps areally
illustrate chemical type, mineralization classes and genetic type of ground-
waters of the first aquifer. Points were used to mark occurrences of mine-
ral and thermal waters as well as waters of anomalous chemistry (e.g. mine
waters, tectonic dispersal of deep waters in the first aquifer). Symbols indi-
cate occurrences of components significant from the points of view of
water management and hygiene (Fe, Mn, aggr. CO,, toxic metals) inclu-
ding secondary contamination of groundwaters (nitrates, sulphates, chlori-
des). Vertical columns illustrate changes in groundwater chemistry at depth
ascertained by drilling.

Since the 198@;, hydrogeochemical investigations in Slovakia were incor-
porated either in hydrogeologic or environmental-geochemical research in
selected regions, resulting maps being at scale 1:50000(34, 45, 47, 55, 62).
Groundwater chemistry was initially illustrated on the maps through
a combination of principal typomorphic ions.

Recently, mainly in association with the basic environmental project entit-
led Investigation of geological environmental factors of the Slovak Republic
(60), attention has been paid primarily to expressing environmental cha-
racteristics, degree and source of groundwater contamination, the chief



charakteristikou su kvalitativne vlastnosti podzemnych, povrchovych
a zrazkovych vod (49).

Rozvoj regionalnych hydrogeochemickych poznatkov podnietil aj prace
Specidlneho hydrogeochemického charakteru. Medzi ne mozno zaradit napr.
sledovanie kvality snehovej pokryvky, vypoc¢ty hmotovych bilancii prostred-
nictvom modelovych povodi, experimenty v systéme pdda—hornina—voda
a hydrogeochemicku prospekciu. Pri objasfnovani genézy mineralnych vod
bola rozpracovana i metodika vyuZitia palinolédgie v hydrogeochémii (2, 3, 6,
7,18, 46, 47, 48, 55, 57, 59).

Vsetky regionalne poznatky o hydrogeochémii uzemia Slovenska su vSak za-
roven vysledkom kompilacie udajov ziskanych pri hydrogeologickom pries-
kume zdrojov podzemnych vod, ktory v ramci geologického prieskumu za-
bezpecoval hlavne IGHP, 3. p. Zilina, z ktorého sa neskor vy¢lenili INGEO,
a.s. Zilina, GEOCONSULT, a. s. Kosice a GEOS, a. s. Bratislava (4, 8, 19, 44,
51). Dalsie hydrogeochemické informécie poskytuju detailné hydrologické
a hydrogeologické Studie vodohospodarskych organizacii, najma Vyskum-
ného tstavu vodného hospodarstva (VUVH) v Bratislave. VUVH zostavil v ro-
koch 1981—1984mapy kvalitativnych a technologickych vlastnosti podzem-
nych a povrchovych vod Slovenska (40), ktoré vSak nepodavaju kvantitativne
geochemické charakteristiky podzemnych vod, ale primarne sa orientuju na
ich vodohospodarske a ipravnicke vlastnosti. Vyznamnym zdrojom hydrogeo-
chemickych informacii su aj aktivity Slovenského hydrometeorologického
tustavu (SHMU) v Bratislave. Monitoring kvality podzemnych vod, ktory tento
ustav systematicky vykonava od roku 1982 je zdrojom regionalne vyznamnych
hydrogeochemickych poznatkov a zachytava aj zmeny kvality podzemnych vod
v ¢ase. Roku 1994SHMU koordinoval spracovanie Generelu ochrany a racio-
ndlneho vyuZivania podzemnych vod, z ktorého mozno Cerpat dalSie informacie
o chemickom zlozeni podzemnych vod na tizemi Slovenskej republiky.

illustrated characteristics being qualitative properties of ground, surface
and meteoric waters (49).

The ever increasing knowledge of regional hydrogeochemistry gave rise
to works of thematic and special hydrogeochemical character, such as
monitoring of snow-pack quality, calculations of massbalance through
model drainage basins, experiments in the soil—rock—water system,
hydrogeochemical prospecting and palynology which was employed in
hydrogeochemistry to clear up groundwater origin (2, 3, 6, 7, 18, 46, 47,
48, 55, 57, 59).

All regional hydrogeochemical data from the Slovak territory partly resul-
ted from hydrogeological exploration of groundwater sources carried out
mostly by IGHP, §. p. Zilina and its successors INGEO, a. s. Zilina, GEO-
CONSULT, a. s. Kosice and GEOS, a. s. Bratislava (4, 8, 19, 44, 51).
Further hydrogeochemical information was provided by detailed hydrolo-
gic and hydrogeologic studies by water-management organizations, notably
Water Research Institute (VUVH) in Bratislava. Between 1981 and 1984,
VUVH compiled maps of qualitative and technological properties of Slo-
vakia’s ground and surface waters (40) which, however, illustrate only
water-management and water-treatment properties and give no quanti-
tative geochemical characteristics of groundwaters. Another major source
of hydrogeochemical information is Slovak Institute of Hydrometeorology
(SHMU) in Bratislava. Particularly valuable is groundwater-quality moni-
toring which has been carried out systematically since 1982and yields re-
gionally significant data of hydrogeochemical character which make it pos-
sible to assess the evolution of groundwater quality in time. In 1994,
SHMU coordinated the compilation of the General rules of groundwater pro-
tection and rational exploitation which supplied further important informa-
tion on groundwater chemistry in the Slovak territory.
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3. METODIKA VYSKUMU
3.1. Odber vzoriek

Geochemické mapovanie byva zaloZzené na odbere vzoriek z réznych pri-
rodnych prostredi a ich analyze, a to vod (podzemnych, povrchovych, zraz-
kovych), sedimentov (riecnych, jazernych, zaplavovych), pod, hornin, vege-
tacie a pod. Pri rozsiahlych regionalnych geochemicko-environmentalnych
mapovacich pracach je nevyhnutné zabezpecCit, aby sa odber vzoriek zo
zvoleného média vykonaval v rovnakych podmienkach (ten isty horizont

a profil, zhodné pristrojové vybavenie, rovnaké klimatické pomery a pod.).

Pri odbere vzoriek vod pre potreby geochemického atlasu podzemnych vod

Slovenskej republiky sa reSpektovali tri zakladné kritéria:

1. Vzorka sa odoberala z prvého zvodneného horizontu.

2. Statisticka hustota odberu bola 1 vzorka na 3 km?.

3. Odber vzoriek sa vykonaval v §irSom letnom obdobi, pri priemernych
hladinach podzemnych vod a v ustalenych klimatickych podmienkach.

Vzorky podzemnych vod —ich celkovy pocet bol 16 359 —sa odoberali v Case
od maja do oktobra v rokoch 1991—-1994V zavislosti od charakteru pri-
rodnych podmienok Slovenska sa odoberali z pramenov (8857), vrtov
(1537),5t0lni (51), studni (5716)a drenazi (198).V horskych oblastiach,
kde je dost prirodnych vyverov podzemnych vod, sa vzorky brali z prame-
nov, v niZinnych oblastiach prevazne zo studni a vrtov. Pri vybere odbero-
vych bodov sa vyuzival narodny register pramenov a dalSich zdrojov pod-
zemnych vod (vrtov a studni) Slovenského hydrometeorologického tstavu,
hydrogeologicka dokumentacia zdrojov podzemnych vod z vyskumnych
a prieskumnych prac Geologického tustavu Dionyza Stira a vodohospo-
darskych organizacii Slovenska.
Priamo pri odbere vzorky vody sa merala teplota vody, pH, obsah rozpus-
teného kyslika, vodivost (prepocitana na 25°C) a vydatnost, stanovovala sa
KNK, 5 (acidita) a ZNKg 5 (alkalita), vykonavala sa membranova filtrdcia na
analyzu stopovych prvkov a vzorky sa chemicky stabilizovali. Na meranie
pH, vodivosti, obsahu rozpusteného kyslika a teploty vody sa pouzivali pri-
stroje WTW, ato LF 92,LF 95, pH 91, pH 192,0XI 96a OXI 191.
Membranova filtracia sa vykonavala pomocou polysulfonového vakuového
filtracného zariadenia NALGENE (vyrobené v USA) cez nitrocelulozové
membranové filtre zn. SYNPOR (vyrobené v Ceskej republike) s rozmerom
porov 0,45um. Cely proces filtracie sa pred zacatim terénnych prac testo-
val v laboratornych podmienkach z hladiska moZnych strat obsahu prvkov
pri filtracii, a to ¢i uZ procesmi sorpcie na stenach filtraénej nadoby, alebo
zachytdvanim na membranovom filtri. Testy ukazali, Ze obsah prvkov sa
absorpciou na povrchu filtracného zariadenia neznizuje. Pri priame;j filtra-
cii cez nitroceluldézové filtre nastavali v pripade pravych roztokov straty
obsahu kovovych prvkov od 5% do 20%. Po premuyti filtra pred filtraciou
destilovanou vodou strata koncentracii kovovych prvkov ani v jednom pri-
pade neprekrocCila 5%. Preto sa v praxi membranové filtre pred filtraciou
vzoriek vod premyvali prefiltrovanim 0,51 destilovanej vody.

Obsah voI'ného CO, (KNK, 5) a hydrogénuhli¢itanov (ZNKg 5) bol stano-

veny neutraliza¢nymi titraciami pomocou jednomolarnych roztokov NaOH

a HCI s pouzitim fenolftaleinu a metyloranze ako indikatorov.

Na laboratornu analyzu vod sa vzorky vody odoberali do flia$§ a chemicky

stabilizovali takto:

1. Dvojlitrova flasa (PVC) vody na stanovenie NH,, F, NO,, PO,, SO,,
ChSKy,,.

2. 0,25l flasa (PVC) prefiltrovanej vzorky vody, stabilizované 5 ml kon-
centrovanej HNOjna stanovenie Li, Na, K, Sr, Fe, Mn, Fe, Cu, Cd,
Ba, Cr, Zn, Pb.

3. 0,251 flasa (PVC) prefiltrovanej vzorky vody, stabilizovanej 5 ml kon-
centrovanej HCI na stanovenie Mg, Ca, As, Se, Sb.

4. 0,11 flasa (PVC) vody na stanovenie Al, stabilizovanej 2 ml koncentro-
vanej HNO,

5. 0,25l flasa (PVC) vody s pridavkom 5 g mramorového prasku na
stanovenie agresivneho CO, (Heyer).

6. 0,11 sklena flasa vody stabilizovanej 2 ml K,Cr,0, a 7 ml koncentro-
vanej HNO; na stanovenie Hg.

Poznamka: Chemikalie pouzité na stabilizaciu boli p. a.; mnozZstvo vzoriek

vody umoznovalo kazdu analyzu zopakovat.

Kazda odobrata vzorka podzemnej vody mala svoj vlastny zaznamovy list,

v ktorom sa v troch zakladnych sekciach zaznamenali vSetky udaje o nej:

1. Lokaliza¢né udaje: — terénne Cislo vzorky odvodené z Cisla mapového

listu (1:50000);
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3. RESEARCH METHODS
3.1. Sampling

Geochemical mapping includes sampling and subsequent analysis of va-
rious natural environments: waters — ground, surficial, meteoric; sedi-
ments — fluvial, lacustrine, flood-plain; soils, rocks, vegetation, etc.
In extensive regional geochemical mapping, every effort should be made to
ensure that the chosen medium is sampled under equivalent conditions, i.e.
that the samples are collected from the same medium, from the same hori-
zon or profile and under equal conditions so that collected samples are
mutually comparable and different variability of sampled medium and sam-
pling conditions do not cause heterogeneity of sampled material.
As regards water-sample collection, the Geochemical Atlas of Slovakia’s
Groundwater is based on the three following criteria:
1. The first aquifer was sampled,
2. Statistical sampling density was 1 sample per 3 km?,
3. Samples were collected in summer (broadly speaking), at medium
groundwater levels and under stable climatic conditions.
A total of 16 359groundwater samples were collected in broader summer
from May to October in 1991 —-1994Given Slovakia’s natural conditions,
they were collected from springs (8 857),drillholes (1 537),adits (51), wells
(5716)and dewatering systems (198).In mountain areas the samples were
taken from abundant springs whereas in lowlands mostly from wells and
drillholes. The sampling points were selected on the basis of data from the
National register of springs and other groundwater sources (drillholes and
wells) of the Slovak Institute of Hydrometeorology and from hydrogeologi-
cal records of groundwater sources compiled during research and explora-
tion works by Dionyz Stur Institute of Geology and Slovak water manage-
ment companies.
Characteristics measured during sample collection comprise: water tempe-
rature, pH, content of soluble oxygen, conductivity (adjusted to 25°C) and
discharge. Furthermore, acidity 4.5 and alkalinity 8.3 were determined,
and membrane filtration to analyse trace elements and chemical stabiliza-
tion of samples were carried out. pH, conductivity, soluble oxygen and
water temperature were measured by German WTW instruments: LF 92,
LF 95,pH 91, pH 192,0XI 96 and OXI 191.
The polysulphone vacuum filtration instrument NALGENE (USA) and
nitrocellulose membrane filters SYNPOR (Czech Republic) with 0.45um
pores were used in membrane filtration. Before the fieldwork started, the
whole filtration process had been tested in laboratory conditions to reveal
possible loss of elements during filtration either by sorption processes on
the walls of filtration vessel or by interception on membrane filter. The
experiments have proven that no elements are lost due to absorption on the
surface of filtration equipment. 5—20 %of metallic-element contents were
lost from true solutions during direct filtration through nitrocellulose fil-
ters. But if the filter was flushed by distilled water prior to filtration, the
loss of metallic elements was always below 5%. As a result, filtering of
water samples was always preceded by flushing the membrane filters by
0.51 of distilled water.
The contents of free CO, (alkalinity 4.5)and hydrogencarbonates (acidity
8.3) were determined by neutralization titration by one-molar NaOH and
HCI solutions using phenolphthalein and metylorange indicators.
The amounts of waters collected for laboratory analyses and subsequent
chemical stabilizations are as follows:
1. 2diter PVC bottle to determine NH,, F, NO,, PO,, SO,and COD,,,,
2. 0.251 PVC bottle of filtered water sample, stabilized by 5 ml
of concentrated HNO, to determine: Li, Na, K, Sr, Fe, Mn, Cu,
Cd, Ba, Cr, Zn, Pb,
3. 0.251 PVC bottle of filtered water sample, stabilized by 5 ml
of concentrated HNO, to determine: Mg, Ca, As, Se, Sb,
4. 0.11 PVC bottle stabilized by 2 ml of concentrated HNO,
to determine Al,
5. 0.251 PVC bottle plus 5g of marble powder to determine aggressive
CO, (Heyer),
6. 0.1glass bottle stabilized by 2 ml K,Cr,O, and 7 ml of concentrated
HNO; to determine Hg.
Note: Chemicals used in the stabilization were p.a.; the amounts of water
were sufficient to repeat each analysis.
Each collected groundwater sample had a separate record sheet giving the
following information arranged in three basic sections:



— analytické ¢islo vzorky vzrastajuce od 1, podla
dorucenia vzorky do laboratéria;
— nazov pracoviska a meno pracovnika, ktory
odoberal vzorky vody.
2. Opisné udaje: — datum odberu,
— klimatické podmienky odberu — ¢iselny kod;
— typ zdroja — pramen, vrt, $tolna, studna, drendz s bliz§im
opisom zdroja (napr. typ prameia, hibka vrtu a pod.);
— charakter horninového prostredia na mieste odberu
vzorky vody.
3. Vysledky terénnych merani teploty vody, pH, vodivosti, obsahu roz-
pusteného O,, obsahu vol'ného CO,, obsahu hydrogénuhli¢itanov
a vydatnosti.

3.2. Chemické analyzy

V ramci analyz vzoriek podzemnych vod sa analyzoval obsah 32 deter-
minant v hydrochemickom laboratoriu INGEO, a.s., Zilina. V jednotlivych
mapach plosnej distribucie prvkov sa pre kazdu determinantu uvadzaja
vysledky ziskané jedinou analytickou metodou. Prehlad analytickych tech-
nik, ktoré sa aplikovali pre jednotlivé determinanty, poskytuje tabulka ¢. 1.
V tejto tabulke sa zaroven uvadzaju aj detekéné limity pouzitych metod,
hodnoty intervalov spolahlivosti vysledkov analyz zistené pri desatnasobku
detekéného limitu a $pecifikacia pristrojovej techniky pouzitej na analyzu.
Okrem determinant uvedenych v tab. ¢. 1 sa v laboratoriu niekolko raz
stanovovali aj hodnoty pH a KNKgj;, ¢o sluzilo na kontrolu stanoveni
v teréne. Obsah talia sa stanovoval len v prvych 2500 vzorkach vod.
Vsetky vysledky boli pod detekénym limitom pouZzitej analytickej techniky
(0,001 mg.I"), a preto sa v dalej etape obsah tohto prvku prestal sledo-
vat. V zdujme spravnosti analyz, na zaklade ekvivalentnej bilancie sumy
kationov a anionov a v zavislosti od hodnot celkovej mineralizacie (M) sa
urcili povolené percenta chyb analyz, po prekrocCeni ktorych sa musela
analyza opakovat. M <50 mg.l* — do 10%, M 50-150mg.I"* — do 5%,
M>150mg.I"* —do 3%.

Relevantnost ziskanych udajov zabezpecoval priebezne systém kontroly
kvality analyz (analytical quality assurance, AQA), korespondujuci s europ-
skymi normami radu EN 45 000a so zasadami spravnej laboratornej praxe
(good laboratory practice). Systém AQA sa zaklada na vybere spolahlivych
metod, pouziti kalibrovanej analytickej inStrumentacie a certifikovanych re-
ferenCnych materialov na kalibraciu analytickych pristrojov, na internej
kontrole formou regulac¢nych diagramov, externej kontrole formou analyzy
kontrolnych vzoriek a na vonkajSom audite analytickych postupov a systému
internej kontroly kvality laboratoria. Cely tento systém navrhla a organizo-
vala nezavisla skupina analytikov.

Analytické metody a kalibracné postupy pouzité v laboratoriu koreSpondo-
vali s medzinarodne uznavanymi Standardmi. Metrologickd nadvédznost
kalibra¢nych postupov sa zabezpecCovala prostrednictvom certifikovanych
referenc¢nych materialov CDN-SLRS-2, SRM 1643-C a CRM-398.
Regulacné diagramy tvoriace sucast internej kontroly kvality laboratoria
podliehali pravidelnej kontrole externym auditom a v celom priebehu ana-
Iytickych prac sa prekrocCenie regulacnej medze vyskytlo len ojedinele.
V takomto pripade ihned nasledovala rekalibracia metody.

Externa kontrola kvality analyz vzoriek vod pozostavala z medzilaborator-
nych analyz vzoriek vod, z analyz vzoriek s pridanymi analytmi (spiked
samples), z analyz certifikovanych referenénych materidlov a z analyzy
paralelnych vzoriek. Vo vSetkych pripadoch boli kontrolné vzorky so zme-
nenym kédom zamieSané medzi bezné analyzy vzorky.

Medzilaboratérne porovnavanie zahrnalo 11 parametrov, ktoré sa vyhod-
nocovali v 22 vzorkach. Najvicsie rozdiely sa vyskytovali pri stanoveni fil-
trovaného a nefiltrovaného Al, kde vSak boli problematické aj vysledky refe-
renénych pracovisk. Analyzy kodovanych certifikovanych referen¢nych ma-
terialov v kontrolovanom laboratoriu vykazali zanedbatelné odchylky vo
vysledkoch, t. j. dosiahla sa veI'mi dobra zhoda vysledkov obidvoch analyz
z hladiska presnosti a spravnosti.

PribliZne 6 % z celkového poctu odobratych vzoriek sa zadavalo na porov-
nanie ako paralelné vzorky. Pri ich analyzach sa kontrolna vzorka rozdelila
na viacero Casti (2—6 samostatnych vzoriek), ktoré boli po prekodovani
zaradené medzi bezné vzorky. Ako porovnavacie kritérium pri ich vy-
hodnocovani sa pouZil interval spolahlivosti udavany laboratoriom pre jed-
notlivé determinanty. Na zaklade paralelnych analyz mozZno determinanty
rozdelit do Styroch skupin s takouto spolahlivostou merani:

1. Location data:
— field number of sample — derived from the number of map sheet
(1:50000),
— analytical number of sample — starting with 1 and chronologically
ordered as the samples arrived to the laboratory,
— the name of the organization and the collector,
2. Descriptive data
— date of collection,
— weather conditions during collection — numerical code,
— type of source — spring, drillhole, adit, well, dewatering system with
a detailed source description (e.g. spring type, drillhole depth, etc.),
— character of rock environment — site of water-sample collection.
3. Results of field measurements and determinations of temperature of
water, pH, conductivity, soluble O,, acidity, alkalinity and discharge.

3.2. Chemical Analyses

The groundwater samples were analysed for the contents of 32 variables
(elements, anions, chemical oxygen consumption and aggressive CO,) in
a hydrochemical laboratory of INGEO Inc. Zilina. Each variable illustra-
ted on a map of element areal distribution was determined by a single ana-
Iytical method. A review of analytical techniques applied to individual va-
riables is given in Tab. 1. The table also shows detection limits of techni-
ques used, reliability intervals of analytical results at ten times the detection
limit and description of analytical instruments used. Aside from variables
given in Tab. 1, pH and alkalinity 8.3 values were also determined in the
laboratory to check the field measurents. Tl was determined only in the
first 2500 water samples because all determinations indicated contents
below the detection limit of the method used (0.001mg.1"). As regards the
accuracy of the analyses, maximum permissible analytical errors were spe-
cified on the basis of equivalent balance of total cations and anions and
with respect to T.D.S. If these maximum errors were exceeded, the analy-
ses was repeated. The permissible errors in relation to T.D.S. are as fol-
lows:
T.D.S<50mg.I* up to 10%
T.D.S=50-150mg.I"* up to 5%
T.D.S>150mg.I* up to 3%
The accuracy of analytical data was continuously assured by the system of
analytical quality assurance (AQA) corresponding to European standards
of the series EN 45 000and to the principles of good laboratory practice.
The AQA system was based upon:
—selection of reliable procedures,
—usage of calibrated analytical instruments,
—usage of certified reference materials for water calibration,
—internal checks through regulation diagrams,
—external checks through the analyses of check samples,
—external audit of analytical procedures and the system of internal analy-
tical quality assurance.
The whole system of analytical quality assurance was designed and organi-
zed by an independent group of analysts.
The analytical methods and calibration procedures applied in the labora-
tory complied with international standards. Metrologic sequence of cali-
bration procedures was assured by certified reference materials CDN-
-SLRS-2, SRM 1643-C and CRM-398. Regulation diagrams included in
the internal analytical quality assurance system were regularly checked by
external auditors, and regulation limits were exceeded only exceptionally
throughout the project duration. In such cases, the method was immedia-
tely recalibrated. The external checks of analytical quality assurance com-
prised interlaboratory analyses of water samples, spiked samples, certified
reference materials and parallel samples. The check samples with changed
labels were always dispatched along with common samples.
The interlaboratory comparisons included 11 parameters which were asses-
sed on 22 samples. The biggest differences occurred in the determination
of filtered and unfiltered Al, but in this case the analyses of reference labo-
ratories were unreliable. The analyses of coded certified reference materials
checked by the INGEO laboratory revealed only negligible differences, i.e.
the laboratory analyses of all analysed materials were accurate and precise.
Accounting for about 6% of all collected samples, parallel samples were
analysed throughout the project duration.
By the analysis of a parallel sample, the sample was divided into several
parts (2 to 6 separate samples) that were then relabelled and mixed among
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1. skupina (spolahlivost merani na irovni do 10 %): litium, vapnik,
stroncium, mangan, amonium, fosforeCnany, kyselina kremicita,
arzén, kadmium, selén, olovo, ortut, antimon a filtrovany hlinik.

2. skupina (spolahlivost merani na urovni 10—20 %):sodik, draslik,
horcik, chrém, sirany, hydrogénuhliitany, med’, barium, dusi¢nany.

3. skupina (spolahlivost merani na urovni 20—50 %):fluoridy,
chloridy, zinok.

4. skupina (spolahlivost merani na urovni >50%): zelezo, chemicka
spotreba kyslika, nefiltrovany hlinik.

other samples. A reliability interval specified by the laboratory for indivi-
dual analyses was employed as a comparative criterion by the evaluation.
On the basis of parallel analyses, the analysed materials fall into four
groups.

Group 1: (measurement reliability below 10 %)

lithium, calcium, strontium, manganese, ammonium, phosphates, silica,
arsenic, cadmium, selenium, lead, mercury, antimony and filtered aluminium
Group 2: (measurement reliability 10—20 %)

sodium, potassium, magnesium, chromium, sulphates, hydrogencarbona-
tes, copper, barium, nitrates

PREHLAD METOD, ICH DETEKENYCH LIMITOV, TAB. 1
INTERVAL SPOLAHLIVOSTI PRI KONCENTRACIACH
DESATNASOBKU DETEKENYCH LIMITOV A ANALYTICKYCH PRISTROJOV

A REVIEW OF TECHNIQUES, THEIR DETECTION LIMITS,
CONFIDENCE INTERVALS AT CONCENTRATIONS CLOSE TO TEN TIMES
THEIR DETECTION LIMIT AND ANALYTICAL INSTRUMENTS USED

Prvok, zlozka Detekceny limit (DL) / Detection limit Interval spolahlivosti / Confidence interval Metoda Specifikacia pristroja
Element, Compound (mg.1™) (mg.I'™h) Method Type of instrument
Na 0,1 +0,2 AAS — F Varian 1200
K 0,1 +0,2 AAS - F Varian 1200
Mg 1 +0,5 ICP — OES Liberty 200, Varian
Ca 1 +0,75 ICP — OES Liberty 200, Varian
Sio, 0,5 +0,55 SPFM Spekol 11, Carl Zeiss
NH, 0,05 +0,02 SPFM Spekol 11, Carl Zeiss
F 0,1 +0,015 ISE pX, OP 208/1Radelkis
Cl 0,1 +0,3 T pX, OP 208/1Radelkis
NO4 0,5 +0,4 ITHP ZKI1 02, Labeco
SO, 0,3 +0,5 ITHP ZKI 02, Labeco
HCO, 0,1 +2,1 T -
PO, 0,05 +0,01 SPFM Spekol 11, Carl Zeiss
Fe 0,01 +0,01 ICP — OES Liberty 200, Varian
Mn 0,005 +0,005 ICP — OES Liberty 200, Varian
Cr 0,0005 +0,0006 AAS — ETA 4100 ZL, Perkin Elmer
Pb 0,001 +0,001 AAS — ETA 4100 ZL, Perkin Elmer
Cd 0,0005 +0,0004 AAS — ETA Spectr AA 300 s GTA, Perkin Elmer
As 0,001 +0,0005 AAS — MHS Spectr AA 300 s GTA, Varian
Se 0,001 +0,0006 AAS — MHS Spectr AA 300 s GTA, Varian
Cu 0,0005 +0,0007 AAS — ETA Spectr AA 300 s GTA, Varian
Al 0,01 +0,01 ICP — OES Liberty 200, Varian
Zn 0,001 +0,002 AAS — F Spectr AA 300 s GTA, Varian
Hg 0,0002 +0,0002 AAS — CV Varian 1475B s VGA-76
Sb 0,0002 +0,0003 AAS — MHS Spectr AA 300 s GTA, Varian
Ba 0,01 +0,005 ICP — OES Liberty 200, Varian
Li 0,002 +0,002 ICP — OES Liberty 200, Varian
Sr 0,01 +0,005 ICP — OES Liberty 200, Varian
ChSKy,/ CODy, 0,08 +0,1 T -
agr. CO,/aggr. CO, 2,2 +4,62 T -

ICP — OES = opticka emisna spektrofotometria — indukéne viazana plazma

AAS — F = plamenova atomova absorpéna spektrofotometria

SPFM = spektrofotometria

AAS — ETA = atdmova absorp&na spektorofotometria — elektrotermicka atomizacia
ISE = ionselektivne elektrody

AAS — CV = atdbmova absorpc¢na spektrofotometria — studena para

ITPH = izotachoforéza

AAS — MHS = atomova absorpcna spektrofotometria — metoda generovania hydridov
T = acidobazicke titracie

3.3. Zhromazdovanie udajov
Vsetky udaje o vzorkach podzemnych vod (lokalizacia, vysledky terénnych
merani a analyzy vod) sa uchovavali v databazovom programe dBASE IV.

Spravnost vsetkych udajov (vratane vylucenia moznych chyb pri digitali-
zacii prvotnych udajov pred definitivnym odsuhlasenim databazy) bola
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ICP — OES = optical emission spectrophotometry — inductively coupled plasma
AAS — F = flame atomic absorption spectrophotometry

SPFM = spectrophotometry

AAS — ETA = atomic absorption spectrophotometry — electrothermic atomization
ISE = ionselective methods

AAS — CV = atomic absorption spectrophotometry — cold vapour

ITPH = isotachophoresis

AAS — MHS = atomic absorption spectrophotometry — hydride-generation method
T = acidobasic titrations

Group 3: (measurement reliability 20—50 %)

fluorides, chlorides, zinc

Group 4: (measurement reliability above 50 %)

iron, chemical oxygen consumption, unfiltered aluminium



podrobena dvojstupnovej kontrole viacerymi nezavislymi pracovnikmi.
Kazda chemicka analyza vzorky vody sa konfrontovala s horninovym pros-
tredim obehu podzemnych vod. Ku kazdej vzorke vody sa potom priradili
topografické suradnice (X, y) odberovych bodov, digitalizované z map mierky
1:50000v suradnicovom systéme JTSK.

3.4. Prezentacia vysledkov a statistické spracovanie udajov

Na spracovanie geochemického atlasu podzemnych voéd Slovenskej
republiky sa pouZilo 16 359vzoriek vdd, ¢o pri 35 meranych a stanovo-
vanych fyzikalnych a chemickych parametroch predstavuje vyse 570000
individualnych udajov. Praca s databazami sa realizovala na osobnych
pocitacoch s pouzitim softwarovych celkov MADAM-G — monoprvkové
mapy, Excel, verzia 5.0 —zakladna Statistika a korelacie a Quatro Pro,
verzia 5.0 —systemizaéné diagramy. Udaje ziskané pri geochemickom
vyskume podzemnych vod Slovenskej republiky su prezentované formou
monoprvkovych map v mierke 1:1000000Podla dosiahnutych analytic-
kych vysledkov sa pouzivali dva zakladné spdsoby grafického znazorne-
nia, a to plosné farebné mapy (viac nez 50 % analytickych vysledkov nad
detek¢ény limit) a bodové mapy (viac nez 50 % analytickych vysledkov
pod detekény limit). V pripade ploSnych map, kde viac nez 5% analytic-
kych vysledkov nedosahovalo detekény limit, sa miesta odberu vzoriek
s obsahom prvku pod detekény limit znazornili bodovou znackou. Pri
konStrukcii map a pri vSetkych dalSich matematicko-Statistickych vypo-
Ctoch sa obsahy prvkov pod detekény limit konvenéne nahradzali polo-
viénou hodnotou detekéného limitu.

Plosné mapy

Zakladnym prvkom ploSnej monoprvkovej mapy je Stvorec so stranou
1 mm, ¢o reprezentuje plochu 1 km? Pre kaZdy stvorec je poéitana pri-
slusna hodnota obsahu prvku z primarnych analytickych dat, z nepravidel-
nej odberovej siete (1 vzorka na 3 km?). Vypocet prebieha v dvoch krokoch.
V prvom sa pre kazdy Stvorec vyrataju vazené priemery na zaklade inverz-
nych vzdialenosti (1/D?) od centra tohto $tvorca k najbliz§im 20 vzorkam.
V druhom kroku vypoctov sa obsahy v jednotlivych Stvorcoch lokalne
vyhladzuju metodou kizavého priemeru, pricom do vypoétu vstupuji hod-
noty deviatich susediacich Stvorcov.

Na znazornenie rozpitia koncentracie je pouzita 15-stupnova farebna ska-
la, od ¢ervenej po modru. Zaciato¢ny a posledny interval su otvorené.
Intervaly hodnot rozpitia jednotlivych tried su nepravidelné a zadavané
empiricky. Su volené tak, aby vyjadrovali geochemické zakonitosti znazor-
novaného prvku v danych prirodnych podmienkach Slovenska pri reSpek-
tovani celkovej distribucie prvku. Ako hrani¢né hodnoty niektorych inter-
valov sa pouZzili aj najdoleZitejSie normované hodnoty vyjadrovaného prvku
z vodného hospodarstva a ekologie. Plosné mapy doplnaju frekvenéno-
-distribu¢né histogramy ukazujuce distribuciu vazenych a vyhladenych geo-
chemickych udajov v jednotlivych bunkach. Pouziva sa rovnaka farebna
skala.

Bodové mapy

Velkost kruzku na bodovych mapach vyjadruje koncentraciu vyjadrovaného
prvku. Znazornené su len obsahy prevySujuce detekény limit. Pouzitych je
5 alebo 6 intervalov koncentracného rozpétia jednotlivych tried. Spodny
interval je uzavrety hodnotou detek¢ného limitu, horny interval je otvore-
ny. Hranice tried sa volili takisto empiricky, s ohladom na geochemické
vlastnosti prvku, charakter jeho celkovej distriblicie a normativami plat-
nymi v oblasti vodného hospodarstva.

Zakladné Statistické spracovanie

Pre kazdy prvok su z celého suboru (16 359vzoriek) vypocitané zakladné
Statistické parametre z primarnych analytickych udajov. Uvadza sa arit-
meticky priemer so Standardnou odchylkou a pravdepodobnostou pri
hladine vyznamnosti 95 %, median, geometricky priemer, minimalna
a maximalna hodnota 25-ho, 750 a 95-ho percentilu. Pri kaZzdom
prvku sa uvadza detek¢ény limit a poc¢et nameranych hodnot pod detek-
¢ny limit. Distribucia koncentracie prvkov je udana dvoma sp6sobmi.
V hornom histograme je vyjadrena v logaritmickej stupnici pri zaklade
V2 (s vynimkou pH) s otvorenym poslednym intervalom. V dolnom je
v aritmetickej stupnici s intervalmi navrhnutymi pocitacom do 99,8+ho
percentilu. V obidvoch histogramoch su zndzornené kumulativne frek-
venéné krivky.

3.3. Collecting Data

All data on groundwater samples — site, results of field measurements and
analyses of waters were stored in the database programme dBASE IV. The
accuracy of all data was checked by several independent workers in two sta-
ges. The checks included also elimination of possible errors caused during
the recording of primary data. Each chemical analysis of a water sample
was confronted with the rock environment of relevant groundwater circu-
lation. Each sample was then given topographic coordinates x, y digitalized
from sample points marked on topographic maps at scale 1:50000in
JTSK coordinate system.

3.4. Data Presentation and Statistical Data Processing

16 359 water samples were used to compile the Geochemical Atlas of
Slovakia’s Groundwaters. 35 physical and chemical parameters were deter-
mined in each sample which gives a total of 0.57 million individual data.
The data were processed and single-element maps were generated on per-
sonal computers PC—Pentium using software MADAM-G for single-ele-
ment maps, Excel 5.0 for basic statistics and correlations, and Quatro Pro
5.0for systemization diagrams. The data obtained during geochemical rer-
search of Slovakia’s groundwaters are illustrated on single-element maps at
scale 1:1000000With regard to the obtained analytical results, two basic
ways of graphic illustrations were used — colour areal maps (more than
50% of analyses exceeded detection limit) and point maps (more than
50%of analyses were below detection limit). On the areal maps where more
than 5% of analyses were below detection limit, sample sites where the
content of the relevent element was below detection limit were marked by
a point. By the compilation of maps and all other mathematic-statistical
calculations, all element contents below detection limit were replaced by
a half of the detection limit.

Areal Maps

Basic element of the areal single-element map is a 1 mm X 1 mm cell repre-
senting the area of 1 km?2 The content of relevant element in each cell was
calculated from primary, irregularly distributed analytical data (1 sample
per 3 km?). The calculation consisted of two steps. In the first one, weigh-
ted averages for each cell are calculated from inverse distances (1/D?) from
the centre of the cell to the nearest 20 samples. In the second step, the con-
tents in individual cells are locally smoothed by moving-average method
from nine adjacent samples.

The concentrations were marked by 15 different colours ranging from red
to blue. The first and last interval are open.

The intervals of individual colour classes are irregular and were determined
empirically. They express geochemical characteristics of a given element in
Slovakia’s natural conditions with respect to the overall distribution of the
element. The limits of some intervals correspond to the most important
standard values of the investigated element in water management and eco-
logy. The areal maps are accompanied by frequency-distribution histo-
grams showing the distribution of weighted and smoothed geochemical
data in individual cells in the same colour spectrum.

Point Maps

These maps express elemental concentrations by circles of different size.
Only contents above detection limit are illustrated. 5 or 6 classes of ele-
mental contents are distinguished. The lower limit equals detection limit
and the upper one is open. The limits of individual classes were determined
empirically with respect to the element’s geochemical characteristics, ove-
rall distribution and contents in water-management standards.

Basic Statistical Processing

Basic statistical parameters for each element were calcultaed from primary
analytical data on 16 359samples. The parameters include arithmetic mean
with standard deviation and probability at importance level 95%, median,
geometric mean, minimum and maximum values as well as 25, 75and 95%
importance levels. Detection limit for each element and the number of analy-
ses below the detection limit are given as well. The distributions of elemental
contents are illustrated in two ways. The upper histogram gives the contents
in V 2 logarithmic scale (except for pH) with an open last interval while the
lower histogram uses arithmetic scale with computer-generated intervals up to
99.8 %importance level. Both histograms show cumulative frequency curves.
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4. PRIRODNE POMERY

Chemické zloZzenie podzemnych vod je hlavnou a rozhodujucou mierou
determinované prirodnymi podmienkami obehu a vyskytu podzemnych
vod, tzv. primarnymi genetickymi faktormi tvorby chemického zloZenia
podzemnych vod (21), ktoré urCuju charakter, smer a intenzitu minerali-
zacnych procesov. V prirodnych podmienkach Slovenska sa ako najdolezi-
tejSie primarne genetické faktory uplatiuju: geologicka stavba a mineralo-
gicko-petrograficky charakter horninového prostredia, fyzikalno-chemické
vlastnosti zdrojovych vod a hydrodynamické, termodynamické a oxidac¢no-
redukéné podmienky ich obehu. Vyznamna je dalej morfologia terénu, cha-
rakter podneho pokryvu a vegetacie a Zivotna ¢innost mikroorganizmov.
Pri hydrogeochemickom prieskume preto treba charakterizovat klimatické,
hydrologické a hydrogeologické pomery skiimanej oblasti aj vlastnosti zraz-
kovych vod.

4.1. Klimatické podmienky

Poloha Slovenska v strednej Eurdpe, vel'ka vertikalna Clenitost a pretiahnuty
tvar jeho uzemia vychodo-zdpadnym smerom podmienuju relativne velku
pestrost klimatickych pomerov. Prechodné podnebie medzi oceanskym a kon-
tinentalnym je zaroven charakteristické neprestajnym striedanim vplyvu mori
a pevniny, ¢o podmienuje premenlivost pocasia.

Z hladiska teplotnych pomerov pribuda na Slovensku od zapadu na vychod
kontinentalny raz chodu ro¢nych teplot. NajteplejSim mesiacom je august
a najchladnejSim februar. NajvysSie priemerné teploty vzduchu ma Bra-
tislava, kde priemerna ro¢na teplota v r. 1951 —-198Qosahovala 10,5°C.
Najniz§ia priemerna ro¢na teplota vzduchu bola vo Vysokych Tatrach
(Lomnicky §tit iba -3,9°C) (41).

Na tvorbu zasob podzemnych vod majua vel'ky vyznam zrazky, a to najméa
vo forme snehu. Najvhodnejsie podmienky na doplnanie zasob podzemnych
vod st v zimnom a jarnom obdobi. Voda infiltruje postupne pri topeni
snehu a menej sa uplatiuje jej povrchovy odtok. O priamom doplnovani
podzemnych vod infiltraciou z letnych zrazok mozZno hovorif iba vtedy,
ked ide o dlhotrvajuce vydatné dazde, pripadne na tizemi so $pecifickymi
hydrogeologickymi podmienkami (napr. krasové oblasti). Letné zrazky
ovplyviiuju bilanciu vlahy a soli prevazne iba v pddnej vrstve. Na zrazky su
najchudobnejsie niziny (Zahorska, Podunajska, Vychodoslovenska) a kot-
liny. Pri 10-percentnej klimatickej zabezpeCenosti tu za obdobie 1951 az
1980 dosiahli priemerné ro¢né uhrny zrazok 700—800mm a pri 90-per-
centnej zabezpeCenosti 400—500mm. NajbohatSia na zrazky je vysoko-
horska oblast Tatier, kde pri 10-percentnej zabezpeCenosti prekracuje
roCny zrazkovy priemer 1600 mm a pri 90-percentnej zabezpeCenosti
1000mm (obr. 1a 2). Najmenej zrazok je v zimnych mesiacoch (februar),
najviac v letnych mesiacoch (jul). Podla celorocného tihrnu zraZok patri
Slovensko do oblasti s dostatoénou vlahou. Cast zrazok v zimnom obdobi
spadne vo forme snehu s roznou dizkou trvania snehovej pokryvky. Rela-
tivne najdlhSie lezi snehova pokryvka vo vysokych pohoriach, 80 aj 90 %
roka (nad 1500m nadmorskej vysky), najkratSie v Podunajskej a Zahorskej
nizine (40—50dni v roku) (28).

Dolezitym c¢initefom formovania zasob podzemnych vod je vypar. Prie-
merné ro¢né uhrny evapotranspiracie dosahuju v Podunajskej a Vychodo-
slovenskej nizine 450—460mm. V priemere najmensie rocné thrny (pod
300 mm) pripadaju na najvyssie polohy Tatier, maximalne (nad 500 mm)
sa vyskytuju v predhoriach, kde tvoria 60—75 %priemernych ro¢nych uhr-
nov zrazok. RozloZenie priemernych uhrnov evapotranspiracie za obdobie
1951-198(@e na obr. 3 (53)

4.2. Chemické zlozenie zrazkovych vod

Vychodiskovy stav celého systému tvorby chemického zloZenia podzem-
nych vod predstavuje chemické zlozZenie atmosférickych vod. Atmosféru
mozno z energetického hladiska latkovej premeny pokladat za otvoreny
systém, v ktorom je ustidlena rovnovaha geochemickych cyklov prvkov
a latok. Zdrojom tychto prirodnych alebo antropogénnych latok moze byt
rozpustanie vzduSnych plynov prirodného pdvodu, aerosély morského
povodu, terigénny prach a produkty antropogénnej ¢innosti.

Z celkového hodnotenia klimatickych a hydrologickych pomerov Slovenska
vyplyva, zZe velky vyznam pre tvorbu zadsob podzemnych vod maju zimné
zrazky ulozené na zemskom povrchu v podobe snehovej pokryvKky, pretoze
v ¢ase jarného topenia su hlavnym zdrojom doplnania zasob podzemnych

16

4. NATURAL CONDITIONS

Groundwater chemistry is decisively controlled by the natural conditions of
groundwater circulation and occurrence, i.e. by primary genetic factors of
groundwater-chemistry formation (21) which determine the character, di-
rection and intensity of mineralization processes. Major primary genetic
factors under Slovakia’s natural conditions comprise geologic structure,
mineralogic-petrographic character of rock environment, physico-chemical
characteristics of source waters, hydrodynamic, thermodynamic and oxi-
dation-reduction conditions of water circulation. Other important factors are
morphology of the area, soil and vegetation character, and microorganism
activity. The Geochemical Atlas of Slovakia’s Groundwaters gives a brief
characteristics of climatic, hydrologic and hydrogeologic conditions as well
as characteristics meteoric waters.

4 1. Climatic Conditions

Slovakia’s location in Central Europe, its rugged morphology and shape
elongated in east-west direction result in a fairly wide variety of climatic
conditions. Slovakia’s climate is transient between oceanic and continental
one. As a result it is changeable, the effects of the continent alternating
with those of the seas.

As to air temperatures, the territory’s continental character increases from
the west to the east. August is the hottest and February the coldest month.
The highest average air temperatures occur in Bratislava where average
annual temperature in 1951 —198lamounted to 10.5°C. The lowest ave-
rage annual air temperature, a mere -3.9°C, is in the Vysoké Tatry (Mt.
Lomnicky stit) (41).

The recharge of groundwater reserves is controlled by precipitation,
mainly snowfall. The best conditions to recharge groundwater reserves
are in winter and spring. Water from melting snow seeps slowly into the
ground, surface runoff being less important. Summer rainfall can recharge
groundwater reserves only in case of long-lasting heavy rains or in areas
with specific hydrogeologic conditions, such as karst. Otherwise, sum-
mer rainfall influences water and salt balance only in soil layer. The
driest areas in Slovakia are lowlands (Zahorie, Danube, Eastern Slo-
vakian) and basins which received only 700 —800mm/yr of precipitation
at 10 %climatic probability and 400 —500mm/yr at 90 % probability bet-
ween 1951 and 1980.The most abundant precipitation falls in the Tatry
Mts. where it exceeds 1 600mm/yr at 10 % probability and 1 000mm/yr
(Fig. 1 and 2) at 90 % probability. Winter is the driest season (February)
and summer the wettest (July). Slovakia’s annual precipitation is suffi-
cient. The precipitation partly comes in the form of snowfall, the dura-
tion of snow cover being variable. In high mountains it remains over 80—
90 days (in altitudes above 1500m) while in the Danube and Zahorie
Lowlands only 40—-50days (28).

The formation of groundwater reserves is significantly influenced by
evaporation. Average annual evapotranspiration in the Danube and
Eastern Slovakian Lowlands attains 450 —-460mm. The lowest annual
evapotranspiration (below 300 mm) occurs in the highest sections of
the Tatry. The highest evapotranspirations (over 500 mm) occur on
foothills where they account for 60— 75 %of average annual precipita-
tion. The distribution of annual evapotranspiration in 1951 —1980s in
Fig. 3 (53).

4.2. Chemical Composition of Meteoric Waters

The initial state of the entire system of the formation of groundwater che-
mistry corresponds to the chemistry of meteoric waters. As regards the
energy of material exchange, the atmosphere may be considered an open
system with a constant balance of geochemical cycles, elements and mat-
ters. The sources of these either natural or man-made substances can gene-
rally be divided into:

1. Dissolution of atmospheric gases of natural origin, 2. aerosoles

of marine origin, 3. terrigenous dust, 4. man-made products.

An overall evaluation of climatic and hydrologic conditions in Slovakia
reveals that the formation of groundwater reserves is substantially influen-
ced by winter precipitation deposited on the earth surface in the form of
snow blanket which during spring melting is the main source to resupply
groundwater reserves, particularly in mountainous areas. That is why we
applied the results of 20-year-long monitoring of snow-cover quality to



Obr. 1

Priemerny uhrn zréZzok v. mm pri
10% klimatickej zabezpecenosti
za obdobie 1951 - 1980

Fig. 1

Average total precipitation in mm
at 10% climatic security between
1951 and 1980

Obr. 2

Priemerny thrn zraZzok v mm pri
90% klimatickej zabezpecenosti
za obdobie 1951 - 1980

Fig. 2

Average total precipitation in mm
at 90% climatic security between
1951 and 1980

Obr. 3

Priemerné hodnoty
evapotranspiracie v mm
za obdobie 1951 - 1980

Fig. 3

Average evapotranspiration
values in mm between
1951 and 1980

17



vod, najméa v horskych oblastiach. Preto sa pri hodnoteni chemického zlo-
Zenia zrazkovych vod uplatnuju vysledky 20-roéného monitorovania kvality
snehovej pokryvky. Reprodukovatelnost tychto udajov sa v pozZadovanej
miere zabezpecila porovnanim s hodnotami mokrej a suchej depozicie za
niekol’ko zimnych polrokov na pozadovej zrazkomernej stanici EMEP
Chopok (2).

Chemické zloZenie snehovej pokryvky na Slovensku, stanovené na zaklade
vysledkov monitorovania nepravidelnej siete 44 odberovych miest (1976az
1995),je vel'mi variabilné. Hodnota celkovej mineralizacie sa pohybuje od
3,9 mg.I! do 162, 8mg.l%, pricom najnizsie hodnoty st dokumentované
v oblasti Vysokych Tatier, Nizkych Tatier a Vel'kej Fatry. NajvysSie hodnoty
mineralizacie sa viaZu na nizinné oblasti a medzihorské depresie, kde sa
sustreduje priemysel a pol'nohospodarske aktivity.

V nasSich geograficko-klimatickych podmienkach variabilita chemického zlo-
Zenia snehovej pokryvky odraza predovSetkym povod vzduchovych hmot,
synopticku situaciu, mnozstvo zrazok (v pripade snehovej pokryvky jej vodnu
hodnotu), globalne, regionalne a lokalne znecistenie atmosféry, charakter
suchého spadu (morska, terestricka, antropogénna emisia), dizka trvania
snehovej pokryvky a chod teplot vzduchu.

Vyznamné su poznatky o acidite vody z roztopeného snehu, ktora intera-
guje najskor s vegetacnym a pddnym profilom a potom s horninovym pro-
stredim, priCom sa jej chemické zloZzenie metamorfuje a nastavaju nega-
tivne zmeny najma v podnom profile (zniZovanie obsahu bazickych kationov
a nutrientov). Dosledky tychto zmien postihuju vegetaciu. Takéto procesy
si aktualne najmid v oblastiach budovanych granitoidnymi horninami
v Tatrach. Z tohto hladiska je vyznamny fakt, Ze takmer polovica vzoriek

(46,9%)ma hodnotu pH<4,4a viac ako 10% vzoriek hodnotu pH<4,0.

Na druhej strane sa vyskytuju pripady s pH v rozmedzi hodnét 9—10,¢0 je
zapriCinené alkalickymi uletmi najmd v blizkosti cementarni a magnezi-
tového priemyslu.

Predstavu o chemickom zloZeni snehovej pokryvky mozno dokumentovat
na hmotnostnom zastpeni hlavnych katiénov a aniénov (eq.I™):

Ca>NH,>Mg>Na>K (22Ilokalit) SO,>CI>NO; (22 lokalit)
Ca>Mg>NH,>Na>K (9 lokalit) SO,=CI>NO; (7 lokalit)
Ca>NH,>Na>Mg>K (6 lokalit) C1>SO,>NO; (4 lokality)
NH,>Ca>Na>Mg>K (6 lokalit) SO,>NO;>Cl (1 lokalita)
Mg>NH,>Ca>Na>K (1 lokalita)

Na obr. 4a—d je schematicky vyjadrena distribucia strednych hodnot
(medianov), celkovej mineralizacie, dusi¢énanov a siranov pH z obdobia r.
1976az 1995.Ostatné sledované zlozky su charakterizované zakladnymi

assess meteoric-water chemistry. The reproducibility of these data was con-
firmed by a comparison with wet and dry depositions during several winter
halfyears at the background precipitation-measurement station EMEP —
Chopok which yielded similar results (2).

The results from an irregular monitoring grid composed of 44 sample sites
suggest that the chemical composition of Slovakia’s snow cover is highly
variable. T.D.S. varies from 3.9to 162.8mg.I%, the lowest values being in
the Vysoké Tatry, Nizke Tatry and Vel'ka Fatra Mts. The highest T.D.S.
values occur in lowlands and intramontane depressions where industry and
farming are concentrated.

In our geographic-climatic conditions, the variations in snow-blanket che-
mical composition reflect mainly:

1. Origin of air masses,

2. Synoptic situation,

3. Amount of precipitation (water content of snow blanket),

4. Global, regional and local air pollution,

5. Character of dry fallout (marine, terrestrial, man-made emissions),

6. Duration of snow blanket,

7. Air temperature pattern.

Valuable knowledge was gained on the acidity of water from melted
snow which interacts with vegetation and soil and subsequently with
rock environment. The water chemistry alters in the process and, as a re-
sult, adverse changes take place mainly in soil (contents of basic ka-
tions and nutrients fall) and later also in vegetation. These processes
are particularly pronounced in areas underlain by granitoid rocks in the
Tatry Mts. In this connection it is noteworthy that nearly a half of the
samples (46.9 %) has pH<4.4 and more than 10 % displays pH <4.0.
On the other hand, pH sometimes attains 9—10due to alkaline emis-
sions mostly from cement and magnesite plants which adversely affect
the environment.

The snow-blanket chemistry is illustrated by the following weight composi-
tion of principal cations and anions (eq.l™):

Ca>NH,>Mg>Na>K (22sites) SO,>CI>NO; (22sites)
Ca>Mg>NH,>Na>K (9 sites) SO,=CI>NO; (7 sites)
Ca>NH,>Na>Mg>K (6 sites) CI>SO,>NO; (4 sites)
NH,>Ca>Na>Mg>K (6 sites) SO,>NO,;>Cl (1 sites)
Mg>NH,>Ca>Na>K (1 site)

Fig. 4a—d schematically shows the distribution of medians of T.D.S., ni-
trates, sulphates pH between 1976 and 1995. The other investigated
components are characterized by basic statistical parameters in Tab. 2.

PRIE'MERI'\IE CHEMICKE ZLOZENIE SNEHU 5 ) TAB. 2 AVERAGE SNOW CHEMISTRY IN SLOVAKIA (1976 - 1995)
NA UZEMI SLOVENSKA V R. 1976 - 1995 (POCET ANALYZ 787) (NUMBER OF ANALYSES - 787)

Zlozka Priemer Median Standardna odchylka Minimum Maximum
Component Average Median Standard deviation Minimum Maximum

MIN / TDS 17,07 12,82 14,26 3,90 162,78

pH 4,88 4,60 0,93 3,70 9,42

H 0,0360 0,0251 0,0348 0,0000 0,2630

Sio, 0,74 0,58 0,68 0,02 7,45

Na 0,37 0,19 1,19 0,01 28,09

K 0,18 0,11 0,48 0,01 9,50

Nh, 0,88 0,60 1,16 0,01 23,20

Mg 0,34 0,21 0,44 0,01 4,54

Ca 1,70 0,98 2,31 0,09 24,20

Mn 0,037 0,014 0,098 0,001 1,496

Fe 0,253 0,140 0,351 0,008 3,500

Zn 0,0466 0,0230 0,1185 0,0022 2,8500

Cu 0,0052 0,0029 0,0181 0,0002 0,3900

Cl 2,33 1,44 2,83 0,10 45,20

NO, 2,65 2,20 2,02 0,00 30,60

SO, 521 4,10 4,68 0,41 78,63

Poznamka: Véetky hodnoty st udané v mg.I"
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Statistickymi parametrami v tab. 2. Maximalne obsahy siranov, foriem dusika
a chloridov su zapriCinené v prevaznej miere emisiami SOx, NOx pripadne
Cl. Pomerne velky podiel na chemickom zloZeni snehu ma tzv. morsky sprej
(Na a Cl) a terigénny material (najma Ca, v naSich podmienkach st vSak
najvysSie obsahy viazané na okolie cementarni a Upravni magnezitu, kde sa
hodnoty pH pohybuju okolo 9,0). Maximalne obsahy Zn, Fe a Mn su typické
pre vel'ké mestské aglomeracie so sustredenym priemyslom.

4.3. Hydrologické pomery

Geologicka stavba Slovenska a povrchova modeldcia izemia podmienili
vznik certifugalnej riecnej siete. Spod ustrednej klenby Zapadnych Karpat,
ktoré zaberaju prevaznu Cast Slovenska, vytekd na vSetky strany prevazna
vac¢Sina vyznamnejSich riek.

Severnou astou Slovenska sa faha rozvodie medzi imoriami Baltského a Cier-
neho mora (tvori Cast hlavného eurdpskeho rozvodia), ktoré oddeluje od seba
na jednej strane povodie Odry a Visly a na druhej strane povodie Dunaja a Tisy.
Tieto hlavné rozvodnice delia tizemie Slovenska na tri hlavné povodia, a to
povodie Dunaja s riekami Morava, Vah, Nitra, Hron, Ipel’, povodie Tisy s rie-
kami Latorica, Laborec, Uh, Ondava a Topla vlievajuca sa do Bodrogu a po-
vodie Dunajca (pritok Visly) so svojim hlavnym pritokom riekou Poprad.
Geologicka stavba uzemia ovplyvnila aj hustotu rieénej siete. NajvacSia
hustota, aZ 2,5km.km™, je na izemiach budovanych slabo priepustnymi aZ
nepriepustnymi sedimentmi paleogénu (severna a severovychodna Cast Slo-
venska), najmensia hustota iba 0,1 km.km™ na priepustnych vapencovo-
-dolomitovych komplexoch mezozoika. Priemerna hustota rieCnej siete na
Slovensku je 0,88km.km™.

NajvodnatejSimi slovenskymi riekami, okrem Dunaja s priemernym ro¢nym
prietokom 1992m3s* a Moravy so 108 m3.s™, st rieky Vah s priemernym
prietokom 153 m3s™ a Bodrog so 115m®s™. NiZ§ie priemerné roéné prie-
toky maju rieky Nitra (18,1 m3s™), Hron (49,5 m3s™), Ipel' (20,6 m3s™)
a Slana (13,8m3s™). S vodnatostou tokov nie je viak vZdy totozny podiel
jednotlivych povodi na celkovom mnozstve vody odtecenej z tizemia Slo-
venska. Najvicsi podiel ma povodie Vahu, ktoré v hornej ¢asti povodia od-
vadza az 28,3 %z celkového rocného objemu odtoku Slovenska, najmensi
podiel predstavuje Ciastkové povodie Ipla —iba 4,5 %.

Rezim slovenskych riek je vysledkom niekol'kych zdrojov zasobovania — daz-
da, snehu a podzemnych vod. Zakladnou ¢rtou spolo¢nou pre vsetky toky
uzemia Slovenska je prevaha vysokych prietokov v jarnom obdobi a nizke
prietoky v letnych a zimnych mesiacoch s miernym zvySenim v jeseni.
Fyzicko-geografické faktory spdsobuju Sirsie rozpétie rozdielov merného odto-
ku. V najsuchSich a najteplejSich oblastiach na juhozapade Slovenska s najniz-
$imi zrazkami a najvacsim klimatickym vyparom (Podunajska a Vychodosloven-
sk nizina) klesa merny odtok vod pod 1,51.s*.km™. Na druhej strane v najvih-
Sich a najchladnejSich oblastiach — v povodi Vahu, Hrona a Popradu, kde su naj-
vacsie zrazky a najnizsi klimaticky vypar, merny odtok dosahuje az 60,01.s2.km?
Hodnoty odtoku v ostatnych povodiach sa pohybuju medzi tymito extrémami.
Osobitné postavenie z tohto hladiska ma Dunaj, ktory za vysoky merny odtok,
aky maju na Slovensku iba toky horskych oblasti, vdaci vysokohorskému cha-
rakteru Casti svojho povodia leZiacej mimo uzemia Slovenskej republiky.

4.4. Hydrogeologické pomery

Uzemie Slovenska v prevaznej miere zaberaju Zapadné Karpaty. Rozsiahle
alpinotypné vrasnenie im dalo charakter zloZitého horského systému s kla-
sickou prikrovovou stavbou, ¢o sa odraza vo vel'kej zloZitosti hydrogeolo-
gickych podmienok obehu podzemnych vod. V zavislosti od tektonickej
stavby Strukturno-hydrogeologickych podmienok mozno vy¢lenit niekol'ko
hydrogeologickych regionov a celkov s odliSnymi podmienkami formovania
a cirkulacie vod (25) (obr. 5).

Pozdiz vonkajsieho okraja Zapadnych Karpat sa taha flySové pasmo spolu
s bradlovym pasmom o rozlohe 8 000 km?2 Okrajmi hlboko zasahuju do
vnutornych Zapadnych Karpat, kde sa nachadzaju sedimenty vnutrokar-
patského paleogénu v rozlohe okolo 3800km?. Su to prevazne rytmicky sa
striedajuce kriedové a paleogénne pieskovce a ilovce flySovej litofacie. Obeh
podzemnych vod je viazany na tektonické pukliny zvetravania obvykle do
hibky 50 m. Velké dislokacie podmienuju hlbsi obeh podzemnych vod,
pozdiz ktorych z hlbokého podlozia vystupuju artézske mineralne vody.
Zvodnenie hornin je vcelku vel'mi nizke. Vydatnost pramenov dosahuje
hodnoty obvykle do 1,01.s?, iba v hrubych pieskovcovych komplexoch sa
ojedinele vyskytuju pramene s vydatnostou 1,0—10,01.s™.

Maximum sulphate, nitrogen and chloride contents are caused largely by
SOx, NOx and/or Cl emissions. So called marine spray (Na and CI) and
terrigenous material (mainly Ca) also considerably influence snow che-
mistry, yet the highest contents of terrigenous material occur in the vici-
nity of cement and magnesite plants where pH values vary around 9.0.
The highest Zn, Fe and Mn contents typically occur around big indus-
trial cities.

4.3. Hydrologic Conditions

Slovakia’s geologic structure and surficial modelling of the territory gave
rise to a centrifugal stream pattern. The vast majority of Slovakia’s rivers
flows from the central West Carpatian arc to all directions.

Northern Slovakia is intersected by a water divide between the Baltic
and Black Sea (part of Europe’s main water divide) which separates
the Odra and Vistula basins from the Danube and Tisa basins. Slovak
territory is divided into three major basins, namely the Danube with
its tributaries Morava, Vah, Nitra, Hron, Ipel’; the Tisa with Latorica,
Laborec, Uh, Ondava, and Topla flowing into the Bodrog; and finally
the Dunajec (tributary to Vistula), its main tributary being the Poprad
River.

The stream density is controlled by the geological structure of the territo-
ry. The highest density, as much as 2.5km.km™, occurs in areas underlain
by poorly permeable to impermeable Paleogene sediments (northern and
northeastern Slovakia), while the lowest density as little as 0.1 km.km? is
on permeable Mesozoic limestone-dolomite complexes. The average stream
density in Slovakia amounts to 0.88km.km™.

Aside from the Danube with average annual flow of 1992 m3s? and the
Morava with 108 m3s?, the biggest Slovak rivers comprise the Vah —
153 m3.s? and Bodrog — 115m3s* followed by Nitra — 18.1m>s™, Hron
49.5m3s?, Ipel 20.6m®s™ and Slana 13.8m>s™. The volume of a river’s
annual flow does not necessarily correspond to the share of its basin in
total river discharge from Slovak territory. The Vah Basin has the biggest
share, as much as 28.3%in the upper section of the basin, while the Ipel
Basin has the smallest share —a mere 4.5%.

The regimes of Slovak rivers result from several recharge sources — rainfall,
snowfall and groundwaters. All Slovak streams are characterized by big flows
in spring, low flows in summer and winter slightly increased in autumn.
Specific discharges vary greatly due to physico-chemical factors. Specific
discharge from the driest and warmest areas in southwestern Slovakia with
the lowest precipitation and highest climatic evaporation (Danube and
Eastern Slovakian basins) falls below 1.5 l.s1.km™. In contrast, specific
discharge from the wettest and coldest areas in the Vah, Hron and Poprad
basins with the most abundant precipitation and lowest climatic evapora-
tion attains as much as 60 l.s*.km™. Discharges from the other basins are
between these two extremes. The Danube’s high specific discharge compa-
rable only with Slovakia’s mountain areas results from the mountainous
character of its basin outside Slovak territory.

4.4. Hydrogeologic Conditions

Slovak territory is occupied largely by the West Carpathians. An extensive
Alpine-type folding created here a complex mountain system with a classi-
cal nappe structure which is responsible for the great complexicity of hyd-
rogeologic conditions of groundwater circulation. Several hydrogeologic
regions and units with different conditions of groundwater formation and
circulation can be distinguished here with regard to the tectonic structure
and structural-hydrogeologic conditions (Fig. 5) (25).

The Flysch Belt and the Klippen Belt stretch along the outer edge of the
West Carpathians on an area of 8000km?. The former extends deep into
the Inner West Carpathians where Inner-Carpathian Paleogene sediments
cover an area of about 3800km?. They consist largely of rhythmically alter-
nating Cretaceous and Paleogene sandstones and claystones of flysch litho-
facies. Groundwater circulation here is bound to tectonic weathering fissu-
res usually up to 50 m deep. Deeper groundwater circulation is controlled
by extensive dislocations along which artesian mineral waters ascend from
deep substratum. Groundwaters are generally extremely scarce here. Springs
mostly do not discharge more than 1 1.s%, only those in thick sandstone
complexes exceptionally discharge from 1 to 101.s™.

Triassic, Jurassic and Cretaceous limestone blocks (Klippen Belt) amidst
impermeable marlstones and/or flysch sediments of Upper Cretaceous and
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Vapencové bradla triasu, jury, kriedy (bradlové pasmo), obalené neprie-
pustnymi slienovcami resp. flySovymi sedimentmi vrchnej kriedy a paleo-
génu maju obmedzeny obeh podzemnych vod. Otvorené su iba smerom
k povrchu, kde boli obnazené denudaciou z bradlového obalu, a preto nevy-
tvaraju podmienky pre viac¢sie akumulovanie podzemnych vod.

Zo Struktarno-geologického hladiska najzlozitejSiu stavbu maju vnutorné
Zapadné Karpaty. Ich typickou Crtou je, Ze paleozoické a krystalické brid-
lice vytvaraju jadra, na ktorych lezi bridlicnato-pieskovcova a karbonatova
litofacia mezozoika (spodny trias az spodna krieda), ¢i uz vo forme obalu
alebo prikrovov. Na nej lezi diskordantne plocho vnutrokarpatsky paleogén
a neogén vnutornych kotlin.

Obeh podzemnych vod v krystaliniku (s rozlohou 4 700km?) je viazany na
pasmo povrchového zvetravania a pasmo zvySenej puklinovitosti, ktoré
zasahuju do hibky 50—60m. Vydatnost pramefiov dosahuje 1,015, oje-
dinele, na vac¢Sich zlomovych liniach aj vysSie. Menej zvodnené su horniny
paleozoika gemerika (flySoidny vyvoj a efuzivny vulkanizmus), ktoré silne
ovplyvnila rozsiahla banska ¢innost.

Najvacsie rozsirenie maju vapencovo-dolomitické komplexy stredného a vrch-
ného triasu, ktoré svojou rozlohou 3800km? st popri kvartérnych sedimentoch
najvacsou zasobarnou vod na Slovensku. Jurské a kriedové sedimenty (rozloha
2500km?) vzhladom na svoj litologicky charakter (bridlice, pieskovce, slienité
vapence a pod.) nemaji vhodné podmienky na akumulaciu podzemnych vod.
Priestorové rozsirenie vapencov a dolomitov triasu je podmienené zlo-
zitymi tektonickymi pomermi. Cast mezozoickych hornin je ulozena vo
forme obalu jadrovych pohori (tatrikum, veporikum a hronikum). Osobitné
postavenie ma mezozoikum gemerika vyskytujuce sa vo forme obalu a Cias-
toéne vo forme prikrovov.

Vapencovo-dolomitické komplexy v dosledku prikrovovej stavby tvoria s¢asti
kryhy plocho ulozené na nepriepustnom podlozi nad er6znou bazou, resp. Cias-
tocne zasahujuce plytko pod eréznu bazu. Vytvara sa tak rezim krasovych vod-
nych tokov, pricom odvodnovanie sa uskutociuje na okraji kryh (obr. 6a 7).
Dalsia ¢ast vapencovo-dolomitickych komplexov je strmo uloZena a ponara

SCHEMATICKA MAPA HYDROGEOLOGICKYCH CELKOV
SLOVENSKA

Zostavil Vladimir Hanzel, 1995 (s pouzitim Geologickej mapy SR
1:500000)

Vyznamnost kolektorov z hladiska zdrojov vody

A - rozsiahle kolektory s velmi vyznamnymi zdrojmi vody

B - kolektory s vyznamnymi zdrojmi vody

C - kolektory s lokalnymi a malo vyznamnymi zdrojmi vody
D - horninové celky bez zdrojov vody, vcelku nepriepustné

Litolégia a priepustnost prvého kolektora:
1. piesky a Strky - kvartér, medzizrnova priepustnost
2. Strky, piesky s polohami ilov - neogén,
medzizrnova priepustnost
Zlepence, pieskovce s polohami ilov - neogén,
puklinova priepustnost
3. vulkanity - neogén, priepustnost puklinova,
ojedinele medzizrnova
. pieskovce, zlepence - paleogén, priepustnost puklinova
. striedanie pieskovcov a ilovcov - paleogén, striedanie kolektorov
s puklinovou priepustnostou a izolatorov
6. vapence, dolomity - trias, ojedinele jura, priepustnost puklinova
a krasovo-puklinova
karbonatové zlepence a brekcie - paleogén, priepustnost
puklinova a krasovo-puklinova
kremence - trias, priepustnost puklinova
8. pieskovce, kremence, bridlice, droby, arkozy, fylity, ruly, vulkanity,
magnezity, siderity, paleozoikum Spissko-gemerského rudohoria
vcelku - priepustnost puklinova, intenzivne ovplyvnena banskou
¢innostou
9. granitoidy, krystalické bridlice - priepustnost puklinova
10. sprase, sprasové hliny - kvartér, izolatory
ily - neogén, izolatory
ilovce, bridlice, sliene, slienité vapence - paleogén, mezozoikum,
izolatory
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Paleogene age allow only a limited groundwater circulation. The permeable
blocks are open only on the surface where their envelope was eroded away
and therefore cannot give rise to major groundwater accumulations.

From a structural-geological point of view, the Inner West Carpathians have
the most complicated structure. They typically contain cores of Paleozoic
and crystalline schists overlain by Mesozoic (Lower Triassic to Lower Cre-
taceous) shale-sandstone and carbonate lithofacies, either in the form of an
envelope or nappes. These are flatly unconformably overlain by the Inner
Carpathian Paleogene and the intrabasinal Neogene.

Groundwater circulation in the crystalline (which underlies 4 700km?) is
bound to the zone of surficial weathering and fractured zones which extend
to a depth of 50—60m. Spring discharges are below 1 L.s™, exceptionally,
on major fault lines, more. Paleozoic rocks in the Gemericum (flyschoid
facies and effusive volcanics) strongly affected by extensive mining contain
little groundwater.

The most extensive unit are Middle and Upper Triassic limestone-dolomite
complexes which cover 3800km? Aside from Quaternary sediments, they
contain Slovakia’s biggest groundwater reserves. Jurassic and Cretaceous
sediments (underlying 2500km?) are unsuitable for groundwater accumula-
tions because of their lithology (shales, sandstones, marly limestones, etc.).
Spatial distribution of Triassic limestones and dolomites is controlled by a com-
plex tectonic setting. Some Mesozoic rocks form the envelope of the core moun-
tains (Tatricum, Veporicum and Hronicum). The Gemeric Mesozoic which oc-
curs partly as an envelope and partly as nappes has a special character.

Due to the nappe structure of the region, the limestone-dolomite comple-
xes partly form flat-lying blocks resting on an impermeable substratum
above the base level of erosion or even somewhat below the base level.
Karst-stream regime is thus created, discharge points being located on the
marging of the blocks (Fig. 6 and 7).

Other limestone-dolomite complexes are steeply dipping, plunging to sub-
stantial depths below younger sediments and thus creating conditions for
deep groundwater circulation. Some groundwaters are discharges through

SCHEMATIC MAP OF HYDROGEOLOGICAL UNITS

OF SLOVAKIA

Compiled by Vladimir Hanzel, 1995 (based on geological map of SR
1:500000)

Significance of aquifers from the point of view of water sources
A - extensive aquifers with very significant water sources

B - aquifers with significant water sources

C - aquifers containing local and less important water sources

D - rock complexes without water sources, generally impermeable

Lithology and permeability of the first aquifer:
1. sands and gravels - Quaternary, intragranular permeability
2. gravels, sands interlayed with clays - Neogene, intragranular
permeability
conglomerates, sandstones interlayed with clays - Neogene,
fissure permeability
3. volcanics - Neogene, fissure permeability, rarelly intragranular
permeability
. sandstones, conglomerates - Paleogene, fissure permeability
. sandstones alternating with claystones - Paleogene, fissure
permeability aquifers alternating with aquicludes
6. limestones, dolomites - Triassic, rarelly Jurassic, fissure
and karst-fissure permeability
carbonate conglomerates and breccias - Paleogene, fissure
and karst-fissure permeability
quartzites - Triassic, fissure permeability
8. sandstones, quartzites, shales, graywackers, arkoses, phyllites,
gneisses, volcanics, magnesites, siderites, Paleozoic of the
Spissko-gemerské rudohorie Mts. undifferentiated, fissure
permeability,. strongly influenced by mining
9. granitoids, cristalline schists - fissure permeability
10. loesses, loess loams - Quaternary, impermeable beds
clays - Neogene impermeable beds
claystones, shales, marls, marly limestones - Paleogene,
Mesozoic, impermeable beds
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sa do znaénych hibok pod mladsie sedimenty, éim vznikli podmienky hlbo-
kej cirkulacie podzemnych vod. Cast vod vyviera vo forme bariérovych pra-
menov na styku s mladSimi nepriepustnymi horninami a druha Cast sa
zucastnuje na tvorbe termalnych a mineralnych vod, v prilahlych vnutro-
horskych depresiach (Liptovska kotlina, Tur¢ianska kotlina atd'.).
Vydatnost pramefiov sa pohybuje od niekol'ko l.s* do 70001.s™. Vel'ka ¢ast
vod z vapencovo-dolomitovych komplexov je vSak drénovana povrchovymi
tokmi. Priemerny merny odtok podzemnych vod z karbonatovych kom-
plexov triasu sa pohybuje od 8 do 17 L.s1.km™.

Odlisné hydrogeologické podmienky su v neogénnych vulkanitoch stredného
a vychodného Slovenska s rozlohou 5160km? Tvoria ich horniny radu an-
dezit — ryolit — bazalt a vulkanoklastikd. Maju puklinovo-medzizrnovu prie-
pustnost. Casto z nich vyvierajii pramene s vydatnostou 1—21.s%. Vydatnost
vrtov vo vulkanitoch sa pohybuje od 1 do 5 1.s%, v pordznych pyroklastikach
ojedinele 10—151.s™. Osobitne zvodnené su vyrazné zlomové linie, kde sa
vrtmi overila vydatnost ojedinele 30—501.s™. V podloZi vulkanitov sa na
niektorych miestach nachadzaju mezozoické karbonaty, v ktorych su akumu-
lované termalne a mineralne vody vystupujliice po zlomoch na povrch.
Intenzivne tektonické poklesy vytvorili rozsiahle subsiden¢né neogénne vnu-
trokarpatské panvy viedensku, panonsku a potisku, ktorych neogénna vypln
dosahuje v najpoklesnutejSich ¢astiach az niekol'ko tisic metrov. Zlomové tek-
tonické pohyby sa vSak uplatnili aj v ostatnych Castiach Zapadnych Karpat,
vysledkom ¢oho je vznik vnutrokarpatskych kotlin napr. Turc¢ianska, Horno-
nitrianska, Ziarska, Zvolenska, Ipelska, Ludenska, Rimavska, Kosicka atd'.
Neogénne tektonické depresie s rozlohou asi 9 000km? su vyplnené neprie-
pustnymi ilmi, striedajucimi sa s polohami pieskov, ojedinele aj Strkov, a su
v nich akumulované artézske podzemné vody. Vydatnost artézskych vrtov
dosahuje zvacsa 1—31.s7, ojedinele 101.s™.

Z hydrogeologického hladiska su zaujimavé pliocénne sedimenty Podunaj-
skej panvy dosahujuce hrubku az 2500—3000n. Su v nich bohaté zasoby
termalnych vod s mineralizaciou do 20 g.1™" a s teplotami vody do 100°C.
Z hydrogeologického hladiska najvyznamnej$imi kvartérnymi sedimentmi
na Slovensku su fluvialne sedimenty riek Dunaja, Vahu, Nitry, Hrona, Ipla,
Hornadu, Popradu, Bodrogu atd’. Pri priaznivom litologickom zloZeni byva
zvodnenie fluvialnych sedimentov vysoké. Vydatnost vrtov dosahuje ¢asto
30-501.s* i viac. Vyznamné zdroje podzemnych vod su akumulované aj
v eolickych sedimentoch Zahorskej niziny, kde sa vytvorilo niekol'ko nadrzi
podzemnych vod s vydatnostou vrtov od 0,5do 70 Ls™.

Vyznamnu ulohu pri formovani kvartérnych sedimentov maju neotekto-
nické pohyby, vplyvom ktorych sa na niektorych miestach akumulovali
vel'ké hrubky fluvidlnych a glacigénnych sedimentov. V oblasti Podunajske;j
niZiny sa vytvorila depresia vyplnena Strkmi a pieskami s hrubkou vyse 300m.
Vydatnost vrtov tu ¢asto dosahuje 100az 1501.s*, ojedinele i viac. V Po-
dunajskej niZine je najvac¢sia nadrz podzemnych vod na Slovensku so zaso-
bami 22 m3.s. Velku hrubku maju aj glacigénne sedimenty najméa vo Vyso-
kych Tatrach a v ich predpoli, kde sa vrtmi zistili hrabky vySe 400 m.
Vydatnost jednotlivych vrtov sa tu pohybuje od 1 do 201.s™.
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barrier springs at the contact with younger impermeable rocks while others
are thermal and mineral waters in adjacent intramontane depressions
(Liptov and Turiec basins, etc.).

Spring discharges range from several 1.s* to 70001.s™. A considerable per-
centage of waters from the limestone-dolomite complexes is drained by sur-
face streams. Average specific groundwater discharge from Triassic carbo-
nate complexes varies from 8to 17 1.s*.km™.

Neogene volcanics in central and eastern Slovakia widespread on
5160km? have different hydrogeologic conditions. The rocks include an-
desite, rhyolite, basalt and related volcanoclastics. They have fissure-inter-
granular permeability. Springs in these rocks often discharge between 1
and 2 1.s™%. Drillholes in the volcanics discharge 1—51.s™, in porous pyro-
clastics exceptionally 10—15L.s™. Drillholes at major fault lines rarely yield
as much as 30—50Ls™. The volcanics are locally underlain by Mesozoic
carbonates with thermal- and mineral-waters which reach the surface along
faults.

Intensive tectonic subsidence gave rise to vast Neogene Inner-Carpathian
basins — Vienna, Pannonian and Tisa — whose Neogene filling in the dee-
pest sectors attains several thousands of metres. Tectonic movements along
faults took place also in other parts of the West Carpathians and created
a number of Inner-Carpathian basins, such as the Turiec, Upper Nitra,
Ziar, Zvolen, Ipel, Luéenec, Rimava, Kosice, etc.

The Neogene tectonic depressions covering some 9000km? are filled with
impermeable clays alternating with sand and exceptionally also gravel layers
in which artesian groundwaters accumulate. Artesian wells here yield mostly
1-31.s?, rarely 101.s™.

2500—-3000m-thick Pliocene sediments in the Danube Basin containing
rich reserves of thermal waters with T.D.S. up to 20g.I* and temperatures
up to 100°C are also important for hydrogeologists.

From a hydrogeologic point of view, the most significant Quaternary sedi-
ments in Slovakia are fluvial deposits laid down by the Danube, Vah,
Nitra, Hron, Ipel, Hornad, Poprad and Bodrog rivers. If their lithology is
favourable, the fluvial sediments contain much groundwater. Drillhole dis-
charges often exceed 30—501.s . Major groundwater reserves are accu-
mulated also in aeolian sediments, mainly in the Zahorie Lowland. They
hold several groundwater bodies whose drillhole discharges vary from 0.5
to 70.01.s™.

The Quaternary sediments were considerably reshaped by neotectonic
movements which locally created thick accumulations of fluvial and gla-
cial deposits, such as a more than 300sm-thick depression filled with gra-
vel and sand in the Danube Basin. Drillhole discharges frequently attain
100—-1501.s* rarely more. The Danube Basin holds Slovakia’s biggest
groundwater reserves amounting to 22.0m3s™. Glacial deposits are also
very thick, particularly in and around the Vysoké Tatry where their thick-
ness verified by drilling exceeds 400 m. Drillhole discharges range from
1to 201.s™.



5. DISTRIBUCIA HODNOT PRVKOV A ZLOZIEK

Priebeh distribucii hodnot koncentracie jednotlivych prvkov a zloZiek v celo-
slovenskom ramci je vyjadreny farebnymi plochami na mapach, resp. velkos-
tou kruzku v pripade bodovych map. V mnohych pripadoch takéto vyjadrenie
priamo koreluje s geologickym podkladom (horninovym prostredim obehu
vod). Antropogénne ovplyvnenie chemického zloZenia vod sa hodnoti vo
vzfahu k regionalnym a lokalnym zdrojom znecistovania. Hydrogeoche-
micka charakteristika jednotlivych prvkov a zloziek sa zaklada na detailnej
Statistickej analyze hydrochemického materialu.

CELKOVA MINERALIZACIA

Primarnym zdrojom latok rozpustenych v podzemnych vodach je interakcia
voda—plyn—horninové prostredie obehu vod, sekundarnym Siroka Skala Iud-
skej ¢innosti vratane produkcie odpadov. Celkovu mineralizaciu vod mozno
definovat ako sucet hmotnostnych koncentracii tuhych anorganickych latok
rozpustenych vo vode, elektrolytov (kationov a anionov) aj neelektrolytov.
Hodnota celkovej mineralizacie nema priamy vplyv na zdravie ¢loveka.
Vody s extrémne nizkou hodnotou celkovej mineralizacie maju zhorSené
chutové vlastnosti, takZe nie su vhodné na pitie. Statna norma STN 75 7111
Pitnd voda udava medznu hodnotu celkovej mineralizacie 1000mg.1™.
Priemerna hodnota celkovej mineralizacie vo vzorkovom materiali atlasu je
567,03t 403,87mg.I" a median 488,28mg.I". NajniZsie hodnoty celkovej
mineralizacie podzemnych vod (do 150mg.I™") su viazané na krystalinikum
Zapadnych Karpat, najmi na jeho vrcholové Casti. Aj tu vSak existuju roz-
diely, ktoré vyplyvaju z charakteru zvetravania a reliéfu, a tym aj z hydrodyna-
mickych podmienok obehu podzemnych vod. Tento moment je signifikantny
pri porovnani Malych Karpat a Vysokych Tatier, kde je rozdiel v hodnotach
celkovej mineralizacie az 200 mg.l™. Vysoké hodnoty suvisia s antropogén-
nymi vplyvmi najmi v niZinnych oblastiach a medzihorskych depresiach s po-
merne vysokou hustotou osidlenia a intenzivnymi Iudskymi aktivitami.

V nizinnych uzemiach a medzihorskych depresiach kopiruje vysoka mine-
ralizacia podzemnych vod arealy najviac ekologicky zatazeného uzemia
(porovnaj s mapou stupia znecistenia podzemnych vod, obr. 8).

Z dalSieho textu je zrejmé, Ze na vysoké hodnoty celkovej mineralizacie
podzemnych vod sa viazu tiez vysoké koncentracie zloziek a chemickych
prvkov, ktoré bezprostredne indikuju antropogénne znecistenie.
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5. ELEMENT AND COMPONENT DISTRIBUTION

The distribution of element and component concentrations on the national
scale is expressed by colour areas on the maps or by circles of different size
on the point maps. This presentation often directly matches geological sub-
stratum (rock environment of water circulation). Man-made effects on
water chemistry are evaluated with regard to regional and local pollution
sources. The hydrogeochemical characteristics of separate elements and
components are based on a detailed statistical analysis of hydrochemical
material.

TOTAL DISSOLVED SOLIDS

The primary source of total dissolved solids in groundwaters is the interaction
water—gas—rock environment during water circulation and the secondary one
is a wide scale of human activities and waste production.

Total dissolved solids can be defined as a total of weight concentrations of
solid inorganic matter dissolved in water, electrolytes (cations and anions)
and nonelectrolytes.

The value of total dissolved solids has no direct effect on human health.
Extremely-low-mineralized waters are not suitable for drinking because of
bad taste. State standard 75 7111Drinking water specifies a limit of total
dissolved solids of 1000mg.1™.

Average content of total dissolved solids in the Atlas’s samples is 567.03t
403.87mg.l" and median amounts to 488.28 mg.l™. The lowest T.D.S.
values (below 150 mg.1™") have been noted in the West Carpathian crystal-
line mountains, largely in their summit sectors. Some differences do occur
also in these areas. They result from the character of weathering, morpho-
logy and hydrodynamic conditions of groundwater circulation. For instan-
ce, the difference between the values of total dissolved solids in the Malé
Karpaty and Vysoké Tatry Mts. is as much as 200 mg.I. The high values
reflect human activities largely in fairly densely populated lowlands and
intermonane depressions.

In the lowlands and intermontane basins high T.D.S. values of groundwa-
ter (compare with the map of degree contamination, fig. 8).

It is clear from the following text that there is a close relation between high
T.D.S. values and increased concentration of components and elements
which apparently indicate man-made pollution.



HODNOTY pH

V podzemnych vodach negativne neovplyvnenych primarnymi alebo sekun-
darnymi faktormi (rudné formacie a asociacie, kysla atmosfericka depozicia
a pod.) sa pohybuje hodnota pH v rozmedzi 4,5—8,3a je obycajne podmie-
nena rovnovahou medzi volnym a viazanym CO, (uhli¢itanova rovnovaha).
Pokles hodnét pod 4,5je zapricineny pritomnostou anorganickych a organic-
kych volI'nych kyselin. Pri hodnotach pH nad 8,3 obsahuju vody s vel'kou prav-
depodobnostou iény CO% alebo OH'. Hodnota pH podzemnych vod sa oby-
¢ajne pohybuje medzi 5,5a 7,5.Hodnota pH morskej vody je asi 7,5—8,5.
Volné iény H", resp. vol'né protony nemozu samostatne existovat vo vodnom
roztoku, ale asociuju s molekulami vody a vytvaraju H;O" (hydroxoniové
iony), ktoré sa mozu agregovat za vzniku kationov H,O3 alebo HyOj.
Hodnota pH vyznamne ovplyviuje chemické a biochemické procesy vo
vodach aj toxicky vplyv latok na vodné organizmy. Umoznuje rozliSovat
jednotlivé formy vyskytu prvkov, je kritériom pri posudzovani agresivity
a vyhladavacim, prospekénym priznakom. Hodnota pH vody nema priamy
vplyv na ¢loveka, je len jednym z operativnych kritérii kvality vody. Pri hod-
notach pH vody nad 9 ma totiZ voda alkalicku prichut.

Norma STN 75 7111stanovuje rozsah medznej hodnoty pH pitnej vody
6—8a smerna hodnota podla WHO je 6,5—8,5.

Priemerna hodnota pH v podzemnych vodach vzorkového materialu atlasu je
7,37+ 0,51 a median 7,35.NizZsie hodnoty sa viazu na horské oblasti budo-
vané granitoidmi a kryStalickymi bridlicami, €o je zapriinené najma kyslou
atmosférickou depoziciou, relativnou inaktivitou horninového prostredia
a hydrodynamickymi podmienkami obehu. Podzemné vody tu dosahuju hod-
notu pH okolo 6, ¢o svedCi o postupnej acidifikacii prostredia. Dokazalo sa
to vypoctom kritickych zatazi pre podzemné aj povrchové vody ako recepto-
ry. Extrémne nizke hodnoty pH (pH <4,0)boli zaznamenané vo vytokoch zo
§tolni v polymetalickych sulfidickych zrudneniach (Malé Karpaty, oblast neo-
vulkanitov, Spissko-gemerské rudohorie a Nizke Tatry). Hodnoty pH nad 8,0
su charakteristické pre niektoré oblasti mezozoika Zapadnych Karpat a lito-
facie paleogénu s vysokym obsahom karbonatového tmelu.
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pH VALUES

pH of groundwaters unaffected by primary and secondary factors (mineral
deposits and associations, acid atmospheric deposition, etc.) ranges from
4.5t0 8.3 and is usually controlled by a balance between free and combi-
ned CO, (carbonate balance). Values below 4.5are caused by the presence
of inorganic and organic free acids. Waters with pH above 8.3 most pro-
bably contain CO% or HO ions. pH of groundwaters mostly varies from
5.5to 7.5and that of sea water is approximately 7.5—8.5.

H* free ions and/or free protons cannot exist separately in an aqueous solu-
tion but get combined with water molecules creating H;O" (hydroxonium
ions) which may be further aggregated to H,O3 or H O cations.

pH value consideraly influences chemical and biochemical processes in
waters and toxic effects of substances on water organisms. It allows to
distinguish between individual forms of element occurrences in waters, to
assess aggressivity and is a prospecting criterium. pH value has no direct
effect on humans, it is just one of operational criteria of water quality. If
pH exceeds 9, water has alkaline taste.

State standard No. 75 7111permits pH values between 6 and 8 and WHO
6.5-8.5.

Average pH value of the Atlas’s groundwater samples is 7.37+0.51and
median is 7.35.Lower values occur in mountain areas underlain by gra-
nitoids and crystalline schists and result mostly from atmospheric depo-
sition, relative inactivity of the rock environment and hydrodynamic cir-
culation conditions. This applies particularly to the Tatry area where pH
values about 6 indicate gradual acidification of the environment, a pro-
cess that has been proven by calculated critical loads for ground and sur-
face waters as receptors. Extremely low pH values (pH <4.0) have been
noted in effluent from adits in base-metal sulphide deposits (Malé
Karpaty, Neogene volcanic mountains, Spi§sko-gemerské rudohorie and
Nizke Tatry). pH values over 8 are typical of some West Carpathian
areas underlain by Mesozoic rocks or Paleogene lithofacies rich in car-
bonate cement.



LITIUM (Li)
(atobmova hmotnost 6,941)

V porovnani s hlavnymi alkalickymi kovmi (sodik a draslik) sa litium, po-
dobne ako rubidium a cézium, vyskytuje v zemskej kore ovela menej. Mine-
raly obsahujuce litium sa nachadzaju najma v pegmatitoch (spodumen, am-
bligonit) a v litiovej slude lepidolite. Z tychto mineralov sa prvok aj tazi,
okrem toho sa vSak ziskava aj z evaporitov a niektorych druhov solaniek.
Litium pomerne slabo sorbuju pddne ilové mineraly, v roztokoch migruje
vel'mi dobre v rozpustnom stave. Moze byt toxické pre rastliny, ¢o sa napr.
potvrdilo pri zavlaZovani citrusovnikov vodou s obsahom 60—100ug.I*
tohto prvku. Koncentracie Li dosahujuce az niekol'ko mg.I"* sa vyskytuju
vyluéne vo vysoko mineralizovanych vodach. Obyc¢ajné podzemné vody
obsahuju iba niekol'ko ug.I™ litia.

Slovenska technicka norma pre pitnu vodu (STN 75 7111)ani podobny
standard WHO koncentraciu litia nelimituje.

Na Slovensku je priemerna koncentracia litia v podzemnych vodach 14,7+
30,1 pgl* s medidnom 7 pgl? pri detekénom limite pouZitej metody
2 ug.I. Na urovni detekéného limitu a pod nim sa pohybuju najnizsie kon-
centracie litia v podzemnych vodach plytko podpovrchovych obehov jadro-
vych pohori (s vynimkou Malych Karpat) a Slovenského rudohoria, v pri-
breznej zone infiltrovanych dunajskych vod v oblasti Zitného ostrova a v hor-
skych oblastiach budovanych neovulkanitmi. V horskych oblastiach to svedci
o zjavnej petrogénnosti litia, ked'Ze to odraza jeho vel'mi nizke koncentracie
v samom horninovom prostredi. V kone€nom doésledku je to aj pripad infil-
trovanych dunajskych vod, ktoré sa vSak neskor v horninovom prostredi
hydrogeochemicky metamorfuju. Relativne zvySené koncentracie litia vo vo-
dach Malych Karpat (na urovni 4 az 10 ug.1™) st pravdepodobne prejavom
o Cosi vysSej leukokratnosti malokarpatskych granitoidov.

Maximalna koncentracia litia v podzemnych vodach dosiahla 700 ug.I™
Z distribu¢nych diagramov vsak vidiet, Ze ide o ojedineltl hodnotu a realne
maximalne hodnoty predstavuju koncentracie okolo 50az 100ug.1™. Viazu
sa na oblasti vyskytu sprasi a sprasoidnych zemin, iba lokalne na tie oblasti,
kde vazba vysSich koncentracii Li na horninové prostredie obehu vod nie je
zjavna.
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LITHIUM (Li)
(atomic weight 6.941)

Like rubidium and caesium, lithium is much less abundant in the
earth’s crust than major alkali metals (sodium and potassium). Lithium-
-bearing minerals occur mostly in pegmatites (spodumene, ambligonite)
and lithium mica lepidolite. Lithium is extracted from these minerals as
well as from evaporites and some brines.

Lithium is weakly sorbed by soil clay minerals, and readily migrates in solu-
tions in a dissolved state. Lithium may be toxic to plants as was proved by
irrigating lemontrees with water containing 60—100ug.1™* Li. Li concen-
trations up to several mg.I? are found exclusively in highly mineralized
waters. Common groundwaters usually contain only several pg.1™ lithijum.
Neither Slovak standard No. 75 7111nor WHO standards limit lithium
content in drinking water.

Average lithium concentration in Slovakia’s groundwaters is 14.7+
30.1 ug.I"t, median is 7 pg.I™ and the detection limit of the analytical
method used amounts to 2 pg.I"t. The lowest concentrations, equal to or
below the detection limit, were noted in groundwaters of shallow-circu-
lation in core mountains (except for Malé Karpaty) and in the Slovenské
rudohorie Mts. as well as in the near-bank zone of infiltrated water in the
River Danube in the Rye Island (Zitny ostrov) area and in mountains
composed of Neogene volcanics. This pattern in the mountain areas
obviously results from lithium’s petrogenic character as its concentra-
tions in rocks themselves are very low. This applies eventually also to the
Danube infiltrated waters which, however, are later hydrochemically
metamorphosed in a rock environment. Relatively higher lithium con-
centrations in the Malé Karpaty (4—10 ug.I*) probably reflect more
leucocratic character of local granitoids.

The maximum lithium concentration in groundwaters attained 700pug.1?,
but it is an exceptional value as is indicated by distribution diagrams.
Otherwise, the real maximum concentrations are between 50 and
100pug.I'". These are associated with loess and loess-like soils, or some-
times show no obvious relationship to the rock environment of water
circulation.



SODIK (Na)
(atobmova hmotnost 22,989)

Sodik je jednym z najbeZnejSich katiénov, ktoré sa v prirodnych vodach vysky-
tuju. Jeho zdrojom st ako silikitové horniny obsahujiice najmé albit (sodny
Zivec) a plagioklasy, tak aj evaporitové horniny a Casto i morska ¢i oceanska voda.
Sodikovy kation Na* je vo vodach vel'mi konzervativny, nezicastfiuje sa na oxi-
dacno-redukénych reakciach a v hypergénnych podmienkach sa neuplatiuju
chemické reakcie jeho vyzrazavania — zostava teda stabilne v roztoku. Sodik sa
vSak vyznamnym sposobom zucastiuje na ionovymennych procesoch. Ka-
tiébnova idnovymena v beznych prirodnych vodach ma tendenciu vytesnovat dvoj-
mocné kationy z roztoku a nahradzat ich jednomocnymi kationmi. Preto st pre
geochémiu sodika vyznamné ilové mineraly pritomné v prostredi obehu vod.
Pomerne velka ¢ast sodika sa dostava do prirodnych vod z vyrobnych aktivit
cloveka (solenie ciest, tazba solaniek a mineralizovanych vod, prevadzka
rafinérii, potravinarstvo, a pod.).

Sodik sa v nizko mineralizovanych vodach (pod 1,0 g.I'') vyskytuje vo
forme kationu Na*. V koncentrovanejsich roztokoch sa viaze do viacerych
komplexov a ionovych parov v zavislosti od typu chemizmu vody (najcas-
tejSie su to NaCOj3;, NaHCO;(aq) a NaSOy).

Koncentracie sodika v prirodnych vodach vykazuji vyraznu variabilitu, pricom
koliSu od hodnot <1 mg.l™ (zrazkova voda, plytko podpovrchové obehy pod-
zemnych vod) az po hodnoty nad 100g.I™ charakteristické pre niektoré solanky.
Obsah sodika nie je v STN 75 7111Pitnd voda ani v Standardoch Svetovej
zdravotnickej organizacie (WHO) pre kvalitu pitnej vody limitovany.
Distribucia hodnét koncentracie sodika v podzemnych vodach tizemia Slo-
venska vykazuje dvojaky charakter. V horskych oblastiach vyrazne petrogén-
ny, t. j. ma uzky vztah k horninovému prostrediu obehu podzemnych vod, v si-
likatovych horninach kyslého aZ intermediarneho charakteru (granitoidy,
krystalické bridlice, niektoré vulkanity a pieskovce) sa koncentracie pohybuju
od 5 do 30 mg.I" v zavislosti od typu hornin. V horninovom prostredi karbo-
natického mezozoika su viak koncentracie sodika iba 0,25az 3 mg.I*. Pod-
zemné vody niZin a medzihorskych oblasti maju spravidla fluviogénny charak-
ter a koncentracia sodika v nich je podmienena najmi ploSnym znec€istenim
vod (priemerné koncentracie Na sa tu pohybuju okolo 30 az 100mg.1™), pre-
dovsetkym pol'nohospodarskeho a komunalneho povodu.

Priemerna koncentracia sodika v podzemnej vode z celého stuiboru je 18,8+
26,9mg.I" s medianom 9,1 mg.1™.
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SODIUM (Na)
(atomic weight 22.989)

Sodium is one of the most abundant cations in natural waters. Its sources
comprise silicate rocks containing mainly albite (sodium feldspar) and pla-
gioclases as well as evaporites and frequently also sea water. Na* cation is
very conservative in water, does not enter oxidation-reduction reactions
and under hypergene conditions cannot be precipitated by chemical reac-
tions — it remains stable in solution. Nevertheless, sodium significantly par-
ticipates in ion-exchange processes. Cation ion-exchange in common natural
waters tends to replace divalent cations in a solution by monovalent cations.
That is why clay minerals present along water circulation routes are im-
portant for sodium geochemistry.

Much sodium gets to natural waters through human activities (road
salting, production of brines and mineral waters, refineries, food in-
dustry, etc.).

Sodium in solids-low waters (below 1 g.I") occurs in the form of cation
Na®. In solids-richer solutions, the element is combined in several com-
plexes and ion pairs controlled by the type of water chemistry (most fre-
quently NaCOj3;, NaHCO,(aq) and NaSQy).

Sodium concentrations in natural waters are highly variable from less than
1 mg.I* (meteoric water, shallow subsurface groundwater circulation) to
over 100g/1 in some brines.

Sodium content is limited neither in state standard No. 75 7111Drinking
water nor in World Health Organization standards regarding water quality.
Distribution of sodium concentrations in Slovakia’s groundwaters dis-
plays a double character. In mountain areas the character is clearly
petrogenic, i.e. it is closely associated with the rock environment of
groundwater circulation. In acid and intermediate silicate rocks (gra-
nitoids, crystalline schists, some volcanics and sandstones) the concen-
trations range from 5 to 30 mg.I" with respect to rock types. On the
other hand, sodium concentrations in Mesozoic carbonates are as little
as 0.25—3mg.I"". Sodium contents in predominantly fluviogenic ground-
waters in lowlands and intermontane basins (average Na contents here
are between 30and 100mg.1"") result largely from areal pollution of agri-
cultural and household origin.

Average sodium content calculated from all investigated groundwaters is
18.8mg.I*+ 26.9and median 9.1 mg.1™.



DRASLIK (K)
(atobmova hmotnost 39,098)

Draslik je v zemskej kore hojne zastipeny, vo vyvretych horninach mene;j
ako sodik, v sedimentarnych horninach je jeho obsah vyssi. Geochemicky
sa vSak v prirodnych systémoch sprava vyrazne odliSne ako sodik. Draslik
sa v ovela menSej miere uvolnuje do vod v procese zvetravania a navySe ma
tendenciu opétovne sa viazat v produktoch zvetravania, najméi v ilovych
mineraloch. Preto je jeho koncentracia vo vac¢Sine typov prirodnych vod
nizSia ako koncentracia sodika. Draslik je podstatnym, esencialnym prv-
kom pre zZivoCichy aj rastliny.

Hlavnym zdrojom draslika su vyvrelé i sedimentarne silikatové horniny obsa-
hujtice mineraly ortoklas a mikroklin (KAISi;Og), dalej sludy a draselné Zivce,
ktoré su v hypergénnych podmienkach ovela stabilnejSie ako Zivce sodné. Eva-
pority s vyznamnej$im obsahom draselnych soli su vel'mi zriedkavé.

Draslik sa iba vzacne vyskytuje v prirodnych vodach vo vysSSich koncen-
traciach. Vystupuje vo forme jednomocného kationu K* vstupujiceho do
ionovymennych reakcii, ale podstatna je jeho inkorporacia do Struktury illi-
tu, ktora spdsobuje jeho relativne nizku mobilitu vo vodnom prostredi.
Nizko a stredne mineralizované podzemné vody vo vacSine horninovych
prostredi vykazuji koncentracie draslika v desatinach a jednotkach mg.l”?,
¢o predstavuje zvyCajne 2— 10krat niz§iu koncentraciu ako sodik.
Koncentracia draslika nie je v STN 75 7111Pitnd voda limitovana, podobne ani
v materialoch WHO tykajucich sa limitnych koncentracii pre pitnd vodu.
Priemerna hodnota koncentracie draslika v podzemnych vodach pre cely
subor vzorkového materialu atlasu je 9,7+ 32,7mg.1™* (median 1,6 mg.1™).
Petrogénnost draslika vo vodach horskych oblasti je zjavna a takisto najnizsie
hodnoty koncentrécie na urovni detekéného limitu (0,1 mg.I™) sa viazu na hor-
ninové prostredie karbonatického mezozoika. V silikatovych horninach su
vSak koncentracie draslika v neznecistenych podzemnych vodach vel'mi nizke
(1,0-5,0mg.I"Y). Urgitu odli§nost predstavujii podzemné vody neovulkanitov,
pre ktoré su charakteristické koncentracie draslika na trovni 5—10 mg.I™
Anomalne vysoké koncentracie draslika v podzemnych vodach (maximalne
az 525 mg.l", ovela beznejsie vSak iba okolo 125—150mg.I™") sa zistili ne-
pravidelne po celom uzemi bez zjavného vztahu k horninovému prostrediu
obehu vod. Ide nepochybne o prejav lokalneho znecistenia, priCom mozno
konstatovat, Ze draslik je aj v naSich prirodnych podmienkach jednym z naj-
citlivejSich indikatorov znecistenia podzemnych vod.
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POTASSIUM (K)
(atomic weight 39.098)

Potassium is abundant in the earth’s crust. Its contents in sedimentary
rocks exceed those of sodium, while in igneous rocks are lower.
Geochemical behaviour of potassium in natural systems is quite different
from sodium. Potassium is much less readily released to waters in weathe-
ring process and furthermore it tends to be intercepted by weathering pro-
ducts, mainly clay minerals. Therefore most natural waters contain less
potassium than sodium. Potassium is an essential constituent in animals
and plants alike.

The chief source of potassium are igneous and sedimantary silicate rocks con-
taining orthoclase and microcline (KAISi;Og), micas and potassic feldspars
which are much more stable under hypergene conditions than sodic feldspars.
Evaporites very rarely contain appreciable amounts of potassic salts.

Higher potassium concentrations only exceptionally occur in natural
waters. The element is present in the form of monovalent cation K* which
is involved in ion-exchange reactions, but most importantly is incorporated
into illite structure, a process which is responsible for its relatively low
mobility in aqueous environment. Solids-low and -medium groundwaters
in most rock environments contain tenths to several milligrams of potas-
sium per liter, i.e. two to ten times less than sodium.

Potassium concentrations are limited neither by state standard No. 75 7111
nor by WHO standards regarding drinking water.

Potassium concentrations in all investigated samples average 9.7+
32.7mg.I™" (median 1.6 mg.I™).

Potassium in waters of mountain areas obviously has a petrogenic charac-
ter, the lowest values equal to detection limit (0.1 mg.l™") occurring in
Mesozoic carbonates. Potassium concentrations in uncontaminated
groundwaters in silicate rocks are very low (1—5mg.I'"). Somewhat higher
potassium contents (5—10mg.1™) are typical of groundwaters in Neogene
volcanics. Anomalously high potassium concentrations in groundwaters
(as much as 525mg.1", but commonly only about 125—150mg.I"") are irre-
gularly distributed throughout the investigated territory displaying no obvious
relationship to the rock environment of groundwater circulation. The ano-
malies clearly result from local groundwater pollution. Potassium ranks
among the most sensitive indicators of groundwater pollution under Slo-
vakia’s natural conditions.



AMONIUM (NH,)
(molekulova hmotnost 18,038)

V podobe mineralov sa jednoduché amoénne soli v prirode nevyskytuju. Predstavuju
prevazne sekundarny zdroj v podobe odpadov a pol'nohospodarskych vyrob. Amo-
niakalny dusik je primarnym produktom rozkladu Zivo¢iSnych a rastlinnych orga-
nickych dusikatych latok. Sekundarne mézu amonne zluCeniny vznikat v prirodnych
vodach chemickou redukciou dusi¢nanov a tieZ biochemickym rozkladom.
Sucastou atmosféry je vZdy malé mnoZstvo amoniakového dusika, a preto
sa v mg.I"t mnoZstvach vyskytuje v zrazkovych vodach, odkial sa dostava do
povrchovych a podzemnych vod.

V prirodnych vodach sa vyskytuje v koncentracii pod 0,2 mg.I. V podzemnych
vodach, ktoré su v kontakte s ropnymi vodami moze byt obsah amoniakalneho
dusika va¢si ako 100mg.1?, o je vysvetlované procesmi rozkladu fosilnej organic-
kej hmoty v anoxickom prostredi, kde nemozu prebiehat nitrifikacné procesy.
Termin amonium zahiha ako neionizovanu (NH,), tak aj ionizovant formu
(NH3). Pri rozpustani amoniaku vo vode vznika hydrat NH4.H,O, ktory priamo
disociuje na iony NH; a OH'. Pri hodnoteni podzemnych vod slizi amonium
ako indikator mozného znecistenia podzemnych vod. Jeho hodnoty nadobu-
daju vel'ky vyznam hlavne v spojeni s preukazanym bakteriologickym znecCiste-
nim, je vSak vel'mi dolezité vopred vylucit jeho anorganicky povod, alebo vznik
rozkladu dusikatych organickych latok rastlinného povodu.

Toxicky u¢inok amoniakalneho dusika na ryby je do vel'kej miery zavisly od
pH vody, pretoze toxické ucinky ma nedisociovany hydrat amoniaku a nie
NH;, lebo TahSie prenika bunkovymi membranami. Amonium je hlavnym
komponentom metabolizmu cicavcov. Toxické efekty si1 pozorované iba pri
hodnotach okolo 200 mg/kg telesnej hmotnosti.

WHO neudava smernu hodnotu. STN 75 7111,Pitnd voda pripusta maxi-
malnu koncentraciu NHj do 0,5 mg.I™.

Vo vzorkach podzemnych vod atlasu je priemerny obsah NH, 0,075
0,53 mg.I* a median 0,025 mg.l™. Distribicia amoénia v podzemnych
vodach je pomerne rovnomerna s tym, Ze 98 % vzoriek ma obsah pod li-
mitnu hodnotu STN 75 7111V horskych oblastiach, tzv. headwater regions
a hlavne ich vrcholovych castiach bez vyznamného zastupenia pdédneho
pokryvu a biomasy su hlavnym zdrojom NH} zimné zrazky. Prevazna vic-
§ina ostatnych vyskytov vSak reprezentuje antropogénny vplyv hlavne
z pol'nohospodarskych aktivit a chybajucej kanaliza¢nej siete.

36

AMMONIUM (NH,)
(molecular weight 18.038)

Simple ammonium salts do not form minerals in nature. They mostly
come from secondary sources as wastes and from farming. Ammonia nit-
rogen is a primary product of the decomposition of animal and plant
organic nitrogenous materials. Ammonium compounds can be formed
secondarily in natural waters by a chemical reaction of nitrates and bio-
chemical decomposition.

Its concentrations in natural water are below 0.2 mg.l’t. Groundwaters
associated with petroleum waters sometimes contain more than
100mg.1" of ammunia nitrogen. This is explained by the decomposition
of organic matter under anoxic conditions where nitrification processes
cannot take place.

The term ammonium includes both unionozed (NH;) and ionized (NH,)
forms. Ammonia dissolution in water gives rise to hydrate NH3;.H,O which
directly dissociates to NH; and OH" ions. In groundwater evaluation,
ammonium is an indicator of possible groundwater pollution. Its values are
particularly significant in association with a demonstrated bacteriological
pollution, but it is very important to rule out in advance its anorganic ori-
gin or decomposition of nitrogenous organic matter of vegetable origin.
Toxic effects of ammonia nitrogen on fish are considerably controlled by
water pH, because toxic is undissiociated ammonia hydrate rather than
NH;, as the former more easily penetrates through cell membranes.
Ammonium is the principal component of mammal metabolism. Toxic
effects have been noted only if its content attains about 200mg/kg of body
weight.

WHO does not give its limit value. The Slovak technical standard 75 7111
Drinking Water permits the maximum NH, concentration of 0.5mg.I"™.
The average NH content in the Atlas’ groundwater samples is 0.075
0.53mg.I'* and median 0.025mg.I"". Ammonium in groundwater is fairly
evenly distributed, 98 %of samples containing less than the limit value per-
mitted by the Slovak standard 75 7111.In high-altitude so-called headwa-
ter regions, notably in their summit sections with little soil and biomass,
winter precipitation is the chief source of NHj. Elsewhere, however, the
vast majority of occurrences are man-made, the main sources being agri-
culture and missing sewerage.



HORCIK (Mg)
(atomova hmotnost 24,30)

Prirodnym zdrojom horéika v podzemnych vodach su najmi produkty
interakcii medzi vodou a amfibolitom, olivinom, pyroxénmi, dolomitom,
magnezitom a ilovymi mineralmi, pricom jeho koncentracia vo vode zavisi
od podmienok zvetravania. Jeho obsah v morskej vode je 1272 mg.I™
V podzemnych vodach sa koncentracia Mg pohybuje do 40 mg.I}, pomer
vapnika ku hor¢iku je priblizne od 4:1 do 1:2.V solankich mé6zZe byt
obsah hor¢ika aj viac ako 57000mg.I". Sekundarnym zdrojom horéika
mozZu byt niektoré odpadové vody (napr. vyroba sody a pod.), ale zne-
Cistenie podzemnych vdd horcikom sa vyskytuje vel'mi zriedkavo.

Horéik sa v podzemnych vodach vyskytuje v prevaznej miere ako ion Mg?*.
V mensej miere tvori komplexy [MgSO,(aq)]°, [MgCO4(aq)]°, [MgHCO,]*
a [Mg(OH)1°. V silno mineralizovanych vodach reprezentuju iénové aso-
ciaty menej ako 40 %celkového obsahu horcika. V zavislosti od hodnét pH
sa moze horCik zrazat zo slabo kyslych vod vo forme MgCO;.3H,0,
v podobe 3MgCO;.Mg(OH),.3H,0 v neutralnych vodach a ako Mg(OH),
pri hodnotach pH véicsich ako 9.V pripade, ak s vo vode pritomné fosfo-
re¢nany, hor¢ik vytvara slabo rozpustnu zlu¢eninu Mg,(PO,),.

Horc¢ik je jedna z hlavnych zloziek tvrdosti vody. Vysoké obsahy horcika
(okolo 250 mg.1™") zapri¢ifiujii horku chut vody a koncentracie viac ako
100 mg.I"t mdzu posobit ako prehanadlo. Standardy WHO pre pitnti vodu
udavaji smernu hodnotu jeho obsahu 50 mg.I"* a hornt hranicu 150 mg.1™.
V STN 75 7111je stanovena ako medzna hodnota 125mg.1™.

Priemerny obsah horc¢ika v podzemnych vodach vzorkového materialu atlasu
je 25,56t 25,57 mg.lt s medianom 18,48 mg.I"t. Najnizsie koncentracie
horc¢ika sa viazu na vrcholové Casti kryStalinika Zapadnych Karpat, neo-
vulkanické horniny a vychodnu ¢ast SpiSsko-gemerského rudohoria. Stredné
a vysoké obsahy horcika su charakteristické najméa pre oblast Podunajskej
panvy a jej severovychodnych vybezkov, Lucensku a Rimavsku kotlinu.
V podzemnych vodach geneticky viazanych na karbonaty pomer Mg/Ca
umoznuje indikovt ucast vapencov, dolomitov a ich prechodnych ¢lenov
na tvorbe chemického zloZenia podzemnych véd cirkulujucich v danom
mezozoickom suvrstvi. Na zaklade Statistického spracovania su hodnoty
uvedeného koeficientu nasledovné: vapencovy obeh (<0,25),zmieSany va-
pencovo-dolomitovy obeh (0,25—0,75)a dolomitovy obeh (>0,75).
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MAGNESIUM (Mg)
(atomic weight 24.30)

Magnesium is released to groundwaters mainly by the interaction between
water and amphibole, olivine, pyroxenes, dolomite, magnesite and clay
minerals, its concentration in the water being controlled by the conditions
of weathering. Its content in sea water is 1272mg.I*. Mg concentrations
in groundwaters reach 40 mg.I}, the Ca/Mg ratio being rougly 4:1to 1:2.
Magnesium content in brines is sometimes over 57 000mg.1 ™.

Some waste waters may be a secondary magnesium source (e.g. soda produc-
tion), but groundwater pollution by high magnesium contents is very rare.
Magnesium in groundwaters is dominated by ion Mg?". Complexes
[MgS0,(aq)]°, [MgCO4(aq)]® and [MgOH]° are less abundant. Ion asso-
ciates in highly-mineralized waters account for up to 40% of the total
magnesium content. Controlled by pH, magnesium may precipitate as
MgCO;.3H,0 from slightly acid water, 3MgCO4;.Mg(OH),.3H,O from
neutral water and as Mg(OH), from water whose pH exceeds 9. If the water
contains phosphates, magnesium forms poorly soluble Mg;(PO,),.
Magnesium ranks among major components causing water hardness. High
magnesium contents (about 250mg.1™) cause bitter taste of water and con-
centrations over 100 mg.I* may cause diarrhea. WHO proposes the opti-
mum magnesium content in potable water 50 mg.1™ and the highest permis-
sible content 150 mg.1™. Slovak state standard 75 7111specifies the maxi-
mum magnesium content 125mg.1™%.

Magnesium contents in the Atlas’s groundwater samples average 25.56+
25.57mg.1"t, median being 18.48 mg.I"t. The lowest magnesium concen-
trations occur on the summit sectors of the West Carpathian crystalline
massifs, Neogene volcanic mountains and eastern SpiSsko-gemerské rudo-
horie Mts. Medium and high magnesium contents are characteristic mainly
of the Danube Basin and its northeastern embayments — Lucenec and
Rimava Basins.

In groundwater genetically associated with carbonates, the ratio indicates
the involvement of limestone, dolomite and their transient members in the
chemistry formation of groundwaters circulating in a given Mesozoic for-
mation. Statistical processing has yielded the following Mg/Ca ratios: lime-
stone circulation (<0.25),mixed limestone-dolomite circulation (0.25—0.75)
and dolomite circulation (>0.75).



VAPNIK (Ca)
(atomova hmotnost 40,08)

Vapnik patri medzi makroprvky najviac zastupené v chemickom zloZeni
prirodnych vod. Jeho obsah v morskej vode je 400 mg.I*. V podzemnych
vodach sa koncentracia vapnika pohybuje v SirSom intervale i s hodnotami
viac ako 600mg.1, pricom solanky modZu obsahovat v mnohych pripadoch
vyse 75000mg.1 ™2

Vapnik sa do podzemnych vod dostava predovSetkym rozpustanim vapen-
cov, dolomitov, magnezitu, sadrovca, Zivcov, menej amfibolitov a pyroxé-
nov, ibnovymennymi procesmi z ilovych mineralov. Antropogénnym zdro-
jom vapnika mo6zu byt niektoré druhy priemyselnych odpadovych vod
a pol'nohospodarska aktivita.

V podzemnych vodach prevlada jednoducha forma vyskytu Ca?*. V zavis-
losti od celkového chemického zloZenia vody sa mozZu tvorit rézne ionové
asociaty ako napr. [CaCO,(aq)]%, [CaHCO,]°% [CaOH]" a pod. Na tieto
komplexy pripada spravidla 5—10 %z celkového obsahu vapnika, v mine-
ralizovanych vodach do 40 %. Vapnik je jednou z hlavnych zloziek spdso-
bujucich tvrdost vody.

Tento prvok nema vyznamne;jsi vplyv na zdravie ¢loveka, hoci existuju domnien-
ky, Ze vysoka tvrdost vody moZe sposobovat reumatizmus a lamku, zatial ¢o
makka voda ovplyvnuje stavbu zubov, spdsobuje choroby srdca a krivicu.
Limitna hodnota obsahu vapnika v pitnej vode sa neudava. WHO dopo-
rucuje pre pitni vodu smernu hodnotu 25 mg.l? a maximalnu hodnotu
250mg.1"t. STN 75 7111neudava limitny obsah Ca, odportic¢ana hodnota
je nad 20 mg.I™.

Priemerny obsah vapnika vo vzorkovom materiale atlasu je 83,36t 56,85mg.I*
a median 78,12 mg.I’. Charakteristické bimodalne rozdelenie je spdsobené
tym, Ze vody s obsahom vapnika do 40 mg.I* sa viaZu najmi na horninové
prostredie krystalinika a neovulkanitov Zapadnych Karpat. Pre ostatné typy
horninového prostredia obehu podzemnych vod su charakteristické kon-
centracie vapnika okolo priemernej hodnoty. Obsahy vysSie ako priemerné
sa viazu prevazne na aluvialne sedimenty v niZinnych oblastiach a su spravi-
dla podmienené antropogénnymi zdrojmi, resp. vy§§imi obsahmi CO, v pod-
zemnych vodach.
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CALCIUM (Ca)
(atomic weight 40.08)

Calcium is one of the most abundant macroelements present in natural
waters. Its content in sea water is 400 mg.l™ . Calcium concentrations in
groundwaters range in a wide interval sometimes exceeding 600mg.1%, bri-
nes frequently containing more than 75000mg.I"* Ca.

The main sources of calcium in groundwaters include dissolution of limes-
tone, dolomite, magnesite, gypsum, feldspars, to a lesser extent also am-
phiboles and pyroxenes as well as ion-exchange processes of clay minerals.
Man-made sources of calcium comprise some types of industrial waste wa-
ters and farming.

Calcium in groundwaters occurs largely in its simple form Ca?*. Depending
on the overall water chemistry, the element may form diverse ion associa-
tes, such as [CaCOs(aq)]®, [CaHCO,]°, [CaOH]*, etc., which mostly
account for 5—10%of the total calcium content, in mineralized waters
even up to 40%.

Calcium is one of major components responsible for water hardness (for
details see ,Water hardness®).

Calcium virtually has no major effect on human health, although high
water hardness is suspected of causing rheumatism while soft water affects
teeth and causes hearth diseases and rachitis.

In general there is no limit value of calcium content in drinking water.
WHO recommends the optimum content of 25 mg.1™ and maximum per-
missible content 250 mg.I™%. Slovak state standard 75 7111does not limit
Ca content, but recommends that it should exceed 20 mg.I™.

The average calcium content in the Atlas’s samples amounted to
83.36+ 56.85mg.I"t and median was 78.12mg.I"t. The element’s cha-
racteristic bimodal distribution results from the fact that waters in the
West Carpathian crystalline massifs and Neogene volcanic mountains
contain less than 40 mg.I"* Ca whereas groundwaters in the other rock
ennvironments typically have average calcium contents. Above-ave-
rage contents are associated largely with lowland alluvial sediments and
are caused by human activities or by higher CO, contents in ground-
waters.



STRONCIUM (Sr)
(atobmova hmotnost 87,63)

Obsah stroncia v podzemnych vodach sa vS§eobecne pohybuje v desatinach
a7 stotinach mg.l"}, ale v niektorych oblastiach moZno najst aj relativne
vysoké koncentracie, ktoré prekracuji hodnotu 1 mg.1™%. Jeho obsah v mor-
skej vode je 13 mg.I. V solankach sa nachadzaju radovo stovky mg.l*
stroncia a v ojedinelych pripadoch i nad 1500mg.1™.

Prirodnym zdrojom stroncia v podzemnych vodach su mineraly (stroncia-
nit a celestin) a procesy vymeny ionov prebiehajuce na ilovych mineraloch.
Rychlost procesov v rade prvkov alkalickych zemin sa meni v sulade so zni-
7ovanim ich energie hydratacie: Mel*<Mg?'<Ca?"<Sr?"*<Ba?". Sekun-
darnym zdrojom stroncia su niektoré druhy odpadovych vod, najma z anor-
ganického priemyslu.

Stroncium ma viacero stabilnych izotopov, vyskytujucich sa v prirode,
z ktorych najdolezitejsie su: ®Sr, ®Sr, ®’Sr a ®Sr. Radioaktivne izotopy
89Sr a *Sr st umelé, produkuji sa do prirodného prostredia z jadrovych
reaktorov a explozii nuklearnych zbrani.

V podzemnych vodach vystupuje stroncium prevazne vo forme jednodu-
chého i6nu Sr#*, len v ovela mensej miere ako [SrSO,]% a [SrCO,]°.
Obsah stroncia v pitnej vode nie je limitovany u nas ani v zahranic¢i. V pod-
zemnych vodach nema vyznamnejsi vplyv na Iudské zdravie, pretoZe kon-
centracia stroncia je tu nizka. Na druhej strane sa vSak radioaktivny nuklid
Qr poklada za jeden z najnebezpecnejsich produktov jadrového rozpadu,
ktory sa priamo inkorporuje do kosti a porusuje okolité tkanivo.
Priemerna koncentracia stroncia vo vzorkovom materiali atlasu je 0,33%
0,32mg.I" a median 0,27 mg.I"}. Stroncium sa nachadza vo vsetkych typoch
podzemnych vod (len 29 nameranych hodndt bolo pod detekénym limitom).
NajnizsSie obsahy sa viazu na podzemné vody neovulkanitov a krystalinika
Zapadnych Karpat. Koncentracia od 0,2 mg.I* do 0,7 mg.I'}, miestami viak
az nad 1 mg.1" je charakteristicka pre karbonatové prostredie. Zvyseny podiel
Sr v podzemnych vodach ma antropogénny povod. Plati to najma v oblastiach
niZin a medzihorskych depresii, kde dosahuje jeho obsah a7 8,8 mg.1™.
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STRONTIUM (Sr)
(atomic weight 87.63)

Strontium concentrations in groundwaters generally vary from hundredths
to tenths of mg.1%, but in some areas they may exceed 1 mg.I*. Sea water
contains 13 mg.I". Strontium contents in brines are largely several hun-
dreds of mg.I"* exceptionally even over 1500mg.1™%

Natural sources of strontium in groundwater are minerals strontianite and
celestine as well as ion-exchange processes in clay minerals. The intensity
of the ion-exchange processes in alkaline earths essentially corresponds to
the decline in their hydration energy: Me'*<Mg?*<Ca?*<Sr? <Ba?". Some
waste waters, mainly those of inorganic industry, are a secondary source
of strontium.

Strontium has several stable naturally occurring isotopes, the most impor-
tant of which are 84Sr, ®Sr, 8’Sr and ®8Sr. Radioactive isotopes 8Sr and *°Sr
are man-made, released into natural environment from nuclear reactors and
nuclear bomb explosions.

Strontium is present in groundwaters largely as simple ion Sr?*, much more
rarely as [SrSO,]° and [SrCO,]°

Strontium content in drinking water is limited neither in Slovakia not in
other countries. Strontium concentrations in groundwaters are low and the-
refore do not significantly affect human health. In contrast, radioactive
nuclide ®°Sr which gets incorporated in bones and damages surrounding tis-
sues ranks as one of the most dangerous fission products.

Average Sr concentration in the Atlas’s samples was 0.33£0.32mg.1* and
median amounted to 0.27mg.I. Strontium is present in virtually all kinds
of groundwaters (only 29 analyses below detection limit). The lowest con-
centrations occur in groundwaters of Neogene volcanic rocks and the West
Carpathian crystalline massifs. Concentrations between 0.2and 0.7 mg.1?,
locally even above 1 mg.I" are typical of carbonate environments of ground-
water circulation. Reaching as much as 8.8 mg.I%, Sr contents in ground-
waters in lowlands and intermontane depressions are frequently affected
by human activities.



MANGAN (Mn)
(atomova hmotnost 54,94)

Mangan je beZznou a pomerne rovnomernou zloZkou chemického zloZenia
podzemnych vod. Jeho obsah zavisi od horninového prostredia a oxida¢no-
-redukénych podmienok obehu. V podzemnych vodach sa nachadza beZzne
okolo 0,02mg.I"* tohto prvku, morska voda ho obsahuje 0,001 —0,0Img.I™%.
Mbobzu sa vSak vyskytovat aj pomerne vysoké koncentracie, teda viac ako
10mg.I" a v niektorych pripadoch aj viac ako 150mg.I"%. Je to najma v pri-
pade kyslych vod z lozisk niektorych sulfidickych rud.

Mangan sa do podzemnych vod dostava z pod a sedimentov, z mangano-
vych rud a z niektorych odumretych rastlinnych casti. Antropogénnym
zdrojom mo6zu byt odpadové priemyselné vody (metalurgia, chemicky prie-
mysel a pod.).

Mangan sa mo6Ze vyskytovat v roznych oxida¢nych stupnoch od -3 do +7,
pre prirodné vody vSak maju najvacsi vyznam Mn?*, Mn®*" a Mn**. V ano-
xickych podmienkach je najstabilnejSou formou vyskytu Mn?". V zavis-
losti od chemického zloZenia vody a hodndét pH sa moézu vyskytovat
[Mn(H,0):]*, [Mn(OH)]*, [Mn(OH);]" a [MnSO,(aq)]°. Na rozdiel od
Fe?* je Mn?* stabilnejsi pri oxidacii a naopak nachylnejsi na redukciu.
Mangan je dolezity pre rastliny a ZivoCichy. V koncentraciach vyskytuju-
cich sa v podzemnych vodach je zdravotne nezavadny. Vyznamne, viac ako
Zelezo ovplyvnuje organoleptické vlastnosti vody. V koncentraciach vac-
§ich ako 0,15mg.I" nepriaznivo ovplyvituje chuf vody a jeho nerozpustné
vySsie oxidacné formy mozu sfarbovat materialy, ktoré prichadzaju s touto
vodou do styku. Jeho pritomnost sa modZe nepriaznivo prejavit premnoze-
nim manganovych baktérii. Vyskytli sa aj pripady neurotického vplyvu
manganu v pripade banikov, ktori boli vystaveni dlhsi ¢as posobeniu pra-
chu s obsahom tohto prvku.

Smerna hodnota WHO pre obsah manganu v pitnej vode je 0,1 mg.1?, rov-
naka je aj medzna hodnota podla STN 75 7111.

Priemerna koncentracia manganu vo vzorkovom materiali atlasu je 0,09+
0,43 mg.I't. Hodnota medianu vypocéitana z celého stiboru je mensia ako
detekény limit pouzitej analytickej metody, pretoze nadpoloviény pocet
vzoriek nedosahuje hodnotu detek¢ného limitu (konvencne moze byt me-
dian 0,0025mg.I"). Distribucia manganu velmi pripomina distribuciu
Zeleza. Odlisnosti su sposobené zdrojom tychto prvkov. Anomalie su rozsi-
rené najma v oblasti Zahorskej, Podunajskej a Vychodoslovenskej niZiny.
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MANGANESE (Mn)
(atomic weight 54.94)

Manganese is a common and fairly evenly distributed component of ground-
water chemistry. Its content is dependent on the rock environment and oxi-
dation-reduction conditions along the circulation routes. Groundwaters
usually contain around 0.02mg.1™ Mn and sea water 0.001—0.0Ing.I* Mn.
However, groundwaters sometimes have much higher Mn concentrations —
in excess of 10 mg.I* or even over 150 mg.I*, largely in acid waters from
sulphide deposits.

Manganese comes to groundwaters from soils and sediments, manganese
ores and some decaying plant parts. Some industrial waste waters (smel-
ting, chemical industry, etc.) may also contain manganese.

Manganese occurs in valences ranging from -3 to +7, but groundwaters are
dominated by Mn?*, Mn®" and Mn*". Mn?"is the most stable form under
anoxic conditions. The presence of [Mn(H,0);]**, [Mn(OH)]",
[Mn(OH);]" and [MnSO,(aq)]° depends on water chemistry and pH con-
ditions. Unlike Fe?", Mn?* is more stable under oxidizing conditions and
can be reduced more readily.

Manganese is important to plants and animals. It is neurotoxic, especially
to miners who inhale manganese-bearing dust for a long time. Mn con-
centrations in groundwaters are medically harmless. It considerably in-
fluences organoleptic properties of water, more than iron does. Mn con-
centrations over 0.15mg.I" adversely affect water taste and its insoluble
higher oxidation forms may colour objects that are in contact with this
water. The element may also be responsible for the overpopulation of man-
ganese bacteria.

Slovak standard No. 75 7111permits up to 0.1 mg.I™* Mn in drinking water
and so does WHO.

Manganese contents in the Atlas’s samples averaged 0.09+ 0.43 mg.1™.
Median calculated from the whole population of samples is lower than
the detection limit of the analytical method used as more than half of the
samples yielded concentrations below the detection limit (median can be
arbitrarily put at 0.0025mg.I""). The distribution of manganese much
resembles that of iron as both elements have similar properties. Some dif-
ferences, however, result from the sources of these two elements. Mn ano-
malies are most widespread in the Zahorie, Danube and East Slovakian
basins.



ZELEZO (Fe)
(atomova hmotnost 55,85)

Vyskyt Zeleza v podzemnych vodach je vel'mi Casty v koncentraciach do
desiatok mg.l", vieobecne menej ako 0,5 mg.l?, bezne 0,5—20 mg.I™
V morskej vode dosahuje obsah 0,002 —0,02ng.I". Najvyssie koncentracie
Zeleza sa zistili v kyslych vodach termalnych pramenov a vo vytokoch zo
§tolni, ktoré obsahuju aj viac ako 6 000mg.I* Zeleza.

Primarnym zdrojom Zeleza v prirodnych vodach su amfibolity, pyrotin,
pyrit, magnetit, siderit, hematit, dalej oxidy, sulfidy, karbonaty a ilové mi-
neraly obsahujuce Zelezo. Zelezo sa z tychto mineralov dostava do roztoku
kombinaciou chemickych a biochemickych procesov. Jeho sekundarnym
zdrojom su odpadové priemyselné vody a vSetky zelezné a ocelové rozvo-
dy, vrty, vodné rezervoare a pod.

Zelezo sa vyskytuje v podzemnych vodach v dvojmocnej alebo trojmocne;j for-
me. V anoxickom prostredi vystupuje v oxida¢nom stupni II a v oxickom pros-
tredi v oxidaénom stupni III. Vo vodach moéze byt pritomné v rozpustnej aj
nerozpustnej forme, ¢o zavisi od hodnoty pH, oxida¢no-redukéného potencialu
a pritomnosti komplexotvornych latok anorganického aj organického povodu.
Rozpustnost Fe(OH),(s) je podstatne vacSia ako rozpustnost Fe(OH)q(s).
Zelezo sa nachadza v tkanive takmer vietkych organizmov.

Odporacanie WHO nenavrhuje nijaka smernti hodnotu koncentracie Zeleza v pit-
nej vode. Pri obsahoch okolo 0,3mg.I sa Zelezo po kontakte s atmosférou vyzraza
a sposobuje charakteristické sfarbenie vody, ktoré je zavaznym vzhladovym nedo-
statkom. STN 75 7111uvadza medznu hodnotu pre obsah Zeleza 0,3 mg.1™.

V podzemnych vodach vzorkového materialu atlasu je priemerna hodnota obsahu
Zeleza 0,1+ 0,78 mg.I* a median 0,01 mg.l™. Vseobecne mozno povedat, Ze
distribucia Zeleza v podzemnych vodach zavisi najma od oxida¢no-redukénych
podmienok v horninovom prostredi. Z toho vyplyva na jednej strane vyskyt
8100hodnot pod detekénym limitom (vyjadrené v monoprvkovej mape bodo-
vou znackou) a na druhej strane lokalne, Casto aj regionalne, anomalie koncen-
tracie Zeleza sposobené prirodnymi aj antropogénnymi vplyvmi. Tieto su viazané
hlavne na oblasti nizin (Zahorska niZina, Podunajska niZina) a vnutrohorské
depresie vyplnené sedimentami neogénu a paleogénu, v ktorych su v kolekto-
roch podzemnych vod vytvorené redukéné podmienky. Vysoké obsahy Zeleza st
Casto doprevadzané zvySenymi koncentraciami manganu, ktory ma podobné
geochemické vlastnosti.
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IRON (Fe)
(atomic weight 55.85)

Iron concentrations in groundwaters very frequently attain tens of mg.l™?,
commonly 0.5—20mg.I", rarely less than 0.5 mg.I*. Sea water contains
0.002—-0.02ng.I". The highest iron concentrations (over 6 000mg.1™) have
been noted in acid thermal springs and effluent from mine adits.

Primary sources of iron in natural waters include amphiboles, pyrhotite,
pyrite, magnetite, siderite, hematite, other iron-bearing oxides, sulphides,
carbonates and clay minerals. From these minerals, iron is liberated into
solution by a combination of chemical and biochemical processes. Secon-
dary sources of iron are industrial waste waters and virtually all iron and
steel pipes, drillholes, water reservoirs, etc.

Iron in groundwaters is di- and trivalent. The former is present in anoxic
environments and the latter in oxidizing ones. Iron may occur in water eit-
her in soluble or insoluble forms depending on pH, oxidation-reduction
potential and the presence of complex-forming agents of inorganic and
organic origin. Fe(OH),(s) solubility is much higher than that of
Fe(OH)4(s). Iron is found in tissues of virtually all organisms.

WHO considers iron as harmless to human health and therefore does not
limit iron concentrations whatsoever. When contacted by air, iron contents
in water around 0.3 mg.I"* precipitate and give rise to a characteristic colo-
ration of water that is undesirable by drinking, cooking, washing, etc.
Slovak standard No. 75 7111permits the maximum iron content in drin-
king water 0.3 mg.1™

Average content in the Atlas’s samples was 0.1+ 0.78 mg.l* and me-
dian 0.01mg.1" Fe. Iron distribution in groundwaters is generally con-
trolled by oxidation-reduction conditions in the rock environment
along circulation routes. As a result, 8 100 analyses were below the
detection limit (marked by a point symbol on the one-element map)
and on the other hand local, often regional, anomalies reflected local
conditions or natural and man-made character. These occur mostly in
lowlands (Zahorie and Danube Lowlands) and intramontane depres-
sions filled with Neogene and Paleogene sediments whose aquifers
have reducing conditions. High iron contents are often associated with
increased concentrations of manganese which has similar geochemical
properties.



FLUORIDY (F)
(atobmova hmotnost 18,998)

Koncentracia fluoridov v prirodnych vodach je oby¢ajne niZsia ako 1,0mg.I, hoci
v niektorych pripadoch dosahuje ich obsah aZ niekolko desiatok mg.1. Fluor je
v geologickom prostredi pritomny v takych mineraloch ako st fluorit (CaF,) a apa-
tit (Cag (Cl, F, OH) (PO,)5. Ich zvetravanim sa mozu uvolnovat do roztokov fluo-
ridy, avsak len v nepatrnom mnozstve. Do vody sa mozZu dostat z priemyslu.
Kryolit (Na;AlF) sa napriklad pouziva pri elektrolytickej vyrobe hlinika. Zdrojom
fluoridov v podzemnych vodach moze byt aplikacia fosfatovych hnojiv.

Fluoridy sa vyskytuju vo vode ako F~ anion. Vo vode tvoria komplexy s mno-
hymi katidonmi, vratane hlinika, berylia a iénov Zeleza. Rozpustené fluoridy
mozZu reagovat s vapnikom, pricom sa formuje fluorit, ktorého koeficient roz-
pustnosti je 10% Vyzrazavanie fluoritu moze posobit ako kontrolny mecha-
nizmus limitujuci mnozstvo fluoridov v podzemnych vodach v pripade, ak je
v roztoku pritomny rozpusteny vapnik. Znama je aj vlastnost fluoridov vstu-
povat do iénovymennych procesov. Dobrym sorbentom je gibbsit, kaolinit
a halloyzit. Adsorbcia F~ je intenzivnejSia pri niz§ich hodnotach pH.
Fluoridy su potrebné pre spravny rast zubov, avSak ich prebytok nad limitné
mnoZstvo uZ moze naopak sposobovat zubny kaz alebo mat az toxické ucin-
ky. Z hladiska ich preventivneho, pozitivneho posobenia proti kazivosti
zubov sa podla STN 75 7111odporuca koncentracia fluoridov v pitnej vode
do 0,8—1,0mg.I"}, ak nie je zabezpeceny prijem fluoridov inym sposobom.
Limitné mnozZstvo podla STN 75 7111Pitnd voda je 1,5 mg/1 (to isté plati
podla WHO).

Na uzemi Slovenska v dosledku mineralogicko-petrografického charakteru
hornin nie s podmienky na mobilizovanie fluoridov do podzemnych vod
z primarnych zdrojov. Z mapy distribucie koncentracie hodno6t fluoridov je
zrejmé, Ze priblizne polovica vzoriek obsahovala fluoridy v mnozstvach
mensich ako bol detekény limit (0,1 mg.I™"). Tieto podlimitné koncentracie
sa viazu bezprostredne na podzemné vody s celkovou mineralizaciou do
250—300mg.I". Priemerna koncentracia fluoridov z celého suboru predsta-
vuje 0,12+ 0,12mg.I"* a median 0,1 mg.I"". Iba priblizne 21 %vzoriek malo
koncentraciu fluoridov 0,18 mg.1™* alebo vys§iu. Maximalna zistena kon-
centracia bola 4,0 mg.l?, avsak ako ojedineld hodnota. ZvySené a maxi-
malne koncentracie sa viazu na oblasti juhoslovenskych kotlin, juhovy-
chodnej ¢asti Podunajskej niziny a na Vychodoslovensku niZinu.
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FLUORIDES (F)
(atomic weight 18.998)

Fluoride concentrations in natural waters are usually below 1.0 mg.1%, but
sometimes they attain several tens of mg.I. In rocks, fluorine is bound to
minerals, such as fluorspar (CaF,) and apatite (Cas (Cl, F, OH) (PO,);. In
the course of weathering, these minerals release fluorides but only in negli-
gible amounts. Waters are also contaminated by industrial waste containing
hydrogen fluoride acid. For example, cryolite (Na;AlF;) is used as an agent
facilitating aluminium electrolysis. Aplication of phosphate fertilizers may
be another source of fluorides in groundwaters.

Fluorides occur in groundwaters in the form of F™ anion. In water they
create complexes with a number of cations including iron ions, aluminium
and berylium. Dissolved fluorides can react with calcium to form fluorspar
whose dissolution product is 107%4 Fluorspar precipitation may reduce
the amount of fluorides in groundwaters provided that calcium is available
because fluorides are known to enter into ion-exchange processes.
Giggsite, kaolinite and halloysite are good sorbents as well. F~ adsorbtion
is more intensive at lower pH values.

Children need fluorides for proper tooth growth, but on the other hand
fluoride surplus may cause tooth defects. Slovak standard No. 75 7111
recommends that drinking water should contain 0.8 —1.0mg.1"* fluorides,
unless fluoride intake from a different source is ensured.

Flouride concentrations are important also from a hygienic point of view.
Slovak standard No. 75 7111and WHO specify the highest permissible
fluoride content in potable water of 1.5 mg.I"Y. Owing to the mineralogic-
-petrographic character of rocks in Slovakia, fluorides cannot be released
to groundwaters from primary sources. The map of fluoride distribution
indicates that its content in roughly one half of samples was below the
detection limit of the analytical method used (0.1 mg.I'"). The concentra-
tions below detection limit occur in groundwaters whose T.D.S. attains
250—300mg.I"t. Average fluoride content in the Atlas’s samples was 0.12+
0.12mg.I"* and median 0.1 mg.I'Y. Only about 21 % of samples contained
at least 0.18mg.I"*. The maximum concentration was 4.0mg.1%, but it is an
exceptional value. The increased and maximum concentrations occur in
basins in southern Slovakia, southeastern Danube Basin and East
Slovakian Basin.



CHLORIDY (ClI)
(molekulova hmotnost 35,453)

Hoci chlor moze existovat v mnohych oxidaénych stupnoch, pre prirodné
vody je vyznamné iba jeho vystupovanie vo forme chloridovych aniénov CI'.
Viac nez tri Stvrtiny celkového mnozZstva chloru v zemskej kore, hydrosfére
a atmosfére sa nachadza v oceanskej vode ako chloridovy anion C1°. Chlo-
ridy m6Zu z horninového prostredia primarne vznikat iba v nepatrnej miere
napr. zo sodalitu alebo apatitu, eSte menej z biotitu a amfibolu a z inkluzii
v niektorych mineraloch. Ovela vyznamnejSim zdrojom ich vyskytu vo vo-
dach su evapority, najma mineral halit a reliktné morské vody. Chloridy su
pritomné aj v zrazkovej vode v dosledku fyzikalnych procesov, pri ktorych
sa do ovzdusia dostavaju kvapky morskej vody. Takto sa ¢ast NaCl-zlozky
transportuje z oceanskeho prostredia a pobreznych zon az nad kontinent,
kde ovplyvnuje kvalitu povrchovych a podzemnych vod.

Chloridy sa v beznych prirodnych vodach vyskytuju v relativne nizkych
koncentraciach, zvycajne nizsich ako 100 mg.I't. Ako kontaminant mozu
byt produktom Sirokej §kaly Iudskej Cinnosti (priemyselné odpadové vody,
komunalny odpad, pouzivanie organickych hnojiv v polnohospodarstve,
solenie ciest a pod.). Chlor je navyse zlozkou halogenovanych organickych
zlucCenin pouzivanych v priemyselnych rozpustadlach a v pesticidoch.
Koncentraciu chloridov v pitnej vode stanovuje STN 75 7111medznou hod-
notou 100mg.I"%. Ak je vSak tato koncentracia ovplyvnena geologickym charak-
terom prostredia, je mozné pripustif v pitnych vodach aZ hodnotu 250 mg.1™.
Standard WHO pre pitné vody koncentraciu chloridov nelimituje.
Regionalnu distribuciu koncentracie chloridov v podzemnych vodach na
uzemi Slovenska charakterizuje zakladny fakt, Zze vo vodach plytko podpovr-
chovych obehov v horninovom prostredi kryStalinika, mezozoika, neovulka-
nitov, ilovcov a pieskovcov paleogénu (horské oblasti) dosahuje tato koncen-
tracia prevazne hodnoty typické aj pre zrazkové vody (1—3mg.1?). V tychto
oblastiach sa vysSie koncentracie (>20 mg.l™") vyskytuju najmi v zneciste-
nych vodach v intravilanoch obci. V podzemnych vodach fluvialnych a delu-
vialnych sedimentov v udoliach riek a v nizinnych oblastiach celého Sloven-
ska pozorujeme vyznamny narast koncentracie chloridov. Priemerna hod-
nota pre cely stibor z uzemia Slovenska je 29,06t 43,3 mg.I" s medianom
9,4 mg.I*, v oblastiach so zjavnymi antropogénnymi vplyvmi st vsak tieto
koncentracie zriedkakedy niZsie ako 20 mg.l*. PrevaZuju tu koncentracie
30-120mg.1™.
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CHLORIDES (ClI)
(molecular weight 35.453)

Although present in many oxidation states, the only chlorine form signifi-
cant for natural waters is chloride anions CI". The CI anions in sea water
account for more than three quarters of total chlorine content in the earth’s
crust, hydrosphere and atmosphere. Only negligible amounts of chlorides
can be released primarily from a rock environment, e.g. from sodalite or
apatite, even less from biotite and amphibole and from inclusions in
some minerals. Much more chlorides are relased to waters from evapori-
tes, mainly halite, and from connate waters. Chlorides are present in me-
teoric water as a result of physical processes when sea-water drops are
blown into the atmosphere. Some NaCl is thus transported from seas and
coastline zones inland where it affects the quality of surface and ground
waters alike.

Chloride concentrations in common natural waters are fairly low, mostly
below 100 mg.I'"t. Chloride contamination is produced by a wide variety
of human activities through industrial waste waters, household wastes,
using organic fertilizers in agriculture and road salting. Furthermore,
chlorine is part of halogenated organic compounds in industrial solvents
and pesticides.

According to Slovak state standard No. 75 7111,potable waters cannot
contain more than 100 mg.1* chlorides. Nevertheless, chloride concentra-
tions up to 250 mg.I* are tolerated provided that they are caused by geo-
logical factors. WHO standards for drinking water do not limit chloride
concentrations.

Regional distribution of chloride concentrations in Slovakia’s ground-
waters reflects the essential fact that near-surface waters circulating in the
crystalline massifs, Mesozoic rocks, Neogene volcanics, Paleogene claysto-
nes and sandstones (in mountain areas) largely display chloride concentra-
tions typical of meteoric waters (1—3 mg.lI* Cl). Higher concentrations
(>20mg.1") in these regions typically mark polluted waters in and near vil-
lages and towns. Chloride concentrations in ground waters bound to fluvial
and deluvial sediments in river valleys and lowlands throughout Slovakia
have considerably increased. The average content in the Atlas’s samples
was 29.06t43.3mg.I* Cl and median 9.4 mg.l?, but in the above-men-
tioned areas obviously affected by man-made pollution the concentrations
rarely drop below 20 mg.I"}, mostly ranging from 30to 120 mg.I"* CL.



DUSICNANY (NO,)
(molekulova hmotnost 62,004)

Dusik sa vyskytuje v prirodnych vodach nielen v oxidovanej i redukovanej,
ale aj v elementarnej forme (plyn N,). VSeobecné formy anorganického
dusika zahfnaju dusicnany NOj, dusitany NO;, plynny dusik N,, amonium
NH; a kyanidy CN". Vo forme aminokyselin je podstatnym prvkom orga-
nickej hmoty dusik.

Zdrojom sekundarneho znecistenia podzemnych vod zlu¢eninami dusika su
najma komunalne odpadové vody, ZivoCisSne odpady a hnojiva. Dusi¢nany
maju len vel'mi slabé komplexotvorné vlastnosti a vyskytuju sa v prirodnych
vodach prevazne v jednoduchej ionovej forme, ako NO3. V prirodnych vo-
dach sa obsah dusi¢nanov meni v zavislosti od vegetaéného obdobia.
Nadlimitna koncentracia dusi¢nanov v pitnej vode moze sposobit methemoglo-
binémiu dojciat. Za limitné (medzna hodnota) sa v STN 75 7111pokladaji
koncentracie dusi¢nanov 50 mg.I™ a vysSie (t. j. 10mg.I* N podla WHO), pre
malé deti sa vSak za nebezpecné pokladaju uz hodnoty 15mg.I"". Hodnotu kon-
centracie dusitanov v pitnej vode limituje STN 75 7111koncentraciou 0,1 mg.1?,
Standardy WHO ju nelimituju. Dusi¢nany vykazuju nepriame toxické ucinky
a podla STN 75 7111je prijatelny denny prijem 4 aZ 5 mg.1™ telesnej hmotnosti
a podiel prijmu pitnou vodou priemerne 30 %prijatelného denného prijmu. Pri
zisteni dusitanov v podzemnej vode treba prihliadat aj na obsah dalSich redu-
kujucich zloZiek (Fe** a pod.), kontaminaciu, povod vody a spdsob jej ochrany.
Distribucia hodndt koncentracie dusi¢nanov v podzemnych vodach na
uzemi Slovenska ma v zasade tie isté Crty ako v pripade chloridov a siranov,
rozdiely v suvislosti s horskymi a nizinnymi resp. kotlinovymi terénmi su
vSak najvyraznejSie. Suvisi to s vysokymi pol'nohospodarskymi aktivitami
v uvedenych oblastiach, z ktorych najvacsim ploSnym zdrojom dusi¢nanov
je aplikacia dusikatych hnojiv.

Priemerna koncentracia dusi¢nanov v podzemnych vodach celého suboru
predstavuje 36,17+ 71,25mg.I"* a median iba 8,8 mg.l™. Je to dosledok
vel'mi Specifickej distribucie hodnot celého suboru, ked'ze takmer tretina
vzoriek vykazovala hodnoty niZsie ako 3 mg.I'* a az takmer 55 % vzoriek
malo koncentracie NOgniZSie alebo rovné 11,3mg.I". Tieto niZsie koncen-
tracie sa bezvyhradne viazu na horské oblasti a v niektorych pripadoch (naj-
ma v pripade rieky Dunaj) na pribreznu zénu infiltracie povrchovych vod.
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NITRATES (NO,)
(molecular weight 62.004)

Nitrogen naturally occurs in an oxidated, reduced and elementary form
(gas N,). Common forms of anorganic nitrogen comprise nitrates NO3,
nitrites NO3, nitrogen gas N,, ammonium NHj; and cyanides CN.
Nitrogen in the form of amino acids is an essential component of organic
matter.

Groundwaters are polluted by nitrogen compounds from household waste
waters, animal wastes, but chiefly fertilizers. Rarely forming complexes, nit-
rates mostly occur in natural waters as simple NOj ions. Nitrate content in
natural waters varies depending on the vegetation season.

Nitrate concentrations in drinking water exceeding permissible limits may
cause methemoglobinemia of babies. Slovak state standard No. 75 7111
permits 50 mg.I* (WHO only 10 mg.I"* N), but concentrations as little as
15 mg.I" are considered dangerous for little children. Nitrite concentra-
tions in drinking waters are limited by the Slovak standard No. 75 7111to
0.1mg.1*, but WHO does not limit them whatsoever. Nitrates have indirect
toxic effects and therefore their daily takeup is limited by the standard No.
75 7111to 4—5mg per 1 kg of body weight of which no more than 30%
should come from drinking water. Nitrites are assessed with regard to the
contents of other reducing components (such as Fe?"), water contamina-
tion, origin and mode of protection.

The distribution of nitrates in Slovak groundwaters is similar to those
of chlorides and sulphates, but displays biggiest differences between
mountains on the one hand and lowlands and basins on the other
hand. This results from intensive agriculture in the latter areas in
which the most extensive areal pollution has been caused by nitrogen
fertilizers.

Nitrate concentrations in all groundwater samples averaged 36.17+
71.25mg.1" with median as low as 8.8 mg.1™ . The latter results from an
extremely specific distribution of nitrate contents as nearly 1/3 of samples
contained less than 3 mg.I™" and almost 55 % of them contained less than
11.3 mg.I* NO,. The low concentrations occur exclusively in mountain
areas and (mainly in the case of River Danube) in near-bank zone of me-
surface-water infiltration.



SIRANY (SO,)
(molekulova hmotnost 96,06)

Sira a jej zIuCeniny sa dostavaju do prirodného prostredia ako jeden z dosled-
kov zvetravania vel'kého poc¢tu mineralov obsahujucich siru. M6Zu sa uvolno-
vat predovSetkym pri oxidacii hornin obsahujucich pyrit, priCom mikro-
organizmy uéinkuju ako katalyzator oxidacie. Dal§im vyznamnym zdrojom
sulfatov v sedimentarnych horninach je sadrovec a anhydrit. Sekundarnym
zdrojom siranov v podzemnych vodach moze byt spracovanie sulfidickych
rud a spalovanie fosilnych paliv, ktoré vZdy obsahuju urc¢ité mnozstvo siry.
Sira sa v zivotnom prostredi vyskytuje vo valenénom stave od S? do S*°.
Najstabilnejsie st dve oxidované formy HSO, a SO7 a tri redukované formy
S%, HS a H,S (hydratovany).

Koncentracia siranov sa v prirodnych vodach pohybuje od desatin a jedno-
tieck mg.l" (zrazkové vody) cez najbeznejsie koncentracie 10—40 mg.1*
(nizko a stredne mineralizované vody krystalinickych a karbonatickych hor-
ninovych komplexov) az po 2,2 g.1" v pripade nasytenia podzemnych vod
v styku s akumulaciami sadrovca.

STN 75 7111limituje koncentraciu siranov pitnej vody medznou hodnotou
250 mg.1*, standardy WHO ju viak nelimituju. MozZno pripustit prekro-
¢enie aZ na hodnotu 350 mg.l? s uvaZenim pritomnosti dalsich makro-
zloZiek, najma Mg.

Stredné hodnoty koncentracie siranov v podzemnych vodach celého uzemia
dosahuju aritmeticky priemer 73,57+ 89,6 mg.I"* a median 42,75mg.I™.
Regionalna distribucia hodnot koncentracie siranov v podzemnych vodach
na uzemi Slovenska ma obdobné ¢rty ako v pripade chloridov. Na rozdiel od
nich vSak sirany maju na nasom uzemi aj geogénny zdroj. V hydrogeologic-
kych Strukturach karbonatického mezozoika sa podzemné vody ¢asto dosta-
vaju do styku s polohami sadrovcov resp. anhydritov a vtedy moze koncen-
tracia siranov dosiahnut aj hodnotu stoviek mg.I%. V horskych oblastiach,
ktoré nie su vyznamnejSie postihnuté znecCistenim a sirany tu maju prevazne
petrogénny charakter, pohybuje sa koncentracia siranov v podzemnych
vodach v rozsahu od 5 do 40 mg.I*. Vyssie koncentracie ako 50 mg.1™ st uz
charakteristické pre viac ¢i menej zneCistené podzemné vody, maximalne
hodnoty (vyse 1 g.I™) su typické pre najviac znecistené prvé zvodnené hori-
zonty v oblasti bratislavskej aglomeracie, Zahorskej niziny, Podunajskej nizi-
ny, stredného a dolného Ponitria a Povazia, dolného Hrona, juhoslovenskych
kotlin, Liptovskej, Popradskej a KoSickej kotliny a Vychodoslovenskej niZiny.
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SULPHATES (SO,)
(molecular weight 96.06)

Sulphur and its compounds are released into natural environment by
weathering of numerous minerals containing this element. This applies
chiefly to pyrite which, when exposed to oxidation, releases sulphates.
The process may be aided by microorganisms which act as an oxidation
catalyst and agent. Gypsum and anhydrite are further important sour-
ces of sulphates.

Secondary sources of sulphates in groundwaters comprise smelting of sul-
phidic ores and burning of fossil fuels which always contain some sulphur.
Sulphur occurs in nature in valences S to S*®. Two oxidated forms HSO,
and SO? three reduced forms S*, HS™ and H,S (hydrated) are the most
stable.

Sulphate concentrations in natural waters range from tenths to several mg.I*
in meteoric waters through 10—40mg.I" in low- and medium-mineralized
waters in crystalline and carbonate rocks to 2.2 g.I"* in groundwaters dissol-
ving gypsum occurrences.

Slovak state standard No. 75 7111for drinking water permits sulphate con-
centrations up to 250mg.1"* whereas WHO does not limit them at all. With
respect to other macrocomponents, up to 350mg.1"* could be tolerated.
Mean values of sulphate concentrations in groundwaters of the whole
investigated territory have arithmetic mean 73.57+ 89.6mg.1"* and median
42.75mg.I™

The regional distribution of sulphates in groundwaters in Slovakia bears
the same signs as that of chlorides. The only difference is that sulpha-
tes in Slovakia have also a geogenic source as groundwaters in hydro-
geologic structures in Mesozoic carbonates often contact gypsum
and/or anhydrite layers which can increase sulphate concentrations in
groundwaters to several hundreds of mg.l™ . In essentially unpolluted
mountain areas where sulphates are largely of petrogenic character
their concentrations in groundwaters vary from 5 to 40 mg.I't. In con-
trast, concentrations above 50 mg.l" are characteristic of more or less
polluted groundwaters. The maximum sulphate concentrations (above
1 g.I") typically occur in the most contaminated aquifers in the
Bratislava area, Zahorie Basin, Danube Basin, central and lower Nitra
and Vah Basins, lower Hron Basin, basins in southern Slovakia, Liptov,
Poprad and KoSice Basins as well as East Slovakian Basin.



FOSFORECNANY (PO,)
(atobmova hmotnost 94,971)

Fosfor sa v prirode vyskytuje vo viacerych valenénych stavoch, ale pre pri-
rodné vody je vyznamny iba +5-valen¢ny stav. Fosfor rozpusteny vo vode
sa vyskytuje vo forme kyseliny fosfore¢nej H,PO, a jej disociacnych pro-
duktov, iénov H,PO;, HPO3 a PO3. Pomer, v akom sa v roztoku nacha-
dzaju, zavisi od hodnoty pH. Rozpustné zluceniny fosforu sa vel'mi inten-
zivne sorbuju do pody, preto ma fosfor vo vSeobecnosti veI'mi nizku mobi-
litu v podzemnej vode. V alkalickych podach moze reagovat s CaCOg pri
formovani mineralu hydroxyapatitu Cas(PO,);(OH).

Hoci je fosfor v zemskej kore vel'mi hojny, jeho koncentracie v prirodnych vodach
byvaju vel'mi nizke, iba niekol’ko desatin mg.I"%, &o nie je len ddsledok vel'mi nizkej
rozpustnosti anorganickych zlucenin tohto prvku, ale aj jeho zachytavania v bio-
sfére ako vyznamného nutrientu. Z geochemického hladiska je v zone hypergenézy
vyznamna adsorbcia fosfore¢nanovych ionov oxidmi Zeleza a manganu, ¢o takisto
limituje vyskyt vysSich koncentracii fosfore¢nanov v prirodnych vodach.
Fosfore¢nany sa uvolfiuju do zivotného prostredia najmé z mineralnych hnojiv,
ZivoCiSnych odpadov, odpadovych vod, detergentov a insekticidov.

Norma STN 75 7111 Pitnd voda nelimituje koncentraciu fosfore¢nanov
v pitnej vode, podobne ani Standardy WHO.

Distribucia hodnét koncentracie fosforeCnanov v podzemnych vodach na
uzemi Slovenska ma podobné ¢rty ako v pripade chloridov a siranov, t. j. vys-
Sie koncentracie sa bezprostredne viaZzu na najviac kontaminované podzemné
vody so zvySenou celkovou mineralizaciou. Priemerna hodnota koncentracie
fosfore¢nanov dosiahla 0,21+ 1,09 mg.1* a median 0,005mg.I*, ¢o je uroven
detekéného limitu pouzitej analytickej metody. Koncentraciu na urovni de-
tekéného limitu alebo pod nim vykazovalo viac ako 51 % vzoriek vod, v pri-
pade dalSich priblizne 45% vzoriek sa obsah PO, pohyboval v rozmedzi od
0,01do 1,0 mg.I™. Vyssie hodnoty (nad 1 mg.I™) boli uz ovela zriedkavejsie,
pricom maximalne koncentracie fosfore¢nanov dosahovali vyse 4 mg.I™.
Distribucia hodnot koncentracie fosfore¢nanov zjavne dokumentuje rozsah
a intenzitu znecistenia vod na nasom uzemi, ked'Ze vyznamnejsi geogénny
zdroj fosfore¢nanov tu neexistuje.
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PHOSPHATES (PO,)
(molecular weight 94.971)

Phosphorus naturally occurs in several valences, but only valence +5 is
significant for natural waters. Phosphorus dissolved in water forms
phosphoric acid H;PO, and its dissociation products — ions H,POy,,
HPOZ and PO3". The ratio of these ions in the solution is controlled by
pH. Soluble phosphorus compounds readily get sorbed in soil and the-
refore the element is generally very little mobile in groundwaters.
In alkaline soils it may react with CaCO5 to create hydroxyapatite
Cag(PO,)5(OH).

Though very abundant in the earth’s crust, phosphorus contents in natu-
ral waters are usually as low as several tenths of mg/1 due to the limited
solubility of its anorganic compounds and its interception by the biosphe-
re. From a geochemical point of view, it is noteworthy that phosphate
ions are adsorbed by iron and manganese oxides in the hypergene zone,
a phenomenon which further lowers phosphate concentrations in natural
waters.

Phosphates are released to the environment chiefly from mineral fertilizers,
animal wastes, waste waters, detergents and insecticides.

Neither Slovak standard No. 75 7111nor WHO limit phosphate contents
in drinking water.

Phosphate distribution in Slovakia’s groundwaters is similar to those of
chlorides and sulphates, i.e. higher concentrations occur in the worst
contaminated groundwaters with increased T.D.S. The phosphate
concentrations averaged 0.21+ 1.09mg.l"* and their median was equal
to the detection limit of the analytical method used (0.005mg.1™). 51 %
of water samples had phosphorus contents below or at the detection
limit. Another roughly 45 % of samples contained between 0.01 and
1 mg.l"* P. Contents above 1 mg.I"* were rare, the maximum ones ex-
ceeding 4 mg.1™.

The distribution of phosphate contents clearly illustrates the extent and
degree of water pollution in Slovakia as no major geogenic sources of this
element are known here.



HYDROGENUHLICITANY (HCO,)
(molekulova hmotnost 61,017)

Hydrogénuhlicitany su beznou sucastou chemického zloZenia podzemnych
vod, dokonca pri nizko mineralizovanych vodach prevladaju nad ostatnymi
pritomnymi aniénmi. S rasticou hodnotou celkovej mineralizacie sa
v poradi kvantitativneho zastupenia stavaju druhym alebo tretim anionom
za siranmi, resp. aj za chloridmi. Ich obsah v prirodnych vodach sa pohy-
buje pod hodnotou 500 mg.1™. V pripade sytenia podzemnych vod CO,
moze koncentracia HCOj; prevySovat hodnotu 1 000mg.I™. V morskej vode
je obsah hydrogénuhli¢itanov 142 mg.1™.

Hlavnym prirodnym zdrojom hydrogénuhli¢itanov v podzemnych vodach
je rozpustanie vapencov a dolomitov akcelerované sytenim vod CO, z roz-
nych zdrojov.

Okrem jednoduchych ionov HCOj3 su hydrogénuhliCitany pritomné vo vys-
Sie mineralizovanych vodach aj v ionovych asociatoch, najma [CaHCO,]",
[MgHCO,]*, [MnHCO,]" a iné. Pri zahrievani sa menia na vodnu paru,
oxid uhli¢ity a karbonaty. Prave karbonaty najma s Ca a Mg vytvaraju tzv.
karbonatovy inkrust, ktory zniZuje prenos tepla a zmensuje priemer rozvo-
dového potrubia. Na druhej strane vSak tenky karbonatovy inkrust vytvo-
reny v pazniciach hydrogeologickych vrtov chrani paznice pred koréziou.
Hydrogénuhlicitany priaznivo ovplyviuju chuf vody a ich pritomnost v pit-
nej vode je Ziaduca. Podla STN 75 7111by mala byt koncentracia HCO3
v pitnej vode vicsia ako 0,8 mmol.l™.

Priemerny obsah hydrogénuhli¢itanov v podzemnych vodach vzorkovaného
materialu atlasu je 267,4+ 171,1mg.I* a median 262,4mg.I"}. Z hladiska cel-
kovej distribticie sa hodnoty nizZSie ako priemerné viazu najma na prostredie
krystalinika a neovulkanitov. Obsahy vysSie ako priemerné su charakteristické
najmé pre horninové prostredie mezozoika, paleogénu, neogénu a kvartéru
a su zvicSa podmienené vysSim obsahom CO, v obehovych cestdch podzem-
nych vod. Sest hodnot nedosahujucich detekény limit reprezentuje vzorky
podzemnych vod z vytokov §tolni siranového charakteru s extrémne nizkymi
hodnotami pH (2,39—4,0)V podzemnych vodach s hodnotami pH >8,3, st
pritomné popri HCO3 i6noch aj CO3, resp. OH i6ny, €o je bezny pripad
v karbonatogénnych vodach Zapadnych Karpat hlbsich obehov.
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BICARBONATES (HCO,)
(molecular weight 61.017)

Bicarbonates commonly occur in groundwaters, in low-mineralized ones
they even prevail over the other anions. With increasing T.D.S. they are
replaced by sulphates and then also by chlorides as the most abundant ani-
ons. Bicarbonate contents in natural waters are below 500 mg.lt. In
groundwaters saturated by CO,, HCOj; concentrations may exceed
1000mg.I" . Bicarbonate content in sea water is 142 mg.1™.

The main natural source of bicarbonates in groundwaters is the dissolution
of limestone and dolomite accelerated by CO, released to the waters from
various sources.

Aside from simple ions HCOj, bicarbonates in higher-mineralized waters
are contained also in ion associates, notably [CaHCO,]*, [MgHCO,]",
[MnHCO,]" and others.

When heated, bicarbonates are decomposed into water vapour, carbon
dioxide and carbonates. The latter, mainly Ca and Mg carbonates, are
deposited as so-called carbonate incrustations in pipes and thus reduce
heat transfer and pipe diameter. On the other hand, carbonate in-
crustations on the casing of hydrogeologic wells protect them from
corrosion.

Bicarbonates improve the taste of water and consequently their presence in
water is desirable. According to Slovak standard No. 75 7111 HCOj; con-
centration in drinking water should be above 0.8 mmol.l™.

Average bicarbonate content in the Atlas’s groundwaters is 267.4+
171.1mg.1" and median 262.4mg.1". Below-average concentrations are
associated predominantly with crystalline massifs and Neogene volca-
nics. Above-average ones are characteristic of the Mesozoic, Paleogene,
Neogene and Quaternary are caused by higher CO, contents in ground-
water circulation routes. In six groundwater samples of sulphate type,
with extremely low pH (2.39—4.0),which were taken from the tunnels,
the measured values did not reach the detectability limit. In the ground-
waters with pH values over 8.3 the CO3 and the OH™ ions occur besides
of the HCOj ions. This is a typical feature of the Western Carpathian
carbonate, deep circuit waters.



ANTIMON (Sb)
(atobmova hmotnost 121,75)

Antimon reprezentuje prvok, ktory sa vyskytuje v prirodnych podmienkach v sto-
povych koncentraciach. Vacsie akumulacie sa nachadzaju v loZiskach antimonitu
a rudnych formaciach a asociaciach, ktoré byvaji prirodnym zdrojom antimonu
vo vodach. Tu sa antimoén vyskytuje hlavne vo forme sulfosoli (tetraedrit, bour-
bonit, boulangerit, jamesonit, stefanit a dalsie), pricom najvyznamnej$im mine-
ralom, ktory tvori prevazne samostatné epitermalne loziska je antimonit.
Obsah antiménu v oceanskej vode je 180—-5600ug.l*?, v prirodnych vo-
dach je koncentracia antimonu spravidla <0,3ug.1™.

Sekundarnym zdrojom antimoénu je sucha a mokra depozicia, kde sa tento
prvok dostava imisiami zo spalovania odpadov a pevnych paliv, popolceky,
umelé hnojiva, Gistiarenské kaly a uprava rud. Radioaktivny izotop %°Sb
bol zisteny vo vodach ako dosledok pokusov s jadrovymi zbranami.
Antimén sa v prirodnych vodach nachadza vo forme Sb3* a Sb°*, vytvara
komplexy, z ktorych su stabilné hlavne s OH’, CO3 a C,0%. V morskej vode
je pravdepodobne dominantny SbCl} a v oby¢ajnych vodach Sb(OH)g.

Vo vSeobecnosti ma antimon podobné toxické ucinky ako arzén, tiez troj-
mocny ion je toxickejsi ako Sestmocny. Jeho toxicita na rastliny je mierna,
koncentruje sa prevazne v starych listoch, spodnych stonkach a korenioch.
Aj napriek podobnosti s arzénom sa do ludského tela dostava pomalSie
a tym dochadza a k menS$ej akumulacii. Pripady akutnej otravy antimonom
st vzacne. Pri hygienickom posudzovani expozicie antimonom je doleZitou
skuto¢nostou, Ze sa najcastejSie jedna o kombinovanu expoziciu s arzénom,
olovom, kremikom a inymi prvkami. Odhadnuty prijem antimoénu pre ¢lo-
veka je 0,02mg.den™.

STN 75 7111 ,Pitnd voda neudava ziadne limitné hodnoty pre koncentracie
antimonu. WHO standard odporti¢a hodnotu 0,005mg.1™%. Tato hodnota vy-
chadza z najnizsej pozorovanej urovne skodlivého efektu (LOAEL), ktory
predstavuje 0,43mg.kg? telesnej hmotnosti na de.

Priemerna hodnota koncentracie antiménu v analyzovanych vzorkach pod-
zemnych vod atlasu je 0,8+ 25,1 ug.]™" a median 0,1 pg.l™. Z mapy distri-
bucie antimonu v kontexte s geologickymi poznatkami je zrejmé, Ze naj-
vysSie koncentracie (viac ako 1 mg.1™) su sustredené do oblasti s vyskytom
rudnych formacii a asociacii hlavne v Spissko-Gemerskom rudohori, Niz-
kych Tatrach a Malych Karpatoch. Distribucia zvySenych obsahov a oje-
dinelych vysokych anomalii je pravdepodobne antropogénneho povodu.
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ANTIMONY (Sb)
(atomic weight 121.75)

Antimony naturally occurs in trace concentrations. Its major concentra-
tions include stibnite deposits and ore formations and assemblages which
are natural sources of antimony in water. Antimony often forms sulpho-
salts (tetrahedrite, bournonite, boulangerite, jamesonite, stephanite and
others), but its most important mineral is stibnite which forms separate
epithermal deposits.

Ocean water contains 180—560Qug.I™* antimony and its concentration in
natural waters is usually less than 0.3 ug.I™.

Secondary antimony sources include dry and wet deposition stemming
from imissions released by burning wastes and solid fuels, ashes, man-made
fertilizers, sludge from purification plants and ore dressing. Radioactive
isotope 1%°Sb identified in water originated from nuclear tests.

Antimony in natural waters occurs as Sb®" and Sb°*, and forms complexes
which are stable mainly with OH, CO% and C,0%. Antimony complexes
in sea water are probably dominated by SbCl, and those in fresh water by
Sb(OH).

Antimony’s toxic effects are generally similar to those of arsenic, and likewise
its trivalent ion is more toxic than hexavalent. Its toxicity to plants is slight,
it concentrates mainly in old foliage, lower stems and roots. Despite its simi-
larity to arsenic, it enters human body more slowly and therefore its con-
centrations are lower. Acute poisoning by antimony is rare. Hygienic evalua-
tion of antimony exposition is complicated by the fact that it is usually
combined with the exposition to arsenic, lead, silicium and other elements.
Antimony intake by humans has been estimated at 0.02mg per day.

The Slovak technical standard 75 7111Drinking Water does not limit anti-
mony concentrations. A WHO standard recommends 0.005mg.I"%. This
value is based on the lowest noxious-effect level (LOAEL) which amounts
to 0.43mg.kg™ of body weight per day.

The average antimony concentration in the Atlas’ groundwaters is 0.8+
25.1 pgl* and median is 0.1 pgl™. The antimony distribution map
matched with geological background clearly shows that the highest con-
centrations (over 1 mg.I') occur in the vicinity of ore occurrences and
assemblages in the SpiSsko-gemerské rudohorie, Nizke Tatry and Malé
Karpaty Mts. Increased contents and rare high anomalies are presumably
man-made.



ARZEN (As)
(atobmova hmotnost 74,921)

Arzén sa v prirode vyskytuje vo valen¢nych stavoch +5, +3, +1, Oa -3. Pre
vodné prostredie su vSak vyznamné rozpustné formy arzeni¢nanov
H,AsO3>" (valenény stav +5).

Rozpustné formy arzénu mozu byt vyznamne sorbované oxidmi Zeleza. Ked'Ze
oxidy Zeleza su vel'mi stabilné a v hypergénnej zone Siroko zastipené, limituju
svojimi sorbénymi vlastnostami mobilitu arzénu. Podmienky umozZiujice
redukciu Fe® na Fe?" a As®" na As® vak zvysuju jeho mobilitu v prostredi.
Do Zivotného prostredia sa arzén moze dostavat najma pri spalovani uhlia
a spracovani rud. Napriek svojej silnej toxicite sa arzén pouZziva aj v modernej
priemyselnej vyrobe.

Existuje viacero prac, ktoré dokumentuju vysoké Kkoncentracie arzénu
v podzemnych vodach (az do 100mg.1") prirodného (geogénneho) povodu.
V pripade zvetravania banskej hluSiny obsahujucej arzenopyrit mozZe kon-
centracia arzénu v podzemnej vode dosiahnuf aZ 5 mg.I*. Zvyseny obsah
As v podzemnych vodach moZno vo vSeobecnosti predpokladat v niekto-
rych sedimentarnych horninach vulkanickych oblasti, v aredloch geoter-
malnych systémov a v oblastiach banskej tazby zlata a uranu (ide o kon-
centracie nad 50 ug.I™). Su zname pripady, ked sa arzén mobilizoval do
podzemnych vod v dosledku intenzivneho zavlaZzovania polnohospodar-
skych pad, pricom koncentracia As mozZe dosiahnuf az 1 mg.I™.

Norma STN 75 7111Pitnd voda limituje koncentraciu As v pitnej vode na
0,05mg.1"* (najvyssia medzna hodnota) v stlade s medzinarodnymi Stan-
dardmi WHO. Najviac¢sia medzna hodnota je odvodend od priamych to-
xickych ucinkov. Arzén je nervovy jed kumulativneho charakteru, pravde-
podobne aj karcinogén. Hlavnym zdrojom prijmu tohto prvku pre ¢loveka
je pitna voda, preto je jeho pritomnost v pitnej vode neziaduca.

Ako ukazuje mapa distribucie hodndt As v podzemnych vodach na izemi Slo-
venska, vysSie koncentracie arzénu sa vyskytuju iba ojedinele a vac§ina hodnot
bola pod detekénym limitom pouZitej analytickej metody (1 pgl™). Priemerna
hodnota koncentréacie As dosiahla 1,9+40,39ug.I*a median 0,5 pg.l™. Z hla-
diska pricin zvySenej koncentracie rozliSujeme dve skupiny vod: prva sa viaZe na
loziska sulfidov (Malé Karpaty, Nizke Tatry a Slovenské rudohorie). Druha sku-
pina vod je zjavne ovplyvnena kontaminaciou a ojedinele zvysené hodnoty (50—
250ug.1™) tohto druhu sa vyskytuju sporadicky na celom uzemi Slovenska.
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ARSENIC (As)
(atomic weight 74.921)

Arsenic occurs in nature in valences +5, +3, +1, Oand -3. Soluble
arsenates H AsO3™" (valence +5) are important for aqueous environ-
ments.

The soluble forms of arsenic may be appreciably sorbed by iron oxides.
These oxides are very stable and widely distributed in the hypergene zone
and therefore thanks their sorbtion properties they reduce arsenic mobili-
ty. However, the element becomes more mobile under reducing conditions
when Fe*' is reduced to Fe?* and As® to As®".

Arsenic is released into the environment predominantly through coal bur-
ning and ore processing. Despite its strong toxicity, arsenic is also used in
modern industries.

Numerous authors have noted high natural (geogenic) concentrations
of arsenic in groundwaters (up to 100 ug.1™"). Weathering of arsenopy-
rite-bearing mine dumps may increase arsenic concentrations in
groundwaters to as much as 5 mg.l’%. Increased As contents in ground-
waters commonlly occur in some sedimentary rocks of volcanic areas,
around geothernal systems and close to gold and uranium mines (above
50 ug.I'Y). In some cases, arsenic was released into groundwaters as
a result of intensive irrigation of farmland, its concentrations attaining
as much as 1 mg.I'.

Slovak standard No. 75 7111as well as a WHO standard limit maximum
As concentrations in potable water to 0.05mg.I. The highest permissible
content was derived from the element’s direct toxicity. Arsenic is a nerve
poison of cummulative character, probably carcinogen. It comes to the
human body mainly in water and therefore its presence in drinking water
is undesirable.

The map of As distribution in Slovakia’s groundwaters shows that higher
concentrations of this element occur only exceptionally, most analyses
being below the detection limit of the analytical method used (1 ug.I™).
The average As concentration was 1.9+ 40.39ug.1" and median 0.5ug.I™.
The higher contents have two sources: 1. sulphide deposits (Malé Kar-
paty, Nizke Tatry and Slovenské rudohorie Mts.) and 2. man-made
contamination sporadically distributed all over Slovakia’s territory some-
times attaining 50—250ug.1™.



BARIUM (Ba)
(atobmova hmotnost 137,34)

Barium je sucastou chemického zloZenia podzemnych vod vo vel'mi nizkych
koncentraciach. Je to dané nizkou rozpustnostou zdrojovych mineralov
a adsorbciou prvku na ilovych mineraloch.

Obsah baria v podzemnych vodach sa pohybuje v stotinach aZ desatinach
mg.I}, vyssie koncentracie sa vyskytujtl v niektorych banskych vodach. V niek-
torych geotermalnych vodach dosahuje obsah baria aj viac ako 10 mg.l™.
V morskej vode je obsah baria 0,05mg.1%, v solankach az do 400mg.1™.
Prevladajuci zdroj baria v podzemnych vodach je prirodny — mineralny
baryt a witherit. Antropogénne zdroje su vel'mi zriedkavé (napr. havariach
na vrtnych supravach, ktoré pouzivaju barytovy vyplach).

Hlavnou formou vyskytu baria v podzemnych vodach je Ba?*, to znamena,
Ze prebytok siranov a karbonatov limituje obsah tohto prvku vo vodach
prostrednictvom vzniku relativne nerozpustnych soli. Sorpcia je dominan-
tnym procesom pri jeho moznej akumulacii v prirodnych podmienkach, ale
zavisi od hodnot pH. Najvicsia je pri neutralnych hodnotach jeho desor-
pcia prudko narasta pri znizovani pH. Tato skuto¢nost ma velky environ-
mentalny vyznam pri acidifikacii prirodnych vdd a naslednej mobilizacii
baria. Iné procesy ako fotolyza, hydrolyza a biologicka transformacia ne-
maju podstatny vyznam pre obsah Ba v prirodnych vodach.

O toxickych ucinkoch bdria existuje pomerne malo informacii. UZ jeho malé
mnoZstva sa pokladaju za Skodlivé, ale deficit tohto prvku v strave mozZe sposo-
bovat spomalovanie rastu. Patri medzi latky stimulujuce svalova a srde¢nu €in-
nost. Medzinarodna agentuira pre vyskum rakoviny pre nedostatok dat studii
o zvieratach a Iudoch nepoklada barium za karcinogénny prvok.

Prevazna vicsina narodnych vodnych Standardov vratane STN 75 7111udava ako
limit vyskytu baria v pitnej vode koncentraciu 1,0mg.1. Tato hodnota je odvodena
od upraveného denného prijmu 1,8mg.1%. Standard WHO udava obsah 0,7 mg.1™.
Priemerna hodnota obsahu baria v podzemnych vodach vzorkového mate-
rialu atlasu je 0,070,078 mg.1*}, hodnota medianu je 0,05 mg.I"t. Kon-
centracie nizsie ako je detekény limit su v monoprvkovej mape vyjadrené
bodovou znackou a su charakteristické pre oblast kryStalinika Tribeca,
Tatier, Spissko-gemerského rudohoria a neovulkanitov Zapadnych Karpat.
Zaujimavé je, Ze az 99,6 % analyzovanych vzoriek ma obsah baria do
0,5 mg.I". Koncentracie vysSie ako priemerné sa viaZu na niZinné oblasti,
vnutrohorské depresie a flySové sedimenty Zapadnych Karpat.
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BARIUM (Ba)
(atomic weight 137.34)

Groundwaters contain very little barium mainly due to the low so-
lubility of barium-bearing minerals and its adsorbtion in clay mine-
rals.

Barium contents in groundwaters range from several hundredths to tenth
of mg.I"}, in some mine waters even more. Barium contents in some ther-
mal waters exceed 10 mg.I"t. Sea water contains 0.05mg.1?, brines as much
as 400mg.1"* Ba.

The main sources of barium are minerals barite and witherite. Extremely
rare man-made sources of barium include chiefly accidents at drillrigs
which use baryte drilling fluid.

Barium in groundwaters is dominated by Ba?", which means that sur-
plus sulphates and carbonates in water create fairly insoluble salts with
barium and thus reduce its content. Its accumulation under natural con-
ditions is dominated by sorption but depends also on pH. The greatest
sorption occurs in neutral pH conditions, whereas desorption increases
fast with falling pH. This fact is of great environmental importance as
the acidification of natural waters leads to barium mobilization. Other
processes, such as photolysis, hydrolysis and biological transformation
do not significantly affect barium contents in natural water. Because
of inadequate data and studies on animals and humans, the Interna-
tional Cancer Research Agency does not regard barium as a carcinoge-
nic element.

According to the majority of national standards including Slovak one, ba-
rium content in drinking water cannot exceed 1.0 mg.I". This value has
been derived from a daily barium intake of 1.8 mg.I*. WHO standard for
drinking water permits 0.7 mg.l"* Ba.

The average barium content in the Atlas’s groundwaters is 0.07+
0.078mg.I"* and median amounts to 0.05mg.l"Y. Characteristic of the
crystalline massifs Tribe¢ and Tatry, SpiSsko-gemerské rudohorie Mts.
and Neogene volcanic mountains, barium concentrations below the
detection limit are marked by point symbols on the monoelement map.
Interestingly, 99.6 %of analysed samples contain less than 0.5 mg.I*
Ba. Above-average Ba concentrations are associated largely with low-
lands, intramontane depressions and flysch sediments of the West
Carpathians.



HLINIK (Al)
(atobmova hmotnost 26,981)

Hoci je hlinik treti najhojnejsi chemicky prvok v zemskej kore, v prirodnych
vodach sa iba zriedkavo vyskytuje v koncentraciach vacsich ako niekol'ko
desatin alebo stotin mg.I. Vynimkou st zviésa iba vody s mimoriadne niz-
kym pH. Vel'mi nizka koncentracia hlinika v prirodnych vodach (s pH okolo
neutralnej hodnoty) je vysledkom osobitosti chemizmu tohto prvku.

Hlinik sa vyskytuje ako podstatny prvok v mnohych horninotvornych minera-
loch (zivice, sludy, amfiboly, a pod.). V procese zvetravania sa stava sucastou
mnohych sekundarnych mineralov, ¢astokrat obohatenych o hlinik. Takmer
Cisty oxid hlinity vo forme hydroxidu je najrozSirenej$im mineralom zvetralin.
V prostredi roztokov s nizkymi hodnotami pH sa hlinik mo6zZe vyzrazavat ako
hydroxysulfat hlinity. NajbeznejSimi mineralmi sedimentarnych hornin su na
hlinik bohaté ilové mineraly (kaolinit, montmoillonity a pod.).

Kation Al**, v skutoénosti [AI(H,0)s]** tplne prevazuje v pripade vod
s pH mensim nez 4,0.So zvySovanim pH sa za¢ina polymerizacia kationu.
Nad pH 7,0 uz prevlada rozpustna forma hlinika [AI(OH),]". Proces poly-
merizacie je vyznamne ovplyvneny pritomnostou SiO,. Ak je dostatok
Si0,, hlinik sa pomerne rychlo vyzraza vo forme ilovych mineralov. V pri-
tomnosti fluoridov sa tvoria stabilné komplexné zluceniny, v prirodnych
vodach najéastejsie [AIF]?" a [AIF,]*; ak ide o vody s obsahom niekol'ko
desatin mg.I* aZ niekol'ko mg.l? fluoridov. Zname su aj fosfore€nanové
komplexy hlinika v prirodnych vodach a siranovy komplex AISO}, dominu-
juci v kyslych vodach obsahujucich sulfaty. Pre prirodné vody je vyznamna
komplexotvornost hlinika s organickymi latkami (zname je najméa ,hnedé”
sfarbenie vod, v ktorych su pritomné huminové latky).

Pri hodnoteni obsahu hlinika v prirodnych vodach musime brat do uvahy,
Ze vacsina publikovanych vysledkov je aj odrazom heterogenity sposobene;j
metodikou odberu a analyzy vzoriek, a nielen odrazom skuto¢nej hetero-
genity hodnot koncentracie v dosledku prirodzenych rozdielov v minerali-
zacnych podmienkach prirodnych vod.

V pripade podzemnych véd z tizemia Slovenska sme sa zaoberali filtrova-
nymi, aj nefiltrovanymi vzorkami vod. Filtracia sa robila cez membranové
filtre s porozitou 0,45um. Ked'Ze ide o prvok, ktorého hydrochemicka in-
terpretacia mala dosial skor empiricky ako exaktny charakter, uvadzame
a komentujeme v atlase oba subory nameranych hodnot.

STN 75 7111Pitnd voda limituje obsah Al v pitnej vode medznou hodno-
tou 0,2 mg.I%, pri¢om by sa tato hodnota mala dodrZat so zabezpecenim
na urovni 95%. V Standarde WHO pre pitnu vodu nepatri hlinik medzi
prvky so stanovenou limitnou hodnotou.

Priemerna hodnota koncentracie Al v podzemnych vodach z filtrovanych vzo-
riek dosiahla 0,03t 0,612mg.1* pri mediane 0, 005mg.1™. Z grafickych priloh
vidiet, Ze hodnota medianu je vlastne na urovni detekéného limitu pouZzitej me-
tody. Pri filtrovanych vzorkach bola sice namerana najvyssia koncentracia Al
na urovni 72,6mg.I*, islo vak o ojedinelu hodnotu. Realne maxima sa pohy-
buju na urovni 0,125—0,5mg.I"}. Aviak 60 % filtrovanych vzoriek vykazovalo
koncentracie 0,008mg.I" a niZSie, ¢iZe prakticky pod detekénym limitom.

V nefiltrovanych vzorkach dosiahla priemerna hodnota koncentracie Al vo vodach
0,16 mg.I* pri medidne 0,03 mg.I*. Prekvapujiice viak bolo realne namerané
maximum (58,2mg.1") niZSie ako v pripade filtrovanych vzoriek. V tomto pripade
vsak iba okolo 18 %analyzovanych vzoriek bolo pod uroviiou detekéného limitu
metody. Pre dalSich uzivatelov ziskanych vysledkov je vyznamny fakt, Ze napriek
nepresnostiam pouZzitej metddy a prirodzenej heterogenite skimanych vod sa v za-
sade definovala zakladna koncentra¢na uroven hlinika v podzemnych vodach nasho
uzemia. Z porovnania grafickych priloh pre filtrované a nefiltrované vzorky totiz
jasne vyplyva, Ze v hypergénnych podmienkach prisltichajucich ndSmu uzemiu do-
sahuje koncentracia hlinika v podzemnych vodach prvého zvodneného horizontu
hodnotu 0,01—0,06ng.I"%, pokial su vzorky homogenizované aspon zakladnou fi-
traciou cez membranové filtre velkosti 45um. Ovela vySSie hodnoty (0,2az 0,5mg.l™)
su charakteristické najma pre podzemné vody viazané na neovulkanity a horniny
krystalinika. Koncentracie Al na trovni 0,10—0,5mg.I" st tieZ typické pre podzemné
vody oblasti alkalickych zasolenych pod v Podunajskej niZine a pre oblast viatych
pieskov na Zahorskej niZine, pripadne nekarbonatovych pieskovcov paleogénu. Ta-
kyto obraz, hoci pochopitel'ne vo vysSich koncentraénych hladinach, poskytuje aj
distribuicia hodnét ziskana z vysledkov analyzy nefiltrovanych vzoriek vod.
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ALUMINIUM (Al)
(atomic weight 26.981)

Although aluminium is the third most abundant chemical element in the
earth’s crust, its concentrations in natural waters rarely exceed several
hundredths or tenths of mg.I"* except in waters with extremely low pH. The
very low aluminium concentration in natural waters with neutral pH results
from the special chemistry of this element.

Aluminium is an essential element in a multitude of rock-forming minerals,
such as feldspars, micas, amphiboles, etc. During weathering, it becomes
incorporated in numerous secondary minerals, many of which are enriched
in aluminium. Almost pure alumina in hydroxide form is commonly found
in the zone of weathering. In a low-pH environment, aluminium can preci-
pitate as aluminium hydrosulphate. The most abundant minerals in sedi-
mentary rocks include aluminium-rich clay minerals (kaolinite, montmo-
rillonite, etc.).

AI®* cation, actually [AI(H,0)4]%", totally prevails in waters with pH
below 4. Increasing pH, however, leads to the cation’s polymerization.
Soluble form of aluminium [AI(OH),] prevails at pH above 7. The poly-
merization process is considerably influenced by the presence of silica.
If enough silica is available, aluminium readily precipitates as clay
minerals. The presence of fluorides gives rise to stable complex com-
pounds, in natural waters containing several tenths mg.l™ to several
mg.1" fluorides mostly [AIF]?** and [AIF,]*. Natural waters also con-
tain phosphate complexes of aluminium as well as sulphate complex
AISO; dominating acid waters with sulphates. Aluminium’s ability to
create complexes with organic matter is important for natural waters.
This applies mainly to a brown coloration of water at the presence of
huminous matter.

While assessing aluminium contents in natural waters, one must bear in
mind that most published results reflect heterogeneity due to sampling and
analysing techniques, and not only heterogeneity resulting from natural
conditions in mineralization conditions of natural waters.

As regards Slovakia’s groundwaters, we analysed both filtered and unfil-
tered water samples. We used membrane filters of 0.45um porosity. As
aluminium was previously interpreted empirically rather than exactly,
both populations of measured values are given and commented in the
Atlas.

Slovak standard No. 75 7111determined the maximum permissible Al
content in drinking water of 0.2 mg.l"* which should be ensured at 95%
probability. WHO potable-water standards are silent on aluminium limits.
Filtered groundwater samples in the Atlas averaged 0.03+0.612mg.I" Al
and median was 0.005mg.I"%. The maps suggest that the median equals the
detection limit of the analytical method used. The highest content in filte-
red samples was 72.6 mg.I? Al, but it was an exceptionally high value.
Most highs in filtered samples reached 0.125—0.5mg.I™ Al. In contrast,
60 %of filtered samples did not contain more that 0.008mg.1" Al i.e. were
virtually below the detection limit.

Average Al concentration in unfiltered waters was 0.16 mg.I'* and median
0.03 mg.I"t. Surprisingly, the maximum content (58.2 mg.I) was lower
than that in filtered samples. In this case, however, only about 18 % of ana-
lyses were below the detection limit. The users of the above data will app-
reciate the fact that, despite the inaccuracy of the applied method and natu-
ral heterogeneity of sampled waters, we essentially defined basic aluminium
background in Slovakia’s groundwaters. A comparison of maps based
respectively on filtered and unfiltered samples clearly indicates that under
hypergene conditions groundwaters of the first aquifer contain between
0.01and 0.06mg.I* Al, provided that the samples were homogeneized at
least by basic filtration through 454um membrane filters. Much higher con-
centrations (0.2—0.5mg.1™") are characteristic mainly of groundwaters
bound to Neogene volcanics and crystalline massifs. Al concentrations
0.1—0.5mg.1" are also typical of groundwaters underlying alkaline saline soils
in the Danube Basin, aeolian sands in the Zahorie Basin and Paleogene
noncarbonate sandstones. The distribution of aluminium contents based
on unfiltered samples suggests the same pattern but understandably at hig-
her concentrations.



CHROM (Cr)
(atobmova hmotnost 51,996)

V podzemnych vodach sa chrom obvykle vyskytuje nanajvys v desiatkach
ug.™t. Priemerna koncentracia tohto prvku v morskej vode je v priemere asi
0,05ug.I't. Odpadové vody z koZiarskeho a textilného priemyslu ho mozu
obsahovat nanajvys v desiatkach mg.1™. Prirodnym zdrojom chromu v pod-
zemnych vodach su najma mineraly chromit a krokoit, sekundarnym zdro-
jom priemyselné odpadové vody.

Chrom moze byt vo vodach pritomny v oxidacnom stupni III alebo VI.
Hlavné formy vyskytu trojmocného chromu su Cr** a hydroxokomplexy
ako CrOH?*, [Cr(OH),]* a Cr(OH);. Rozpustnost Cr®" je veI'mi mala a je
dana rozpustnostou hydratovaného oxidu. Anionové formy Cr®* st zavislé
od pH a ide najmi o CrO%, HCrO, a Cr,07, pricom vicsina zlucenin je
vo vode dobre rozpustna s vynimkou chromanu olovnatého, strieborného
a barnatého. Oxidacia Cr®" na Cr®" kyslikom rozpustenym v prirodnych
vodach prebieha vel'mi pomaly, ale v pritomnosti MnO, sa moZe urychlit,
avSak rychlost reakcie zavisi od obsahu rozpusteného kyslika. Tento proces
prebieha najma v slabo kyslom az alkalickom prostredi. Naopak redukcia
Cr® na Cr® je v prirodnych vodach moZna najma v pritomnosti Fe?*, siri-
Citanov alebo sulfanu v kyslom prostredi.

Miera toxicity chromu zavisi od jeho oxidaéného stupiia, Cr®* je toxickejsi
ako Cr®. Cr® je vSeobecne len mierne toxicky pre vodné rastliny, ale su
zname pripady akutnej otravy ryb. Akutna ani chronicka otrava ¢loveka
nebola dokumentovana. Vo vode rozpustné komponenty Cr®* maji muta-
génne a karcinogénne ucinky. V koncentraciach 1,0 mg.lt a 3,0 mg.I*?
ovplyviiuje chrom chut a farbu vody. Standardy WHO a STN 75 7111uda-
vaji smernt hodnotu pre obsah chromu 0,05mg.1™.

Priemerny obsah chromu vo vzorkovom materiali atlasu je 1, 25+ 7,2 ug.1*
a median 0,25ug.I" (reprezentuje poloviéni hodnotu detekéného limitu,
lebo pocet vzoriek s koncentraciami Cr pod detekény limit presahoval
50%). Zvysené obsahy chromu su viazané na vyskyt zrudnenia najma
v stredoslovenskych neovulkanitoch, v Malych Karpatoch a v ¢asti Spissko-
-gemerského rudohoria. Antropogénne zvySené obsahy chromu sa viazu
najma na dva zdroje. Prvym su odpadové vody vypustané do povrchovych
recipientov s impaktom na podzemné vody v aluvialnych sedimentoch pre-
dovSetkym strednej a dolnej Casti Vahu a povodia Ondavy. Druhy predsta-
vuju emisie z hutnickeho priemyslu najma na Orave.
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CHROMIUM (Cr)
(atomic weight 51.996)

Groundwaters largely contain several pg.I* to tens of pg.I* Cr. Chro-
mium concentrations in sea water average 0.05ug.1™. Waste waters from
textile and leather industries may contain several mg.I* or several tens of
mg.1"? Cr.

Minerals chromite and crocoite are main natural sources of chromium
in groundwaters, whereas industrial waste waters are a major secondary
source.

Chromium in waters occurs in valences III or VI. Trivalent chromium in
waters mostly forms Cr®" and hydrocomplexes, such as CrOH?",
[Cr(OH),]" and Cr(OH)3". Cr®" solubility is very low and is controlled by
the solubility of hydrated oxide. Anion forms Cr®*, notably CrO%, HCrO;
and Cr,0%, depend on pH and most of their compounds are readily solub-
le in water, except for lead, silver and barium chromates. Oxidation of Cr®*
to Cr® by oxygen dissolved in natural waters is extremely slow but may be
accelerated by MnO,. The reaction speed is controlled by the amount of
dissolved oxygen and takes place mainly in a weakly acid to alkaline envi-
ronment. In contrast, reduction from Cr®* to Cr®" is facilitated chiefly by
Fe?*, sulphites or sulphanes in an acid environment.

Chromium toxicity depends on its valence as Cr®" is more toxic than Cr**.
Cr® is generally only slightly toxic to water plants, but in some cases it was
acutely toxic to fish. No case acute or chronic poisoning of humans by Cr®*
is known. Cr®* components soluble in water are mutagens and carcinogens.
Moreover, chromium concentrations 1 —3mg.I™ affect the colour and taste
of water. WHO and Slovak standard No. 75 7111recommend chromium
contents of 0.05mg.1™.

Average chromium content in the Atlas’s samples was 1.25+ 7.2 ug.1™* and
median 0.25ug.l" (median was determined as one half of the detection
limit because more than 50 % of samples yielded contents below the detec-
tion limit). Increased chromium contents have been noted mainly in the
Central Slovakian neovolcanic mountains, Malé Karpaty and partly in the
Spissko-gemerské rudohorie. There are two man-made sources of chromium.
The first one is waste waters disposed of into surface streams which in turn
affect groundwaters in alluvial sediments mainly along the middle and lo-
wer River Vah and in the Ondava Basin. The other source is smelters’ emis-
sions notably in the Orava area.



KADMIUM (Cd)
(atobmova hmotnost 112,4)

V podzemnych vodach sa kadmium nachadza radovo asi v jednotkach az
desiatkach pg.1*?, jeho obsah v morskej vode sa pohybuje okolo 0,14pg.1™.
V zavislosti od podmienok sa v podzemnych vodach moze vyskytnut obsah
Cd a7 180mg.1™.

Prirodnym zdrojom kadmia v podzemnych vodach su najmi zrudnené
polohy so zinkom, ktory kadmium sprevadza. Sekundarnym zdrojom su
v hlavnej miere emisie z hutnickeho priemyslu, spalovania fosilnych paliv
a odpadov obsahujucich plasty a niektoré druhy odpadovych vod.
Kadmium je vo vodnom prostredi relativne mobilny prvok. Vyskytuje sa ako
jednoduchy ién Cd?*, v komplexnej forme [Cd(OH),(aq)]°, [Cd(OH),]",
[Cd(OH),]*] a [CdCO4(aq)]°, ale aj v roznych inych anorganickych a orga-
nickych komplexoch. V prirodnych vodach je afinita ligandov ku tvorbe Cd
komplexov v poradi: huminové kyseliny, CO%, OH’, CI, SO%. Koncentracia
kadmia vo vodach zavisi od adsorbCnej rovnovahy s pritomnymi nerozpus-
tnymi latkami a sedimentmi, ale aj od mozZnosti koprecipitacie s hydroxidmi
Zeleza, oxidu hlinika a manganu a karbonatovym materialom.

Kadmium, a najmé jeho volna forma Cd?*, je prvok vysoko toxicky pre
mnoho vodnych rastlin a Zivo€ichov. Akutna toxicita pre ryby je variabilna,
pri¢om vel'ka ulohu zohrava tvrdost vody. Pre lososovité ryby sa napriklad
udava zavislost vyjadrena rovnicou: log,, (LCso) =0,833 4[log,, (tvrdost)].
U Cloveka spdsobuje kadmium anémiu, pigmentaciu zubov a dekalcifikaciu
kosti. Patri medzi veI'mi nebezpecné jedy a poklada sa za karcinogén. Pri-
marne sa akumuluje v oblickach a ma pomerne dlhy biologicky polCas roz-
padu v tele (az 10— 35rokov).

Standard WHO pre pitnt vodu a najvyssia medzna hodnota vyskytu kad-
mia podla STN 75 7111je 0,005mg.I™.

Priemerny obsah kadmia v podzemnych vodach vzorkového materialu atlasu
je 1,38£44,26 mg.I* a median 0,25 mg.I* (reprezentuje konvenéne do-
hodnutu poloviénu hodnotu detekéného limitu).

Kadmium je prvok len zriedka zastipeny v podzemnych vodach (okolo 95%
analyzovanych vzoriek ho neobsahuje). Lokalne anomalie sa viazu na vyskyty
zrudnenia najmi v oblasti neovulkanitov a SpiSsko-gemerského rudohoria.
Dalsie anomalie sa vyskytuju v mestskych aglomeraciach s vysokou koncentra-
ciou priemyslu a podzemnych vodach aluvialnych sedimentov, najma Vahu.
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CADMIUM (Cd)
(atomic weight 112.4)

Cadmium contents in groundwaters are several ug.I* to tens of ug.I’, but
under certain conditions may be as high as 180 mg.I"*. Sea water contains
about 0.14pg.1* Cd.

The main natural source of cadmium are zinc deposits which contain
also some cadmium. Minor amounts result from smelting industry,
burning of fossil fuels, plastics wastes and some kinds of waste
waters.

Cadmium is fairly mobile in an aqueous environment. It occurs as a simple
ion Cd?*, in complexes [Cd(OH),(aq)]°, [Cd(OH),]°, [Cd(OH),]*]
and [CdCO4(aq)]°, as well as in various other inorganic and organic comple-
xes. Ligands in natural waters tend to create Cd complexes in the following
order: humine acids, CO3, OH’, CI' and SOZ%. Cadium concentration in
water depends also on adsorbtion balance with insolubles and sediments
and on possible coprecipitation with iron hydroxides, alumina, manganese
oxide and carbonates.

Cadmium and especially its free form Cd?* is highly toxic to many water
plants and animals. Controlled by water hardness, the element’s acute to-
xicity to fish is variable, e.g. for trouts it can be expressed by the formula
log,, (LCs0) =0.8334[log,, (hardness)].

Cadmium is also harmful to humans as it causes anemia, tooth pigmen-
tation and bone decalcification. This highly poisonous element is regar-
ded as carcinogen as well. Cadmium accumulates primarily in kidneys.
In human bodies it has a fairly long biological halflife — as much as 10
to 35 years.

WHO as well as Slovak standard No. 75 7111permit the maximum con-
tents of cadmium in drinking water of 0.005 mg.l’t. Cadmium con-
centrations in the Atlas’s samples averaged 1.38+ 44.26ug.I" and me-
dian is 0.25pg.1"* (it was determined as one half of the detection limit).
Cadmium is rarely present in groundwaters, rougly 95 % of analysed
samples contained no cadium. Local anomalies are bound to mineral
occurrences predominantly in Neogene volcanic mountains and
Spissko-gemerské rudohorie. Further anomalies occur around indus-
trial towns and in groundwaters of alluvial sediments, mainly along the
River Vah.



MED (Cu)
(atomova hmotnost 63,55)

Med sa v podzemnych vodach nachadza radovo v jednotkach az desiatkach
ugl™. V niektorych typoch prirodnych vod moze dosahovat koncentraciu do
3mg.l?, v kyslych banskych vodach dokonca hodnotu stoviek mg.I. V niektorych
pripadoch sa z tychto vod ziskava kovova med. Morska voda obsahuje 0,001az
0,09mg.I" medi. Primarnym zdrojom medi v podzemnych vodach je v najvicse;
miere oxida¢na degradacia sulfidickych rad, v mensej miere hydroxidov a uhlicita-
nov medi. Antropogénnym zdrojom su priemyselné odpadové vody, algicidne pre-
paraty pridavané do vody proti nadmernému rozvoju rias a sinic a vo vinohradnic-
kych oblastiach preparaty medi, ktoré sa oddavna pouZzivaju ako fungicidy.

V prirodnych vodach sa med nachadza v rozpustnej forme aj absorbo-
vana na pevnej faze (12 % —97 %z celkového obsahu). NajrozsirenejSou
rozpustnou formou je hydratovany ion Cu?*, uhli¢itanové komplexy
[CuCO4(aq)]®a [Cu(OH),]*. Vyznamnymi komplexotvornymi latkami su
polyfosfore¢nany, ktoré mozu viazat med do stabilnych chelatovych Struk-
tur. Podobné vlastnosti maju aj huminové kyseliny, kde azZ 90%z celkového
obsahu medi mdze byt viazané do stabilnych komplexov.

Jednoduchy ion Cu?* a hydroxokomplexy su toxické pre ryby a riasy. Stu-
pen toxicity zavisi najma od tvrdosti vody a zvySuje sa synergicky v kombi-
naciach Cu/Al/Zn, Cu/Cd/Zn, Cu/Zn, Cu/Zn/Ni, Cu/Zn/fenol, Cu/fenol
a Cu/H". Med je pre ¢loveka vyznamnym (esencialnym) prvkom. Akutne
otravy medou a jej solami su dokumentované len vo veI'mi malo pripadoch.
Tento prvok sa nekumuluje v fludskom tele v takom mnozZstve ako napr. Hg,
alebo Pb. Chronické onemocnenia su takisto zriedkavé.

Standard WHO udava ako smernu hodnotu medi v pitnej vode 1 mg.l?,
podla STN 75 7111je medzna hodnota pre obsah medi 0,1 mg.1"%. V kon-
centraciach od 1-5mg.I'* dodava med vode neprijemnu zvieravu chut.
Priemerny obsah medi v podzemnych vodach vzorkovaného materialu atlasu
je 1,89+5,43 gl s medianom 0,9 pg.l?. Distribicia medi je pomerne
rovnomerna. Lokalne anomalie su sustredené najma do oblasti s vyskytom
zrudnenia (typicka lokalita Smolnik v SpiSsko-gemerskom rudohori). Pre-
vazna vacSina anomalii je vSak zapri¢inena antropogénnymi zdrojmi medi,
z ktorych vyznamné su tradi¢né oblasti s vinohradnickymi aktivitami ako
napr. Malé Karpaty, okolie Nitry a tokajska oblast. V poslednych dvadsia-
tich rokoch sa vSak vinohradnictvo rozsirilo aj do niZinnych oblasti, takze
aj tu vznikli vyznamné zdroje prenikania medi do podzemnych vod.
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COPPER (Cu)
(atomic weight 63.55)

Groundwaters contain several ug.I* to tens of ug.I* Cu, but some kinds of
natural waters may contain as much as 3 mg.l* Cu. The concentrations in
some acid mine waters can be as high as several hundreds of mg.I"t. Copper
metal is sometimes obtained from such waters. Sea water contains 0.001 —
0.09mg.I* Cu.

Copper comes to groundwaters chiefly from the oxidation degradation
of sulphide ores, to a lesser extent from copper hydroxides and carbo-
nates. Man-made sources of this element comprise industrial waste
waters and algicides — agents to limit the growth of algae especially in
vine-growing areas where copper compounds have long been used as
fungicides.

Copper in natural waters occurs in the soluble form as well as absor-
bed on solids (12—97 %of total Cu). The most widespread forms in-
clude hydrated ion Cu®*, carbonate complexes [CuCO,(aq)]® and
[Cu(OH),]*. Significant complex-forming agents — polyphosphorites
may bound copper into stable chelate structures. Humine acids, which
can bound as much as 90 % of copper into stable complexes, have simi-
lar properties.

Simple ion Cu®" and hydrocomplexes are toxic to fish and algae. Its
toxicity depends mainly on water hardness and increases synergically in
combinations Cu/Al/Zn, Cu/Cd/Zn, Cu/Zn, Cu/Zn/Ni, Cu/Zn/phe-
nol, Cu/phenol and Cu/H*. Copper is essential to humans. Acute
poisoning by copper and its salts is extremely rare as it does not accu-
mulate in the human body so readily as Hg or Pb. Chronic diseases are
rare, too. 1—5mg.I"t Cu in water causes an unpleasant clutching taste.
WHO permits 1 mg.I" Cu in drinking water while Slovak standard No.
75 7111only 0.1 mg.I'™.

Average copper content in the Atlas’s groundwaters is 1.89+5.43 pg.1*
and median 0.9 ug.I'Y. Copper is fairly evenly distributed throughout the
Slovak territory. Local anomalies are found mostly near mineral occurren-
ces (exemplified by Smolnik in the SpiSsko-gemerské rudohorie). Vast
majority of anomalies, however, is caused by man-made sources, mainly in
traditional vine-growing areas, such as the Malé Karpaty, Nitra and Tokaj
areas. Over the past 20years, vine-growing spread also into lowlands where
it may become a major source of copper.



OLOVO (Pb)
(atomova hmotnost 207,2)

Koncentracia olova v podzemnych vodach sa pohybuje radovo iba v jednotkach
a7 desiatkach pg.l™. Vyssi obsah sa zistil v oblastiach, kde voda prichadza do
kontaktu s olovenymi rudami (tu moZze olovo dosahovat koncentraciu vyssiu ako
5 mg.I™). V morskej vode je hodnota obsahu olova 0,004—0,009ng.I™.
Prirodnym zdrojom olova v podzemnych vodach su nerasty anglezit a ceru-
zit. NajrozsirenejSou olovenou rudou je galenit, ten vSak len v malej miere
podlieha chemickej a biochemickej oxidacii (pokial sa nevyskytuje v pri-
tomnosti inych sulfidickych rud, ktorych oxidaciou vznika kyselina sirova).
Vyznamnym sekundarnym zdrojom olova su vyfukové plyny motorovych
vozidiel a priemyselné emisie.

V prirodnych vodach prevazuje z rozpustenych foriem Pb?* a [PbCO(aq)]°,
ktoré mézu byt v SirSom rozmedzi hodn6t pH dominantnou formou vysky-
tu. V alkalickom prostredi sa mozu tvorit aj komplexy [Pb(CO,),]?,
[Pb(OH),(aq)]° a [PbOH]*. Olovo sa viaZe aj na huminové kyseliny a fulvo-
kyseliny a tvori stredne silné chelaty. V prirodnom prostredi podlieha olovo
prostrednictvom posobenia baktérii alkylacii a vytvara niekol'ko organickych
derivatov (CH;),Pb".

Olovo patri medzi toxické latky. Akutne otravy byvaju velmi zriedkavé,
vyskytuju sa vSak otravy chronické, pretoZe olovo sa akumuluje v kostiach,
peceni a obliCkach. Deti su v istej miere senzitivne aj na nizky obsah olova
vo vyfukovych plynoch a na kontaminovanu pitnu vodu. Chronické otravy
olovom sposobené pouZivanim zavadnej pitnej vody boli opisané v tridsia-
tych rokoch, v suicasnosti sa uZ nepouzivaju olovené rozvodné potrubia.
WHO odporuga pre pitnti vodu smernt hodnotu olova 0,05mg.I%, ¢o je aj
najvySsia medzna hodnota STN 75 7111.Sacasné Studie vSak doporucuju
redukovat medznu hodnotu pre pitnt vodu na 0,02mg.1" a pre kojencov na
0,01 mg.l™

Priemerny obsah olova v podzemnych vodach vzorkového materialu atlasu
je 1,1+ 3,16 ug.I* a median z celého suboru je pod hodnotou detekéného
limitu (vyse 50 % obsahov nedosahuje detek¢ny limit). Lokalne anomalie
koncentracii olova v podzemnych vodach su zapriCinené predovsetkym
sekundarnymi bodovymi zdrojmi a polymetalickymi sulfidickymi rudnymi
asociaciami a formaciami, ktoré obsahuju olovo najméa vo forme galenitu.
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LEAD (Pb)
(atomic weight 207.2)

Lead concentration in groundwaters amounts to only several ug.l™* to tens
of ng.l™. Higher concentrations occur in areas where water contacts lead
ores. In such places, lead concentrations may exceed 5 mg.I?. Sea water
contains 0.004—0.005ng.1™%.

Natural sources of lead in natural water include anglesite and cerrusite.
Major lead mineral, galena is resistant to chemical and biochemical oxida-
tion, unless accompanied by other sulphidic ores the oxidation of which
produces sulphide acid. Car exhaust fumes and industrial emissions are
major secondary sources of this element.

Soluble forms in natural waters are dominated by Pb%* and
[PbCO4(aq)]® which prevail in a wide range of pH values. Complexes
[Pb(CO,),]*, [Pb(OH),(aq)]® and [PbOH]|" may form in an alkaline
environment. Lead is also bound to humine and fulvo acids and creates
mederately strong chelates. Under natural conditions, lead undergoes
alkylation through bacterial activity and forms several organic derivati-
ves (CH;);Pb".

Lead is a toxic element. Acute poisoning is extremely rare, but chronic one
occurs more frequently as lead accumulates in bones, liver and kidneys.
Children are partly sensitive to even low lead contents in exhaust fumes
and contaminated drinking water. Chronic lead poisoning caused by con-
taminated potable water was described in the 1933, nowadays lead water
pipes are no longer used.

Slovak standard No. 75 7111permits the highest lead content in drin-
king water 0.05 mg.It and WHO recommends the same content.
Recent studies, however, claim that lead concentrations in potable
water should not exceed 0.02 mg.I'* and even 0.01 mg.l" if drunk by
babies.

Lead contents in the Atlas’s groundwaters averaged 1.1+3.16 pg.l™.
Median of the entire sample population was below the value of the detec-
tion limit (over 50% of samples yielded contents below the detection
limit). Local lead anomalies in groundwaters are mostly caused by se-
condary point sources and base-metal sulphide galena-dominated
occurrences.



ORTUT (Hg)
(atobmova hmotnost 200,59)

Ortut je za hypergénnych podmienok v elementarnom stave kvapalina
a vyznacCuje sa prchavostou, ¢o sa berie do uvahy pri odbere a analyze vzo-
riek vod. V prirodnych vodach sa nachadza v mnozstve iba niekol'ko desa-
tin pug.I’}, zriedka v jednotkach pg.l™.

Ortut ako kov sa vyskytuje vo valenénom stave +1 a +2. VacSina anorganic-
kych zlucenin ortuti ma nizku rozpustnost. Koeficient rozpustnosti Hg,Cl,
je 101° HgS okolo 10°°. Vo vicsine prirodnych podmienok v hypergén-
nom prostredi sa ortut vyskytuje iba v nepatrnych koncentraciach, ale na-
priklad metanové baktérie mozu transformovat kovova ortuf na organické
formy ako st metylortut HgCH3. Monometylovy ortutnaty ion je dobre roz-
pustny vo vode. Baktérie mozu produkovat aj dimetylortut Hg(CHS),, ktora
ma niz§iu prchavost. Ostatné organické formy ortuti, ako napriklad etyl-
ortutnaty chlorid (C,H;HgCl) pochadzaju z priemyselnej vyroby a najcas-
tejSie sa pouzivaju ako fungicidy. Pomerne vel'ké mnozstvo Hg sa do Zi-
votného prostredia dostalo pri priemyselnej vyrobe v elektrolyze, kde sa
pouziva ako katalyzator. Do ovzdusSia sa dostava aj pri spalovani uhlia.
Vyskyt ortuti v hlavnych zlozkach Zivotného prostredia je s ohladom na jej
vysoku toxicitu vel'mi prisne limitovany. Je dokumentovana aj schopnost
Hg akumulovat sa v potravinovom retazci, napr. v tkanive ryb. Pripady
extenzivnej otravy Iudi ortutou sa vyskytli napriklad v Japonsku ako dosle-
dok lokalnej priemyselnej vyroby.

Slovenska norma pre pitni vodu STN 75 7111limituje ortut hodnotou kon-
centracie 0,001mg.I™* (najvi¢sia medzna hodnota), teda rovnako ako odpo-
rucanie WHO. Najvyssia medzna hodnota je odvodena na zaklade priamych
aj oneskorenych toxickych ucinkov. Ide o nervovy a oblickovy jed kumula-
tivneho charakteru s gonddotropnymi ucinkami. Rozsah prijmu pitnou
vodou je limitovany na 9—16 %.Vyrazne toxickejSie su organické formy Hg
(napr. alkylortut), preto je pritomnost ortuti v pitnej vode neziaduca.
Koncentracie ortuti v podzemnych vodach na uzemi Slovenska su vel'mi
nizke, pretoze dané hypergénne podmienky nie su vhodnym prostredim na
mobilizaciu Hg do vodnych roztokov, ale najma preto, Ze koncentracia Hg
v najrozsirenejSich horninovych typoch je vel'mi nizka. VySe 92 % vzoriek
vykazovalo koncentraciu 0,18 ug.I™* alebo niZsiu, ¢iZe na alebo pod hra-
nicou detekéného limitu. Iba priblizne 3,5 %vzoriek malo koncentraciu Hg
v rozmedzi 0,25—1ug.I". Koncentracie nad 5 ug.I* su zriedkavé, pricom
sa sporadicky zistili po celom uzemi.
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MERCURY (Hg)
(atomic weight 200.59)

The collection and analysis of water samples cannot ignore the fact that,
under hypergene conditions, elementary mercury is a volatile liquid. Natu-
ral waters contain a mere tenths of pg.1?, rarely several pg.I™.

Mercury is a metal occurring in valences +1 and +2. Most inorganic
mercury compounds are poorly soluble. Solubility product of Hg,Cl, is
101"°and that of HgS is about 107°°. Mercury concentrations are negli-
gible in hypergene environments under most natural conditions. Ho-
wever, methane bacteria can transform metallic mercury into organic
forms, such as methyl-mercury HgCH3. Monomethyl mercury ion is
readily soluble in water. Bacteria are also capable of producing dime-
thyl mercury Hg(CHj), which is little volatile. Other organic mercury
forms, like ethylmercuric chloride C,H;HgCl, are industrially produced
and are used largely as fungicides. Considerable amounts of Hg have
been released into the environment by industrial electrolysis where mer-
cury is used as a catalyst. Coal burning also releases mercury into the
atmosphere.

Given its high toxicity mercury concentrations are strictly limited in major
spheres of the environment. Hg accumulates in food chains, e.g. in fish
which caused extensive poisoning in Japan as a result of local industrial
pollution.

WHO’s as well as Slovak standards for drinking water permit the
maximum mercury concentration of 0.001 mg.l"t. The highest per-
missible concentration has been derived from mercury’s direct and
postponed toxicity. It is a nerve and kidney poison of cummulative
character and gonadothropic effects. Water accounts for 9—16 %of
mercury intake. Hg organic forms like alkylomercury are even much
more toxic and therefore the presence of mercury in drinking water is
undesirable.

Mercury concentrations in Slovakia’s groundwaters are very low as
local hypergene conditions do not permit Hg mobilization into streams,
but mainly because Hg concentrations in prevailing rock types are
extremely low. More than 92 % of samples had concentrations at or
below the detection limit (0.18 ug.1™"). A mere 3.5 % of samples con-
tained between 0.25and 1 ug.I* Hg. Exceptional concentrations over
5 pg.l? are irregularly and randomly distributed all over Slova-
kia’s territory.



SELEN (Se)
(atobmova hmotnost 78,96)

Geochemicky sa selén podoba sire, je vSak v zemskej kore ovela menej
zastupeny. S ohladom na geochemické vlastnosti selénu su jeho koncen-
tracie v prirodnych vodach vel'mi nizke, dosahuju zviaésa 0,1—0,3ug.l™
V niektorych vysoko mineralizovanych vodach v $pecifickych podmienkach
vsak jeho koncentracie dosahuju az 3,0 mg.I™

Selén sa v Zivotnom prostredi vyskytuje v roztokoch vo forme seleniCitanov
SeO3 s valenciou 4" a seleniénanov SeO% s valenciou 6°. MdZe byt redukovany
na nerozpustnu formu Se® a moZe formovat precipitat ferroselanit FeSe, za
redukénych podmienok. Selenicnany mozu byt sorbované do amorfnych Zelezi-
tych hydroxidov. Selén v pritomnosti Zeleza sa mdze vyzrazat s pyritom alebo
mozZe tvorit mineral FeSe,. ViaZe sa aj na oxidy Zeleza a uranonosné mineraly.
Selén sa vel'mi Casto priemyselne vyuziva napr. pri vyrobe farbiv a pigmentov,
nehrdzavejucej oceli a v gumarenskom priemysle. Obsahuju ho aj priemyselné
hnojiva. Moze sa koncentrovat v niektorych rastlinach a je esencialnym prv-
kom pre zZivoCichy. Vo vysokych koncentraciach je vSak pre Cloveka toxicky.
Uz v tridsiatych rokoch nasho storocia bolo o seléne zname, Ze je pri¢inou
svalovej atropie a alkalézy dobytka a Ze ma silné toxické ucinky. AZ neskor,
v roku 1957sa zistila aj jeho vyznamna biologicka funkcia. Je totiz jednym
z najvyznamnejSich bioprvkov nevyhnutnych pre spravne fungovanie Zivo-
¢iSnych organov.

Koncentracia selénu v pitnej vode je limitovana STN 75 7111najvyssou
medznou hodnotou 0,01 mg.1?, takisto je to v odportc¢ani WHO.

VySe 82% vzoriek podzemnych vod na uzemi Slovenska vykazovalo kon-
centraciu selénu mensiu alebo rovnu 1 ug.l™?, ¢iZe na hranici, alebo pod hra-
nicou detekéného limitu. Iba priblizne 0,5% vzoriek malo koncentraciu Se
nad 10 ug.I't. Priemerny obsah tohto prvku vo vzorkovom materiali atlasu je
0,91+1,62 ug.l* a median 0,5 pg.I™. VyraznejSie zvysené koncentracie sa
viazu na zony najvyssieho zjavného znecistenia podzemnych vod (hlavne Po-
dunajska a Vychodoslovenska niZina), pricom dosahuju hodnoty 5—20ug.1™.
Extrémne hodnoty (nad 25 ug.l™, maximalne 45 pg.I™) nie su konformné
s nijakym ur¢itym horninovym prostredim obehu podzemnych vod.
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SELENIUM (Se)
(atomic weight 78.96)

Geochemically, selenium resembles sulphur but is much less abundant in
the earth’s crust. Owing to its geochemical properties, selenium concen-
trations in natural waters are extremely low, mostly 0.1-0.3 pg.l™
However, under specific conditions the concentrations in highly minerali-
zed waters may reach as much as 3 mg.1™.

Selenium naturally occurs as four-valent selenites SeO3 and six-valent sele-
nate SeO?7", It can be reduced to insoluble Se°. It can also form precipitate
ferroselanite FeSe, under reducing conditions. Selenates can be sorbed on
amorphous ferric hydroxides. Iron in pyrite can precipitate selenium to
form the mineral FeSe,. Selenium is also bound to iron oxides and uranium
minerals.

Selenium is very extensively used in industrial production, such as produc-
tion of dyes and pigments, stainless steel and rubber. It is also contained in
industrial fertilizers. It has been documented that the element can accumu-
late in some plants and is essential to animals. Nevertheless, high selenium
concentrations are toxic to humans.

As early as in thirties of this century, selenium was known to cause cattle
alkali disease and blind staggers and was therefore regarded as highly toxic.
Its important biological function was recognized later in 1957. Now it is
viewed as a major element needed for proper functions of animal organs.
According to Slovak and WHO’s standards, the maximum permissible sele-
nium concentration in drinking water is 0.01mg.1™.

Selenium concentrations in more than 82 % of groundwater samples do
not exceed 1 ug.I*; therefore, it is next to, or below the detectability limit.
In only some 0.5 %of the samples the concentration of selenium exceeded
10ug.I". Average Se content in the Atlas’s samples is 0.91+ 1.62ug.I™* and
median 0.5ug.I"Y. Major highs attaining 5—20ug.I"™* are associated with the
zones of maximum or obvious groundwater-pollution (mainly the Danube
and the Eastern Slovakian lowlands). Extreme values (over 25ug.1?, up to
45 ug.1" Se) are not bound to a certain rock environment of groundwater
circulation.



ZINOK (Zn)
(atomova hmotnost 65,38)

Zinok je kov, ktory sa v prirodnych vodach bezne vyskytuje vo valenénom
stave +2. Do prostredia sa primarne dostava pri zvetravani hornin. Sekun-
darne zdroje suvisia s tym, Ze zinok je jednym z najbeZnejSie priemyselne pou-
zivanych kovov. Najrozsirenejsie je jeho uplatnenie v metalurgii, vo farbiar-
skom (zinkova beloba ZnO), farmaceutickom a gumarenskom priemysle.

Z hladiska hydrogeochémie je vyznamna pomerne nizka rozpustnost uhlici-
tanu zino€natého (rovnovazna konstanta 107'%). Obsah Zn je limitovany
v alkalickom prostredi najma pri hodnotach pH nad 8,3,kedy su v roztoku pri-
tomné uhliGitanové iony. Napriklad v rozmedzi pH 8—11 pri 610 mg.I*
HCO3 je potom koncentracia rozpusteného zinku mensia nez 100ug.1™.
Zinok je pre rastliny a Zivo¢ichy esencialnym prvkom, jeho vySSia koncentracia
je vsak pre niektoré druhy Zivocichov vodnych ekosystémov neZiaduca. V niekto-
rych normach je obsah zinku v pitnej vode limitovany, pretoZe vyssie koncentra-
cie sposobuju zhorSenie chutovych vlastnosti vody, ale bez dalSich negativnych
zdravotnych vplyvov. STN 75 7111limituje koncentraciu tohto prvku v pitnej
vode medznou hodnotou 5 mg.I}, odportcanie WHO ju vsak nelimituje.
Stanovena medzna hodnota zodpoveda prahovej koncentracii chuti, pricom
prah priamych toxickych u¢inkov na €loveka je asi 30 mg.1™.

Priemerna koncentracia zinku v podzemnych vodach na uzemi Slovenska je
0,27 mg.I* a median iba 0,02 mg.I*. Koncentraciu pod detekénym limitom
pouzitej metody (0,001 mg.l™?) vykazovalo iba nizke percento vzoriek (asi
15%).Variabilita koncentracie zinku je pomerne vel’ka, najvyssia koncentracia
dosiahla 373 mg.I"}, koncentraciu vyssiu ako 0,18 mg.I" vykazovalo vyse 20%
vzoriek. Koncentréacie nad normovanti hodnotu (5 mg.I™") boli uz vel'mi zried-
kavé (asi 0,5%vzoriek). Z mapy distribucie hodndt koncentracii zinku vidiet,
7e najniZsie koncentracie (0,025mg.1™) sa viazu na podzemné vody horskych
oblasti jadrovych pohori, neovulkanitov a paleogénnych sedimentov. ZvySené
koncentracie su spojené s viac ¢i menej kontaminovanymi podzemnymi vo-
dami horskych dolin, kotlin a nizZin. Je vSak zrejmé, Ze neexistuje Specificky
vztah medzi horninovym prostredim obehu podzemnych vod a distribuciou
hodno6t koncentracie zinku v podzemnych vodach. Jeho zdrojom v pripade vys-
Sich koncentracii je sekundarne znecistenie podzemnych vod.
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ZINC (Zn)
(atomic weight 65.38)

Zinc is a metal commonly present in natural waters in valence +2. It is pri-
marily released into the environment by rock weathering. Zinc is widely
used in a variety of industries and therefore has a multitude of secondary
sources. Major quantities of this metal are consumed in smelting, dye (zinc
white), pharmaceutic and rubber industries.

Groundwaters are little affected by zinc thanks to the fairly low solubility
of zinc carbonate (balance constant 109, i.e this phenomenon limits Zn
concentration in water within a pH range where carbonate ion exist. For
instance, at pH 8—11and HCO, content 610 mg.I"* the concentration of
dissolved zinc is below 100pug.I™.

Zinc is an essential element to plants and animals, but higher concentra-
tions adversely affect certain water animals. Some drinking-water stan-
dards limit Zn concentrations, because higher contents worsen water taste
although it is not harmful to health. Slovak standard No. 75 7111permits
the maximum Zn concentration in potable water 5 mg.I"*, but WHO does
not limit it at all.

The Slovak limit is based on taste-affecting concentration, as Zn concen-
trations below 30 mg.I"* are not directly toxic to humans.

Average zinc concentration in Slovakia’s groundwaters is 0.27 mg.1™
and median is as little as 0.02 mg.I". Low percentage of samples
(about 15 %)yielded contents below the detection limit of the method
used (0.001mg.1""). Zinc contents in Slovakia are highly variable, 20 %
of samples containing more than 0.18 mg.l"* and the maximum con-
centration being 373 mg.1"*. Contents above the limit value (5 mg.l™")
were very rare. The map of Zn distribution shows that the lowest con-
centrations (0.025mg.1™") are associated with groundwaters in moun-
tain areas, notably core mountains, Neogene volcanics and Paleogene
sediments. Increased concentrations occur in more or less polluted
groundwaters in mountain valleys, basins and lowlands. No obvious
relationship between Zn contents in groundwaters and rock types has
been noted. Its higher concentrations in groundwaters are due to se-
conadry pollution.



OXID KREMICGITY (SiO,)

Oxid kremicCity je beznou sucastou chemického zloZenia podzemnych
vod. Jeho obsah kolise od 1 do 30 mg.I'}, v niektorych pripadoch dosa-
huje aj hodnoty vySe 100mg.I™". Maximalne koncentracie SiO, su viazané
vo vulkanicky aktivnych zénach na geotermalne vody a solanky, kde sa
vyskytli obsahy okolo 4000mg.I"". V morskej vode je koncentracia SiO,
0,04—8,6mg.1".

Primarnym zdrojom SiO, v podzemnych vodach je hydrolyticky rozklad
alumosilikatov (Zivce, sludy, pyroxény, amfibolity, ilové mineraly a pod.).
Antropogénnym zdrojom SiO, mozZu byt niektoré druhy priemyselnych
odpadovych vod (napr. vyroba keramiky a skla) a fluorizacia pitnej vody.
V prirodnych vodach sa SiO, vyskytuje v dvoch hlavnych formach — ako
rozpustny a v suspenzii, resp. v sedimentoch. Forma vyskytu zavisi od cel-
kového chemického zlozenia vody, pH a teploty. Pri hodnotach pH pod 9
vystupuje kremik prevazne v rozpustnej monomérnej forme ako kyselina
tetrahydrogénkremicita Si(OH), a len Ciasto¢ne v koloidnej forme. V alka-
lickych roztokoch sa moéze kremik nachadzat v tychto unimolekularnych
ionoch: [SiO(OH),], [SiO,(OH),]?, [Si(OH)s]" a [Si(OH)¢]*. Pri hodno-
tach pH nad 9 rozpustnost kremika vzrasta a vytvara polymerické silikaty
[Si,(OH):]%, [Si,05(OH)¢l%, [Si,05(OH),]%. Tieto formy kremika a jeho
koloidy vytvaraji komplexy s Fe** a Mn?*, pri¢om komplexaéna schopnost
s Fe?" je podstatne mensia.

Zluceniny kremika nie su S§kodlivé pre vodné organizmy. Niektoré, napr.
rozsievky, ich dokonca potrebuju na vytvaranie hmoty schranok.

Z hygienického hladiska su zlucCeniny kremika malo vyznamné a nevyza-
duju kontrolu. STN 75 7111nelimituje hodnotu SiO,, ale WHO odporuca
obmedzit koncentraciu SiO, v pitnej vode na 15 mg.I"%, pretoZe nie je vy-
Iu¢enda moznost jeho vplyvu na steny tepien.

Priemerny obsah oxidu kremicCitého v podzemnych vodach vzorkovaného
materialu atlasu je 17,54t 13,54mg.I" s medianom 13,10mg.I". Distribuicia
oxidu kremicitého v podzemnych vodach Zapadnych Karpat je podmienena
geologickou stavbou, antropogénne zdroje ovplyviuju koncentraciu SiO, len
ojedinele. Z toho vyplyvaju aj nizke obsahy SiO, v horninovom prostredi s pre-
vahou karbonatov a v podmienkach krystalinika s rychlym a plytkym obehom
podzemnych vod (napr. Tatry). Naopak typickym prostredim so zvySenymi
koncentraciami Sio, v podzemnych vodach su neovulkanické horniny, ktoré
rychlo podliehaju zvetravaniu, v ktorych st bezné obsahy SiO, aj nad 50 mg.I™.
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SILICA (SiO,)

Silica is a common constituent of groundwater chemistry. Its contents vary
from 1 to 30 mg.I"* sometimes exceeding 100mg.I™%. The highest silica con-
tents are associated with active volcanic zones with geothermal waters and
brines which rarely contain as much as 4000mg.I. Silica contents in sea
water amount to 0.04—8.6mg.1™.

A primary source of silica in groundwater is hydrolytic decomposition of
alumosilicates (feldspars, micas, pyroxenes, amphiboles, clay minerals,
etc.).

Man-made sources of silica include some industrial effluent waters (e.g.
from ceramics and glass industries) and fluoridation of potable water.
Silica occurs in natural waters in two main forms — dissolved and in sus-
pension or in sediments. The form of occurrence depends on the overall
water chemistry, pH and temperature. At pH below 9, silicium largely
occurs in the dissolved monomer form as tetrahydrogensilicic acid
Si(OH), and only minor part is in the colloidal form. Silicium in alkaline
solutions may be combined in the following unimolecular ions:
[SiO(OH),], [SiO,(OH),]*, [Si(OH)s]" and [Si(OH)¢]*. At pH above
9, silicium solubility increases and silicium forms polymeric silicates
[Si,(OH):]%, [Si,04(OH)¢]* and [Si,05(OH),]*. The above silicium
forms and colloids create complexes with Fe** and Mn®" much more ra-
rely with Fe?".

Silicium compounds are not noxious to water organisms, some of them,
such as diatoms, even need it to build their shells.

From a hygienic point of view, silicium compounds are unimportant and
need not be checked. State standard No. 75 7111does not limit silica
content in potable water, but WHO recommends that it should not exceed
15 mg.1" because it may possibly affect the composition of blood-vessel
walls.

Average silica content in the Atlas’s groundwater samples amounts to
17.54+ 13.54mg.I'*, median being 13.10mg.I™%. Silica distribution in West
Carpathian groundwaters is controlled by geological structure, man-made
sources being mostly negligible. Low silica contents occur in carbonate-
-dominated areas or in crystalline massifs with shallow groundwater circu-
lation, such as the Tatry. In contrast, readily weathering Neogene volcanics
(andesites, basalts and related volcanics) silica contents commonly exceed
50 mg.I™.



TVRDOST VODY (Ca+Mg mmol.I'")

Tvrdost vody nie je v literature definovana jednotne. Vychadza bud z ana-
Iytického, alebo technologického hladiska. Najprv bolo presadzované hla-
disko technologické, kde pod pojmom tvrdost vody sa rozumeli vSetKky viac-
mocné iény, ktoré sa nepriaznivo prejavovali v predprevadzkovych vodach,
c¢omu zodpovedalo tzv. Clarkove stanovenie tvrdosti (patentované v roku
1847) mydlovym roztokom. Neskor sa presadilo hladisko analytické, t. j.
tvrdost vody je dana bud suctom Ca+Mg+Sr+Ba, alebo iba kationov,
ktoré su viazané najviac a najCastejSie zastupené v prirodnych vodach
Ca+Mg (obe sumy st vyjadrené v mmol.l"). V minulosti sa tvrdost vody
nespravne rozdelovala na chloridovu, siranovu, dusi¢nanovu, resp. pre-
chodnu, stalu, uhli¢itanova a neuhli¢itanova. Prakticky vSetky uvedené ter-
miny sa v sucasnej hydrogeochemickej literature uz nepouZzivaju.

V Geochemickom atlase Podzemnych vod Slovenska pod pojmom tvrdost vody
rozumieme sucet obsahov Ca+Mg v mmol.I*. Z malo rozpustnych zlu¢enin
vapnika a hor¢ika maju v hydrogeochémii a technologii najvacsi vyznam: uhli-
citany, podvojny uhli¢itan CaMg(CO,),, CaSO,, fluoridy a fosfore¢nany.

Pri zahrievani vody moZe prichadzat k vylucovaniu CaCOg, ktory tvori kal
aZ tuhy nanos tzv. inkrust v kotloch a rozvodovych potrubiach. Hor¢ik je
z tohoto hladiska menej zavadny, pretoze MgCO;, je podstatne rozpust-
nejsi ako CaCO,. Najviac nebezpecné su inkrusty, ktoré vznikaju pri vys-
Sich teplotach a tlakoch. Rozoznavaju sa tri zakladné typy: uhli¢itanovy,
siranovy a kremicitanovy, ktoré sa mozZu vyskytovat v roznych zmesiach.
Z hygienického hladiska je suma Ca+Mg malo vyznamna. Chutovo su najlepsie
vody, ktoré obsahuju prevazne vapnik a hyrogénuhli¢itany. STN 75 7111udava
odporu¢ant hodnotu sumy Ca+Mg 0,9 mmol.l%. Z literatiry je zname Statis-
tické zistenie, Ze v oblastiach, kde pitna voda obsahuje vacSie koncentracie vap-
nika a hor¢ika je u obyvatelstva mensi vyskyt kardiovaskularnych ochoreni. Z hla-
diska zavlahového hospodarstva je doleZity a limitovany pomer medzi sodikom,
vapnikom a hor¢ikom vzhladom ku potencialnej moznosti tzv. zasolenia pod.
Ako ukazuje mapa distribucie hodnot tvrdosti vody v podzemnych vodach
na uzemi Slovenska najnizSie koncentracie su viazané hlavne na vrcholové
oblasti pohori budované krystalinikom a neovulkanickymi horninami. Naj-
vyssie hodnoty sa vyskytuju v oblastiach vnutrohorskych depresii, Vychodo-
slovenskej a Podunajskej niZiny, ktoré si budované sedimentami s pomerne
vysokym obsahom vapnitého tmelu. Priemerna hodnota tvrdosti vody vo
vzorkach atlasu ma hodnotu 3,13mmol.I"* a median 2,8 mmol.l .
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WATER HARDNESS (Ca+Mg mmol.I'")

Water hardness is defined in several different ways. The definitions are
based either on analytical or technological criteria. Initially prevailing, the
technological point of view defines water hardness as all multivalent ions
having adverse effects on water management. This definition was reflected
in the so-called Clark’s soap-solution hardness determination (patented in
1847). The analytical point of view has prevailed later. It defines water
hardness either as the sum total Ca+Mg+Sr+Ba or only as the sum of
bound cations Ca+Mg (both sum totals are in mmol.I™") which are most
widespread in natural waters. In the past, water hardness was incorrectly
classified as chloride, sulphate, nitrate or temporary, permanent, carbonate
and noncarbonate. Almost all of these terms are no longer used in present-
-day hydrogeochemical literature.

In the Geochemical Atlas of Slovakia’s Groundwaters, water hardness is
understood as the sum of Ca+Mg contents in mmol.I*. Hydrogeoche-
mically and technologically most significant poorly soluble compounds of
calcium and magnesium comprise cabronates, bicarbonates CaMg(CO),,
CaSO,, fluorides and phosphates. Heating of water may result in CaCOj,
precipitation which gives rise to unconsolidated or solid deposits, so-called
incrustations in boilers and water pipes. Magnesium is less noxious in this
respect as MgCQO, is much more soluble than CaCO ;. Incrustations formed
at high temperatures and pressures are most dangerous. The three basic
types: carbonate, sulphate and silicate occur in various ratios.

From a hygienic point of view, the sum total Ca+Mg is fairly insignificant.
The most tasteful water is dominated by calcium and bicarbonates. The
Slovak technical standard 75 7111recommends that the sum Ca+Mg
should be 0.9 mmol.I". Published statistical data suggest that people in
areas with water rich in calcium and magnesium are less likely to suffer
from cardiovascular diseases. The sodium/calcium/magnesium ratio is sig-
nificant for irrigation because it controls soil salination.

The map of hardness distribution shows that the lowest concentrations
are found largely in summit areas of mountain ranges underlain by
crystalline rocks and Neogene volcanics. The hardest groundwaters
occur in intramontane depressions as well as the East Slovak and
Danube Lowlands underlain by sediments fairly rich in calcareous ce-
ment. Water hardness in the Atlas’ samples averages 3.13 mmol.I* and
its median is 2.8 mmol.l™.



AGRESIVNY CO,

Vseobecne agresivita je vlastnost vody, ktora spésobuje rozrusovanie urci-
tého materialu, potrubi, objektov a zariadeni. Na zaklade hlavnych pri¢in
podmienujucich agresivne u¢inky vod rozoznavame nasledovné vody: s niz-
kym obsahom rozpustenych soli, s nizkou hodnotou pH, obsahujuce agre-
sivny CO,, s vysokym obsahom siranov a s vysokym obsahom horc¢ika.

Vo vzorkach podzemnych vod bol stanoveny agresivny CO, priamo. V praxi
su tiez pouzivané vypoctové metddy, resp. urenie pomocou nomogramov.
Priame stanovenie, tzv. Heyerova (mramorova) skuska spociva v zisteni pri-
rastku HCO3 po ustanoveni rovnovahy s CaCO,, ktory sa pridava do vzor-
kovanej vody. Prirastok HCOjje sposobeny rozpustanim CaCO, a voda je
agresivna.

Zdrojom agresivneho CO, v podzemnych vodach su predovSetkym vplyvy
primarnych faktorov, z ktorych najdoélezitejSie su: kvalita infiltrujucich alebo
zdrojovych vod, charakter podneho pokryvu a horninového prostredia a spo-
sob a doba interakcie vody s horninovym prostredim.

Okrem toho mézu podzemné vody naviac ziskat agresivny charakter niekto-
rymi dalSimi procesmi, napr. mieSanie, idnovymena, oxidacia a pod. V pod-
mienkach Zapadnych Karpat sa na zvysSenom obsahu agesivneho CO, v oby-
¢ajnych podzemnych vodach nemalou mierou podielaju rozptyly mineralnych
vod preplynenych oxidom uhli¢itym a vyrony suchého oxidu uhliCitého. Vplyv
antropogénnej Cinnosti na vznik agresivneho CO, sa prejavuje len zriedkavo.
Nepriaznivé ucinky agresivneho CO, sa prejavuju hlavne voci stavebnym mate-
rialom a horninovému prostrediu. V pripade u¢inkov na beton, oxid uhliCity rea-
guje s hydroxidom vapenatym podla rovnice: Ca(OH),+CO,=CaCO;+H,0.
V dalSom s$tadiu dochadza k hydrolytickému rozkladu kremicitanov a alumo-
silikatov, ¢o ma za nasledok rozruSovanie betonu. Aj nizke obsahy agresivneho
CO, su nebezpecné najma v pripadoch pradiacej vody. Kritéria vlastnosti tychto
vod obsahuje STN 73 1001 Zdkladovd péda pod plosnymi zdkladmi.
Priemerna hodnota agresivneho CO, vo vzorkach atlasu je 6,75+ 12,6 mg.I ™.
Najvacsi agresivny charakter maju pdzemné vody viazané na krystalinikum
Zapadnych Karpat. V ramci krystalinika sa javia ako najagresivnejSie pod-
zemné vody z najvysSie poloZenych oblasti a najmene;j agresivne vody z oblasti
s najnizSou nadmorskou vyskou. Podzemné vody neovulkanitov maju v prie-
mere tieZ vysoky obsah agresivneho CO, s tym rozdielom oproti krystaliniku,
Ze vykazuje pomerne vel'ku ploSnu variabilitu. Podzemné vody ostatnych geo-
logickych celkov vykazuju celkove nizsi obsah agresivneho CO, s lokalnymi
anomaliami, ktoré su zapri¢inené uvedenymi primarnymi faktormi.
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AGGRESSIVE CO,

Aggressiveness generally is water’s ability to decompose some materials,
pipes, objects and installations. With regard to the main factors controlling
water aggressiveness, the following types of waters have been distinguished:
those with a low content of dissolved salts, low pH, containing aggressive
CO,, rich in sulphates and rich in magnesium.

Aggressive CO, in groundwater samples was determined directly.
Calculation methods and/or nomogram determinations are also applied in
practice. Direct determination, the so-called Heyer’s (marble) test measu-
res the increase in HCOjafter an equilibrium between the water and added
CaCO; was established. HCO; increase is caused by CaCO; dissolution
which means that the water is aggressive.

Aggressive CO, in groundwater mostly came from primary sources, the
most important of which are as follows. quality of recharged or source
waters, character of soil cover and rock environment and manner and dura-
tion of the water-rock interaction.

In addition, groundwater can become aggressive through some other pro-
cesses, such as mixing, ion-exchange, oxidation, etc. In the West Car-
pathians, increased aggressive CO, contents in fresh waters are often cau-
sed by disseminated occurrences of mineral waters loaded with carbon di-
oxide and by emanations of dry carbon dioxide. Human activity rarely gives
rise to aggressive CO.,.

Aggressive CO, attacks mainly building materials and rocks. In case of
concrete, carbon dioxide reacts with calcium hydroxide according to the
equation: Ca(OH),+CO,=CaCO;+H,0. In the next stage, hydrolytic dis-
solution of silicates and alumosilicates results in the destruction of con-
crete. Even low contents of aggressive CO, are dangerous, notably in case
of flowing water. The criteria for these waters’ properties are stated in the
Slovak standard 73 1001Foundation soil under areal foundations.

The average aggressive CO, content in the Atlas’ samples is 6.75%
12.6 mg.l™. The most aggressive groundwaters are bound to the West
Carpathian crystalline unit. In the crystalline unit, the most aggressive
groundwater is found in the highest elevations and the least aggressive one
in the lowest-lying areas. Groundwater in Neogene volcanic is also on ave-
rage rich in aggressive CO,, but its contents here are more variable than in
the crystalline unit. Groundwater in the other geological units generally
contains less aggressive CO,, local anomalies being caused by the above-
-mentioned primary factors.



CHEMICKA SPOTREBA KYSLIKA (ChSK,,,)

Aby sa zistila rychlo a relativne presne miera znecistenia organickymi latkami
alebo obsah oxidovateIného materialu vo vode, pouZiva sa Standardnd metoda
oxidacie za mokra. Na rozdiel od oxidacie organickych latok vo vode za pri-
rodnych podmienok (pomala oxidacia kyslikom za ucasti mikroorganizmov,
¢o je podstatny proces samodistiacich prirodnych procesov) je v laborator-
nych podmienkach pouzita ,drasticka“ metoda silnym anorganickym ¢inidlom,
v nasom pripade manganistanom draselnym (KMnO,).

Vysledky sa vyjadruju ekvivalentne v mg.I? spotreby kyslika. Zriedkakedy
sa zhoduju s vysledkami biologickej spotreby kyslika, su v§ak vel'mi napo-
mocné pri porovnavacich Studiach z plosného i casového hladiska.
Chemicka spotreba kyslika vyjadruje podiel chemicky rozloziteInych orga-
nickych latok vo vodach. Hodnoty ChSK sa v technologii vody prepocita-
vaju a porovnavaju s tzv. teoretickou spotrebou kyslika, ktora udava stupen
chemickej oxidacie organickych latok az na CO, a H,O. Stupen oxidacie
sa vyjadruje v percentach.

Podla STN 75 7111Pitnd voda je hodnota ChSK,,, 3 mg.I"* medzna a zaroven
indikuje potrebu podrobnejSie skumat kvalitu vody. Tuto hodnotu mozno
prekroéit azZ do 3,5 mg.l?, ale len ak priemerna roéna hodnota neprekroci
3 mg.I™. Hodnota ChSK,,, vysSia ako indika¢na naznacuje, Ze vo vode mozu
byt organické latky vratane organickych Skodlivin. Je to dévod na to, aby sa
stanovili huminové latky (v pripade sfarbenych vod), organicky viazany chlor,
chloroform alebo iné latky. Pri nechlorovanej vode je pripustna korekcia ziste-
nia ChSK,,, na pritomné huminové latky (do vysky ich medznej hodnoty)
v priblizne;j relacii 1 mg.I™ huminovych latok na 0,85mg.]* ChSK,,,.
Priemerna hodnota spotreby kyslika v podzemnych vodach na uzemi Slo-
venska dosahuje 2,27+ 1,94mg.1* O, a median 1,76 mg.1™" O,. Iba nevel'ké
mnoZstvo vzoriek (asi 1,5%)vykazovalo hodnoty vyssie ako 4 mg.l™* O,.
Extrémne vysoké hodnoty 8—12mg.I* O,, a lokdlne aZ vyse 40 mg.1™ O,
sa viaZze najma na povodie Moravy v Zahorskej niZine. Na ostatnom uzemi
sa takéto hodnoty namerali iba sporadicky. Pre prevaznu ¢ast uzemia Po-
dunajskej niziny, Vychodoslovenskej niziny, Ipelskej, Lucenskej a Rimav-
skej kotliny su charakteristické hodnoty chemickej spotreby kyslika v pod-
zemnych vodach v rozsahu 2—6mg.1" O,.
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CHEMICAL OXYGEN DEMAND COD,,,

Standard wet-oxidation method was employed to quickly and fairly accu-
rately determine pollution by organic matter or content of oxidizable mate-
rial in water. Unlike the oxidation of organic matter in water under natural
conditions (slow oxidation aided by microorganisms — a major factor of
natural self-cleaning natural process), laboratories employ a ,drastic* me-
thod using a strong inorganic agent like potassic Hypermanganate (KMnQO,)
used in our laboratory.

The results are given in mg.I"* of oxygen consumption. Although rarely
equal to biological oxygen consumption, they are very useful in comparative
studies from areal and temporal points of view. Chemical oxygen demand
(COD) gives the percentage of chemically-soluble organic matter in water.
COD values in water technology are adjusted and compared with the so-
-called theoretical oxygen demand which expresses the degree of organic-
-matter chemical oxydation down to CO, and H,O. The oxydation degree
is given in per cent.

Slovak standard No. 75 7111determines limit value COD,,, 3 mg.I"". At
the same time this value indicates that water quality must be examined in
more detail. Concetrations up to 3.5 mg.l™" are tolerated provided that
annual average does not exceed 3 mg.l™. Higher concentrations suggest
possible presence of organic matter of animal or plant origin and other
organic pollutants. In this case, humine acids in colorated waters, organic-
-bound chlorophyll and possibly other quality indices must analysed.
COD,,, in unchlorinated waters may be adjusted to huminous matters (up
to their limit content), 1 mg.l® huminous matter equalling roughly
0.85mg.I"* COD,,,.

Average oxygen consumption in Slovakia’s groundwaters is 2.27+
1.94mg.I* O, and median 1.76mg.I". Few samples (approx. 1.5 %)yielded
contents over 4 mg.I* O,. Extremely high concentrations 8—12mg.1* O,
and locally even above 40 mg.I'* O, occur primarily in the Morava Basin in
Zahorie Lowland. Such high concentrations are rare in the rest of Slo-
vakia’s territory. Chemical oxygen consumption in groundwaters of the
Danube, Ipel, Lucenec, Rimava and East Slovakian basins usually attains
2—6mg.lt 0,.



6. REGIONALNA HYDROGEOCHEMIA

V zavislosti od komplikovanej geologickej stavby a Struktirno-hydrogeolo-
gickych podmienok obehu podzemnych vod mozZno na uzemi Slovenska
vyClenit niekol'ko hydrogeologickych komplexov. Kazdy z nich poskytuje
iné podmienky formovania chemického zloZenia podzemnych vod a ich cir-
kulacie. Su to tieto celky: kryStalinikum, paleozoikum, mezozoikum, flySové
pasmo, bradlové pasmo, vnutrokarpatsky paleogén, sedimentarny neogén,
neogénne vulkanity a kvartér.

Jednotlivé hydrogeologické komplexy sa vyznacuju réznym stupnom zvod-
nenia a priepustnosti, roznym charakterom reZimu a obehu podzemnych
vod. Podla mineralogicko-petrografického charakteru infiltrac¢nej, trans-
portno-akumulacnej a vystupovej Casti hydrogeologického cyklu sa kazdy
z nich vyznacuje svojim vlastnym chemickym zloZenim podzemnych vod.
Relativne pestra a vertikalne i horizontalne premenliva litofacialna vypln
vyclenenych komplexov podmienuje vel’ku variabilitu chemického zloZenia
podzemnych vod, a to aj v ramci jednotlivych komplexov.

Systemizaciu chemického zlozenia podzemnych vod vyClenenych hydro-
geochemickych skupin v ramci hydrogeologickych komplexov znazorinuju
Piperove systemiza¢né diagramy, ktoré su doplnené o vyjadrenie celkovej
mineralizacie (obr. 9—15).Zakladné Statistické charakteristiky chemického
zloZenia vod jednotlivych skupin su uvedené v zavere tejto kapitoly.
Nasledujuca ¢ast podava zhodnotenie zakladnych procesov tvorby chemic-
kého zlozenia podzemnych vod a zachytava regionalne osobitosti vyClene-
nych celkov z hladiska zastupenia hlavnych zloziek (Na, K, Ca, Mg, NO;,
Cl, SO,, HCO; a Si0O,), vedlajsich (Fe, Mn, NH,, F a PO,) a stopovych
zloziek (Li, Al, Hg, Se, Zn, As, Sr, Ba, Cd, Cr, Cu, Pb, Sb) a skupinovych
parametrov, ako je hodnota celkovej mineralizacie, hodnota pH, agresivny
CO, a ChSK,,.

6.1. Zakladné procesy tvorby chemického zlozenia
podzemnych vod

6.1.1. Prirodné faktory

Tvorba chemického zloZenia podzemnych vod prebieha v zloZitom systéme
hydrologicko-hydrogeologického cyklu vody. Na kazdom stupni tohto
systému sa chemické zloZenie vody meni. Za inicialnu zloZku vstupujucu
do systému mozno pokladat najmé atmosférické zrazky a povrchova vodu
(v pripade podzemnych vod aluvidlnych sedimentov). Dal§im stupiiom,

v ktorom sa odohravaju zmeny chemického zloZenia inicialnych vod je ve-

getaCny pokryv, pddny profil a horninové prostredie.

V tejto schéme mozno vycClenit zakladné podmienky tvorby chemického

zloZenia podzemnych vod:

1. Klimatické podmienky s hlavnym vplyvom na mnozstvo zrazok
a teplotné zmeny, od ktorych zavisi akumulacia a topenie snehu
a biologicka aktivita.

2. Fyzicko-geografické podmienky s hlavnym vplyvom na hydrologicku
siet, charakter vegetatného a podneho pokryvu.

3. Geologické podmienky, ktoré maju hlavny vplyv na geologicku
poziciu, typy hydrogeologickych Struktur, mineralogicko-petrograficky
charakter horninovych typov a pod.

4. Tektonické podmienky s hlavnym vplyvom na charakter hydro-
geologickych Struktur a prinos plynov do podzemnych vod.

5. Hydrodynamické podmienky, najma charakter priepustnosti
v infiltraénej, transportno-akumulacnej a vystupovej faze,
rychlost a smery prudenia podzemnych vod.

Geochemické procesy suvisiace s tvorbou chemického zloZenia podzem-

nych vod predstavuju komplex fyzikalnych, fyzikalno-chemickych a bioche-

mickych procesov, ktoré sa v jednotlivych konkrétnych typoch uplatnuju

v roznych kombinaciach a s rdznou intenzitou.

Geochemické procesy prebiehajuce v podzemnych vodach mozno rozdelif na:

1. Transportné, t. j. pohyb infiltrujucich vod vo vSetkych fazach ich hyd-
rogeologického cyklu (infiltra¢na, transportno-akumulacna, vystupna).
V podstate ich mozno rozdelif na procesy konvektivneho transportu,
resp. hydrodynamicku disperziu a difizne procesy.

2. Procesy prebiehajuce vo vodnej faze, medzi ktoré mozeme zaradit
mieSanie, rozpustanie a zraZanie, tvorbu komplexov a ich rozpad,
disociaciu a rekombinaciu, protolyzu a oxidacno-reduk¢né reakcie.

3. Interakcie voda—hornina, kde medzi najdoleZitejSie fyzikalno-chemické
reakcie patri sorpcia a desorpcia, rozpustanie a zraZanie, hydrolyza,
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With regard to the complexity of geological structure and structural-hydro-
geological conditions of groundwater circulation, Slovak territory can be
divided into the following hydrogeological complexes characterized by dif-
ferent conditions of the formation of groundwater chemical composition
and circulation: crystalline unit, Paleozoic, Mesozoic, Flysch Belt, Klippen
belt, Inner-Carpathian Paleogene, Neogene sediments, Neogene volcanics,
Quaternary.

Each of the above hydrogeological complexes is characterized by different
amounts of groundwaters, permeabilities, groundwater regimes and circula-
tion controlled largely by the different mineralogic-petrographic character
of the catchment, transport-accumulation and discharge sections of the hyd-
rogeological cycle and has a distinctive groundwater composition. Fairly
variegated and vertically as well as horizontally variable lithofacies result in
highly variable groundwater chemistries also within the complexes.
Individual groundwater-chemistry categories in hydrogeochemical groups
in the hydrogeological complexes are illustrated in Piper’s systematization
diagrams supplemented with T.D.S. (Fig. 9—15).Basic statistical charac-
teristics regarding chemistry of the hydrogeochemical groups are given in
at the end of this chapter.

Essential processes controlling the formation of groundwater chemistry
and regional differences between the complexes as regards major (Na, K,
Ca, Mg, NO,, Cl, SO,and HCOj,, and SiO,), minor (Fe, Mn, F and PO,)
and trace components (Li, Al, Hg, Se, Zn, As, Sr, Ba, Cd, Cr, Cu, Pb, Sb)
and parameters, such as T.D.S. pH, aggressive CO, and COD,,, are gene-
rally summed up in the following section.

6.1. Basic Processes of the Formation of Groundwater Chemistry
6.1.1. Natural factors

Groundwater chemistry evolves in a complicated system of hydrologic-hyd-
rogeological water cycle where water chemistry is modified and changed in
virtually each stage. Initial component entering the system is rain- and
snowfall, and surface waters in the case of groundwaters in alluvial sedi-
ments. Further stages to modify the chemical composition of initial waters
comprise vegetation, soil and rock setting.

Basic conditions controlling the formation of groundwater chemistry in the

above-described scheme are as follows:

1. Climatic — controlling the amount of precipitation and temperature
changes which in turn affect the accumulation and thawing of snow
and biological activity

2. Physical-geographical — essentially controlling stream pattern,
character of vegetation and soil cover

3. Geological — essentially controlling geologic setting, types of hydrogeo-
logical structures, mineralogic-petrographic character of rock types, etc.

4. Tectonic — controlling the character of hydrogeological structures,
gases entering groundwaters,

5. Hydrodynamic — controlling permeability in catchment, transport-accu-
mulation and discharge stages, rate and direction of groundwater flow

The geochemical processes of groundwater-chemistry formation comprise

a complex of physical, physico-chemical and biochemical processes whose

diverse combinations of various intensity take place in individual concrete

circulation types.

Geochemical processes taking place in groundwaters may be divided as fol-

lows:

1. Transportational, i.e. regarding movement of recharging waters in all
stages of hydrogeological cycle (recharge, transportation-accumulation,
discharge). They can essentially be divided into the processes of con-
vective transport, hydrodynamic dispersion and diffusion processes.

2. Processes in aqueous phase which include:

a) mixing processes

b) dissolution/precipitation

¢) formation and decay of complexes
d) dissociation/recombination

e) protolysis

f) oxidation-reduction reactions

3. Water-rock interaction whose major physico-chemical reactions com-
prise:

a) sorption/desorption



oxida¢no-redukéné reakcie, disociacia a rekombinacia, hydratacia
a dehydratacia.

Fyzikalno-chemické vlastnosti pevnej fazy (mineralogické zlozenie

a mechanické vlastnosti horninového prostredia) urcuju, ktoré z tychto

procesov sa uplatnuju ako hlavné. Intenzita ich priebehu zavisi od fyzi-

kalno-chemickych vlastnosti kvapalnej fazy a hydrodynamickych, termo-
dynamickych, kinetickych a oxida¢no-redukénych podmienok fazového
rozhrania.

Podla toho, ako sa uplatiuju mineralizaéné procesy rozdelil S. GAzDA (21)

podzemné vody Zapadnych Karpat na:

— karbonatogénne, pri ktorych je urcujucim mineralizaénym procesom
fazového rozhrania voda—hornina rozpustanie karbonatov podmienu-

juce kalciovo-(magnéziovo)-hydrogénuhli¢itanovy (Ca—Mg—HCO,)
chemicky typ podzemnych vod;

— sulfatogénne, pre ktoré je urujucim mineralizanym procesom rozpus-
fanie sadrovca a anhydritu, priCom podzemné vody ziskavaju kalciovo-
-sulfatovy (Ca—SO,) typ chemizmu;

— silikatogénne, kde urcujucim mineralizaénym procesom fazového roz-
hrania je hydrolyticky rozklad silikatov (v podmienkach Zapadnych
Karpat najmi neovulkanické komplexy, horniny kryStalinika, nevapnité
psamiticko-psefitické horniny terciéru), v ktorych sa realizuje ich obeh;

— sulfidogénne, pri ktorych je hlavnhym mineralizaCnym procesom fazo-
vého rozhrania oxidacia sulfidov (v tomto type podzemnych vod zo-
hravaju doleziti funkciu okrem tychto reakcii aj biochemické procesy;

— halogénne (v podmienkach prvého zvodneného horizontu sa v Zapad-
nych Karpatoch tento geneticky typ podzemnych vod vyskytuje len
zriedka), kde hlavnym mineralizaénym procesom je rozpustanie halitu,
pri¢om vysledkom su vody natriovo-chloridového typu (Na—Cl);

— hydrosilikatogénne, pri ktorych su hlavnym mineralizacnym procesom
ionovymenné reakcie najma na ilovych mineraloch, ale vymennu schop-
nost maju aj hydroxidy Zeleza a hlinika, apatit, sludy, glaukonit, gély
SiO,, huminové kyseliny a ich soli a pod. (s charakteristickym

Na—HCO, chemickym zloZenim);

— prechodné, pri ktorych sa uplatiuju dva z vymenovanych mineralizac-
nych procesov, najma rozpustanie karbonatov, hydrolyza a ionovymena;

— polygénne, na tvorbe ktorych sa v pribliZzne rovnakej intenzite a miere
zucastnuje niekol'ko mineralizaénych procesov.

4. Interakcie vody a organickych latok, ktoré su charakterizované
mnoZstvom reakcii, najma sorpciou a desorpciou, i6Gnovymenou,
zvySovanim mineralizacie vod s velkym podielom organickych latok,
ktory sa moze prejavit aj typovo, hydrolyzou, tvorbou organickych
komplexov a ich rozpadom, katalyzu oxida¢no-redukénych reakcii.

Tieto reakcie maju velky vyznam pre tvorbu chemického zloZenia podzem-

nych vod. Prebiehaju najma vo vegetatnom pokryve a podnom profile (pre-

dovsetkym v korenovej zone), ale aj v samom horninovom prostredi kolek-
torov (typicky priklad je redukcia siranov v kvapalnej faze desulfurikaénymi

baktériami za produkcie sulfanu H,S).

5. Interakcie voda—plyn, kde posobenie plynnej fazy v systéme zavisi
od jej mnozZstva, zloZenia a od termodynamickych podmienok.
Prevladajucou plynnou fazou je pddna atmosféra a v kolektoroch
najma CO,, O,, menej N,, H,S a inertné plyny. V tomto systéme
sa uplatiuje zvacSa rozpustanie a odplynenie, oxida¢no-redukcné
procesy, tvorba a rozpad komplexov

6. Procesy rozpadu veobecne, medzi ktoré moézeme zaradit rozpad
prirodnych radionuklidov, odumieranie biomasy v ramci prirodzeného
vegetaCného vyvoja, vplyvom potravinovej konkurencie a nepredvi-
danymi ekologickymi katastrofami a koagulaciu emulgovanych latok
v kvapalnej faze.

6.1.2. Antropogénne faktory

Podzemné vody patria medzi tie zlozky Zivotného prostredia, ktoré pomerne
rychlo a vel'mi indikativne odrazaju vSetky negativne impakty Iudskej ak-
tivity. Je to dosledok faktu, Ze podzemné vody zony hypergenézy su v bez-
prostrednom kontakte so vSetkymi zakladnymi zloZzkami Zivotného prostre-
dia (atmosféra, biomasa, pody, zvetraliny, horniny, a to prostrednictvom
infiltrujucich zrazkovych a povrchovych vod). V zlozitom systéme Zivotného
prostredia neposobia len ako jeden z Cinitelov prebiehajucich procesov,
ale aj ako médium, v ktorom sa odohrava viacSina podstatnych procesov,
vratane transportu hmoty a migracie chemickych prvkov ¢i zloziek, a teda aj
kontaminantov.

b) dissolution/precipitation

¢) hydrolysis

d) oxidation-reduction reactions
e) dissociation/recombination
f) hydration/dehydration

Physico-chemical properties of solid phase (mineral composition and

mechanic properties of rock setting) determine which of the above proces-

ses will be major ones. The intensity of these processes depends on the phy-
sico-chemical properties of liquid phase and hydrodynamic, thermodyna-
mic, kinetic and oxidation-reduction conditions of phase interface.

With regard to the resulting presence of the above-mentioned so-called

mineralization processes, groundwaters in the West Carpathians fall into

the following categories (21):

— carbonatogenic whose dominant mineralization process at water-rock
phase interface is carbonate dissolution which gives rise to calcium-
-(magnesium)-bicarbonate (Ca—Mg—HCO,) type-chemistry

— sulphatogenic whose dominant mineralization process is gypsum and
anhydrite dissolution which results in calcium-sulphate (Ca—SQO,) type
chemistry

— silicatogenic whose dominant mineralization process at water-rock
phase interface is hydrolythic dissolution of silicates along circulation
routes (in West Carpathians mainly Neogene volcanic mountains, cry-
stalline massifs, Tertiary noncalcareous psammitic-psephitic rocks)

— sulphidogenic whose dominant mineralization process at water-rock
phase interface is sulphide oxidation. In addition, biochemical proces-
ses also play an important role in groundwaters of this kind

— halogenic waters rarely occur in the first aquifer in the West
Carpathians. Principal mineralization process in groundwaters of this
genetic type is halite dissolution resulting in sodium-chloride-type
(Na—Cl) waters

— hydrosilicatogenic whose mineralization process is dominated by ion-
-exchange reactions mostly on clay minerals, but also on iron and alu-
minium hydroxides, apatite, micas, glauconite, silica gels, huminous
acids and related salts, etc. These waters have Na—HCO, chemistry

— transient — dominated by two of the above-mentioned mineralization
processes, chiefly carbonate dissolution, hydrolysis and ion-exchange

— polygenic — created by several mineralization processes of roughly equal
intensity.

4. Water-organic matter interaction characterized by a number
of reactions, notably:

a) sorption/desorption

b) ion-exchange

¢) increasing of T.D.S. by abundant organic matter which may even
change the water type

d) hydrolysis

e) formation and decay of organic complexes

f) catalysis of oxidation-reduction reactions

These reactions considerably influence the formation of groundwater che-

mistry. They take place mainly in vegetation cover, soil profile (predomi-

nantly in root zone), but also in aquifer rocks (sulphate reduction in liquid
phase by desulphurization bacteria to produce hydrogen sulphide H,S is

a typical example).

5. Water-gas interactions in which gas-phase role depends on its amount,
composition and thermodynamic conditions. The gas phase is domina-
ted by soil atmosphere and in aquifers by CO,, O,, to a lesser extent
also by N,, H,S and inert gases. Principal processes in this system
comprise:

a) dissolution/degassing
b) oxidation-reduction processes
¢) formation and decay of complexes
6. Decay processes in general which include:
a) decay of natural radionuclides
b) decay of biomass in the cource of natural vegetation evolution, due
to food competition and unpredicted ecological disasters
¢) coagulation of emulgated matter in liquid phase.

6.1.2. Anthropogenic factors
Groundwaters fairly quickly and very indicatively reflect all negative im-

pacts of human activity. This results from the very close contact between
groundwaters and all essential environmental constituents (atmosphere,
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Prirodné procesy tvorby chemického zloZenia podzemnych vod, ktorych pod-
statou su geochemické a biochemické interakcie v systéme hornina—voda—
atmosféra, su v stale vic¢Sej miere nardsané antropogénnymi faktormi. Vys-
ledky regionalneho hydrogeochemického mapovania jasne preukazali, Ze ne-
gativne dosledky Tudskej ¢innosti na uzemi Slovenska sa osobitne intenzivne
prejavuju v celej hydrosfére, pricom celkovy stupen a rozsah znecistenia v pr-
vom zvodnenom horizonte mozno pokladat za vyrazny. Treba pripomenut, Ze
v celoslovenskom ramci nehodnotime znecistenie organickymi latkami.

Na znecistenie podzemnych vod maju vplyv priemyselné, pol'nohospodar-
ske i komunalne zdroje znecistovania s bodovym, liniovym aj ploSnym cha-
rakterom. Za vychodisko zneCistovania podzemnych vod vSak moZeme
pokladat infiltrujuce zrazkové vody, ktoré vzdy obsahuju urcité mnozstvo
kontaminantov ako vysledok samocistiacich mechanizmov v atmosfére.
Z kvantitativneho hladiska su vSak pre mineraliza¢né procesy podzemnych
vod najdoblezitejSie interakcie infiltrovanych vod s vegetaciou, poédou a hor-
ninovym prostredim. Kontaminanty (zluceniny a soli antropogénneho po-
vodu) vstupuju do tohoto procesu vo vsetkych jeho fazach — po¢ntic atmo-
sférou a konciac horninovym prostredim.

Vsetky tieto okolnosti sa Specificky odrazaju v charaktere distribucie hodnot
koncentracie chemickych prvkov a zloZiek v podzemnych vodach prvého
zvodneného horizontu uzemia Slovenska. V skuto¢nosti vS§ak metodika pouzita
v tomto atlase umoznuje posudit charakter a rozsah zneCistenia podzem-
nych vod predovsetkym z hladiska vplyvu rozdielnych typov hospodarskeho
vyuZzivania krajiny na kvalitu podzemnych vod. Prirodné a antropogénne
anomalie vybranych prvkov a zloziek z ekologického a vodohospodarskeho
hladiska budu prezentované v mapach mierky 1:200000po ukonceni ana-
Iytickych prac pre vSetky média projektu Geochemicky atlas.

Na vel'kej Casti uzemia Slovenska prave charakter vyuZzitia krajiny prekryva
pri vacSine prvkov a zloZiek vplyv geogénnych (primarnych) mineralizac-
nych faktorov. Historicky sa situacia vyvinula tak, Ze vysoky azZ vel'mi vysoky
potencial pre socidlne a ekonomické aktivity Cloveka poskytuju na Slo-
vensku najma oblasti nizin, viac ¢i menej otvorenych kotlin (medzihorskych
depresii) a nizkych pahorkatin. Prave na tieto oblasti sa viazu mnohonasobne
vysSie koncentracie siranov, chloridov, dusi¢nanov, fosforeénanov, draslika,
Zeleza, manganu, casto zvySené koncentracie agresivneho oxidu uhli¢itého
a mnohych kovov (Cu, Zn, Cd). Je to dosledok tzv. koncentraéného typu
znecistenia. Jeho zakladnou ¢rtou je celoploSné zvySenie koncentracie zne-
¢istujucich latok v podzemnych vodach do takej miery, Ze v zasade nie je
mozné presne identifikovat podiel jednotlivych zdrojov znecistenia (prie-
myselnych, pol'nohospodarskych, komunalnych). Naopak v oblastiach vys-
Sich pahorkatin, vrchovin, vysoCin a vel'hor, ktoré su na uzemi Slovenska
charakterizované (37) limitovanym (nizkym az vel'mi nizkym) potencialom
pre ekonomické aktivity, sa pri mnohych prvkoch vyznamnejSie prejavuju
i geogénne faktory (dokumentovali sme to napr. v pripade sodika, draslika,
hlinika a pod.), predovSetkym mineralogicko-petrograficky charakter hor-
ninového prostredia obehu podzemnych vod.

Tuto situdciu dokumentuje mapa stupna kontaminacie podzemnych vod
(obr. 8). Stupen kontamindacie sa vypocita takto:

a. Vypocet faktora kontaminacie pre kazdu analyzovanu zlozku, ktora pre-
kracuje normativnu hodnotu z STN 75 7111Pitnd voda.

C,= gj; 1

pricom C,; = analytickd hodnota i-tej zlozky,
Cyi = normativna hodnota i-tej zlozky,
C,; = faktor kontaminécie i-tej zlozky.

b. Vypocet stupna kontaminacie pre analyzovanu vzorku:

C= Z G

kde C, = stupen kontaminacie vzorky.
Pocet prekro¢enych medznych hodnét analyzovanych zloziek rozdeleny na

typy skimanych zdrojov podzemnych vod dokumentuje tab. 3. Z tab. 3 je
zrejmé, Ze najviac kontaminovana je voda zo studni, vrtov, drenazi a $tolni.
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biomass, soils, weathered mantle, rocks) facilitated by seeping meteoric
and surface waters.

Within the complex system of the environment, groundwaters are not only
one of the agents of the ongoing processes but also a substance in which
the majority of important processes (material transport, migration of che-
mical elements and components including contaminants) takes place.
Natural processes controlling the formation of groundwater chemistry dominated
by geochemical and biochemical reactions in the rock-water-atmosphere system
are increasingly affected by human activities. Results of our regional hydrogeoche-
mical mapping have yielded ample evidence that the adverse impacts of human ac-
tivity in Slovakia are especially appalling in the whole hydrosphere and the degree
and extent of pollution in the first aquifer are considerable. In this respect it is note-
worthy that we do not make a nationwide assessment of organic pollution.
Groundwater pollution is caused by industrial, agricultural and household sour-
ces of point, linear and areal character. The initial state of groundwater pollu-
tion corresponds to infiltrating meteoric waters which always contain some pol-
lutants as a result of self-cleaning processes in the atmosphere. Quantitatively,
the most important stage of groundwater mineralization processes is the inter-
action of infiltrated waters with vegetation, soil and rock environment. Conta-
minants (man-made compounds and salts) enter all stages of this process be-
ginning with the atmosphere and ending with the rock environment.

All these facts are reflected in the character of regional distribution of chemical
elements and compounds in groundwaters of the first aquifer in Slovakia. In
fact, our methods allow to assess the character and extent of groundwater pol-
lution in Slovakia mainly as regards the impacts of various kinds of land use on
groundwater quality. Man-made and geogenic anomalies of selected elements
important from ecological and water-management points of view present in all
environments will be illustrated at scale 1:200000following the completion of
all analyses of the project. Natural and man-made anomalies of major elements
and components significant from ecological and water-management points of
view will be illustrated in maps at scale 1:200000after the analytical works on
all media of the Geochemical Atlas Project are completed.

As to most elements and components, the impact of land-use character oversha-
dows geogenic (primary) mineral factors over vast tracts of Slovakia’s territory.
Human socio-economic activities in Slovakia traditionally concentrate in
lowlands, more or less opened basins (intermontane depressions) and low
hills. In these areas, sulphate, chloride, nitrate, phosphate, potassium, iron
and manganese concentrations are increased many times. Concentrations
of aggressive carbon oxide, oxidability and numerous metals (Cu, Zn, Cd)
are also often increased as a result of so-called ,,concentration®“-type pol-
lution. Its characteristic feature is that concentrations of pollutants in
groundwaters are increased on such an extensive area that individual pol-
lution sources (industrial, agricultural, household) essentially cannot be
identified. These aspects clearly result from maps of distribution of the
above-mentioned components which best indicate groundwater pollution
as well as from T.D.S. distribution in groundwaters of the first aquifer.

On the contrary, higher hills, mountains and uplands which permit only limited
economic activities (37) display also geogenic anomalies of numerous elements
(sodium, potassium, aluminium, etc.) controlled mostly by the mineralogic-pet-
rographic character of rock environment along groundwater circulation routes.
The scheme is illustrated on a map of groundwater contamination. (fig. 8).
The degree of contamination was calculated as follows:

a) contamination factor was calculated for each analysed component which
exceeds value permitted by Slovak standard No. 75 7111for drinking water:

where C,; —analytical value of i-th component
Cy; — value of i-th component permitted by Slovak standard
C; — contamination factor of i-th component

b) contamination degree of analysed samples was calculated as follows:

Cd:i G

where C, — contamination degree of sample



Najvacsi vyskyt stopovych prvkov a tym aj najvysSie faktory kontaminacie
Al, As, Cd, Cu a Hg vykazuju vytoky zo §tdlni. Tomu zodpoveda aj distri-
bucia stupna kontaminacie: najvyssSie hodnoty sa viaZzu na niZzinné oblasti
so sustredenymi antropogénnymi aktivitami a lokalne na oblasti s byvalymi
alebo suCasnymi banskymi pracami, ktoré mozno pokladat za geogénno-
-antropogénne anomalie.

Ukazuje sa, Ze vysledky regionalneho geochemického mapovania v kombina-
cii s vysledkami dosiahnutymi v rdmci projektu regionalneho monitoringu kva-
lity podzemnych vod (SHMU Bratislava) umoznia v blizkej buducnosti kate-
gorizovat uzemie Slovenska z hladiska typu, plosného rozsahu, casovych
zmien i intenzity znecistenia podzemnych vod. Tento koncept (typ vyuZitia
krajiny a jeho vplyv na zneéistovanie Zivotného prostredia) sa vSak bude
musiet uplatnovat i v pripade vymedzovania znecistenych oblasti na uzemi
Slovenska z hladiska celkového vplyvu Iudskych aktivit na Zivotné prostredie.

The number of exceeded limit values of analysed components divided as to
types of sampled groundwater sources is given in Tab. 3. The table suggests
that the worst contaminated water is in wells, drillholes, drainage systems
and mine adits. The highest concentrations and consequently also the highest
contamination factors for Al, As, Cd, Cu and Hg occur in effluents from
adits. Not surprisingly, the highest contamination degrees have been noted
in centres of human activities in lowlands and locally also in past or pre-
sent-day mining areas. The latter anomalies can be regarded as geogenic-
-man-made ones.

The results of our regional geochemical mapping along with those of the
SHMU’s (Slovak Institute of Hydrometeorology in Bratislava) groundwa-
ter-quality regional monitoring project will make it possible in the near
future to classify Slovakia’s territory into categories as to the type, areal
extent, changes in time and intensity of groundwater pollution. This con-

POROVI!ANIE VYBRANYCH UKAZOVATEEO\AI STN 75 7111 (PITNA VODA) TAB.3 COMPARISON OF SELECTED INDICES OF SLOVAK TECHNICAL STANDARD
A STUPNA ZNECISTENIA PODZEMNYCH VOD NO. 75 7111 (DRINKING WATER) AND CONTAMINATION DEGREE
VZORKOVEHO MATERIALU ATLASU OF GROUNDWATERS IN ATLAS’S SAMPLES
Hodnotené parametre Pocet prekrocenych limitnych hodnét
Assessed parameters Number of exceeded limit values
Podzemné vody v celku Pramene Studne Vrty Drenaze Stélne
Limitna hodnota Groundwater in total Springs Wells Boreholes Drainages Adits
Index Limit value n= 16359 n=_8857 n=5716 n=1537 n=198 n =51
(mg.I")
n % n % n % n % n % n %
Cq 0 5968 36,48% 1125 12,70% 3775 66,04 % 956 62,20% 91 45,96 % 21 41,18%
MIN./T.D.S. 1000 2188 13,37% 101 1,14% 1726 30,20% 336 21,86% 21 10,61% 4 7,84%
NO, 50 3277 20,03% 229 2,59% 2626 45,94% 390 25,37% 31 15,66 % 1 1,96%
Cl 100 1100 6,72% 42 0,47% 886 15,50% 160 10,41% 11 5,56 % 1 1,96%
SO, 250 738 4,51% 100 1,13% 469 8,21% 134 8,72% 26 13,13% 9 17,65%
F 15 16 0,10% 6 0,07% 6 0,10% 3 0,20% 0 0,00% 1 1,96 %
NH, 0,5 315 1,93% 150 1,69% 86 1,50% 62 4,03% 11 5,56 % 6 11,76 %
Fe 0,3 732 4,47 % 212 2,39% 241 4,22% 255 16,59 % 21 10,61% 3 5,88%
Mn 0,1 1988 12,15% 402 4,54% 1029 18,00% 508 33,05% 40 20,20% 9 17,65%
Al 0,2 170 1,04% 94 1,06% 55 0,96 % 14 0,91% 4 2,02% 3 5,88%
As 0,05 50 0,31% 31 0,35% 8 0,14% 7 0,46 % 1 0,51% 3 5,88%
Ba 1 9 0,06 % 3 0,03% 6 0,10% 0 0,00% 0 0,00% 0 0,00%
Cd 0,005 71 0,43% 26 0,29% 32 0,56 % 12 0,78% 0 0,00% 1 1,96 %
Cu 0,1 12 0,07% 1 0,01% 8 0,14% 2 0,13% 0 0,00% 1 1,96%
Cr 0,05 31 0,19% 15 0,17% 14 0,24% 1 0,07% 1 0,51% 0 0,00%
Hg 0,001 54 0,33% 24 0,27% 21 0,37% 7 0,46% 1 0,51% 1 1,96 %
Pb 0,05 5 0,03% 1 0,01% 4 0,07% 0 0,00% 0 0,00% 0 0,00%
Se 0,01 76 0,46 % 2 0,02% 64 1,12% 9 0,59% 1 0,51% 0 0,00%
Zn 5 115 0,70% 4 0,05% 95 1,66% 16 1,04% 0 0,00% 0 0,00%

6.2. Geochemicka charakteristika podzemnych vod
zakladnych hydrogeologickych celkov

Hodnoty celkovej mineralizacie podzemnych vod krystalinika su v niektorych
oblastiach v priemere len okolo 100mg.I"}. Ve'mi vyrazne zavisia od nadmor-
skej vysky a od rychlosti a dizky obehu podzemnych vod. Vo vrcholovych Gas-
tiach najvysich pohori (Tatry, Nizke Tatry) byvaji len okolo 30 mg.I™, lokalne
i menej, v pohoriach s nadmorskou vyskou pod 1000m (Malé Karpaty), do-
sahuji hodnoty aZ okolo 200 mg.I". Vo vieobecnosti su priemerné hodnoty
celkovej mineralizacie podzemnych vod krystalickych bridlic priblizne o 10%
vysSie neZ podzemnych vod granitoidov. Je to podmienené geomorfologickou
poziciou tychto komplexov, ked'Ze granitoidy su typické pre prevaznu vacsinu
vrcholovych partii horskych masivov budovanych krystalinikom.

Z hladiska vSeobecnych ukazovatelov sa stredné hodnoty ChSK,,, pohybuju
od 1,0 mg.I* do 1,5 mg.l}, o poukazuje na pomerne nizky stupeni kon-
taminacie podzemnych vod. Obsah agresivneho CO, sa pohybuje v intervale
od 13 mg.l? do 23 mg.IY. Preto, a zarovenn s ohladom na nizke hodnoty
celkovej mineralizacie sa podzemné vody krysStalinika pokladaju za tzv.
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cept (land-use type and its environmental impacts), however, will have to
be applied also to determine polluted areas in Slovakia as regards the ove-
rall impacts of human activites on the environment.

6.2. Geochemical Characteristics of Groundwaters
of Major Hydrogeologic Units

T.D.S. values in groundwaters in crystalline massifs are as low as about 100mg.I™.
They are clearly controlled by altitude and consequently by the speed and length
of groundwater circulation. In the summit sectors of the highest mountain ran-
ges such as Tatry and Nizke Tatry, T.D.S. is commonly about 30 mg.I* locally
even less, but in lower mountains whose altitudes do not exceed 1 000m (Malé
Karpaty) it attains as much as 200mg.]™. In general, T.D.S. values in ground-
waters in crystalline schists are by 10 %higher than those in granitoids. This can
be explained by the morphological position of both rock types as granitoids lar-
gely underlie summit parts of mountain ranges.

As far as general characteristics are concerned, COD,,, mean values range
from 1to 1.5mg.1"* suggesting a fairly low contamination degree of ground-



hladové, resp. agresivne vody. Koncentracie hlavnych prvkov su v nich
velmi nizke. Z katiénov prevladaju Ca a Mg, v anidénovej Casti su najviac
zastupené HCOg4, SO,, Cl a NO,. Pokial ide o zdroje makropolutantov, t. j.
foriem dusika, Cl a SO,, je to predovsetkym atmosféricka depozicia a lokalne
turistické a poI'nohospodarske aktivity. Obsah stopovych prvkov v podzem-
nych vodach krystalinika mozno vyjadrit tymito zakonitostami:
1. V prostredi krystalickych bridlic su vyssSie obsahy Zn, Cr a Al.
2. Ostatné stopové prvky maju priblizne rovnaké zastupenie v prostredi
granitoidnych hornin aj krystalickych bridlic.
V oblastiach s vyskytom rudnych formacii a asociacii sa najvyssie koncen-
tracie prakticky vSetkych stopovych prvkov zistili v podzemnych vodach
krystalinika Zapadnych Karpat.
V désledku pestrého litologického zloZenia paleozoika sa v jeho hydrogeo-
logickych celkoch stretavame s velmi pestrym a réznorodym chemickym
zloZenim podzemnych vod. Zastupené su v nich takmer vSetky zakladné
chemické a genetické typy podzemnych vod. Hodnota ich celkovej minera-
lizacie rastie v rade metamorfity — vulkanity — sedimenty a prevazuju rela-
tivne nizko mineralizované vody s celkovou mineralizaciou 100—200mg.I™.
Plosne najrozsirenejSim typom chemického zlozenia je Ca-Mg-HCO, typ
a len v oblastiach rozsiahlejSieho vyskytu sadrovcov, anhydritov a zvySenej
sulfidickej mineraliz4cie sa vyskytuju Ca-Mg-HCO4;-SO, a Ca-Mg-SO,-typy.
Pre takéto vody je charakteristicky aj niekol'konasobny narast hodnot celkovej
mineralizacie, najma v pripade vod s kontaktom s evaporitmi aj nad 1000mg.I™.
Stredné hodnoty koncentracie agresivneho CO, sa pohybuji od 13 mg.I* do
28 mg.l* a ChSK,,, v uzkom intervale okolo 2 mg.l™. Z hlavnych zloZiek
prevlada v podzemnych vodach zakladnych litotypov paleozoika Ca, dalej Mg
a Na, v anionovej ¢asti HCO,, SO, a NOj, s Cl, ktorych vysSie hodnoty svedcia
o antropogénnych zdrojoch (maximalne obsahy NO, st okolo 35 mg.l™).
Z vedIajsich prvkov su stredné hodnoty Mn a Fe okolo 0,03mg.I* a 0,05mg.1*
s lokalnymi maximami v oblasti vyskytu rudnych formacii a asociacii. Obsah
stopovych prvkov sa udrziava v prevazne uzkom rozmedzi koncentracii, napr.
priemerné hodnoty hlinika su okolo 0,17mg.I"}, zinku 0,04—0,06ng.I" a pod.
Hodnoty celkovej mineralizacie podzemnych vod mezozoika sa pohybuju
prevazne v rozpiti 300—500mg.I"* a veelku nevystupuju zasadné odlisnosti
medzi vodami z vapencov, dolomitov pripadne zo zmieSanych vapencovo-
-dolomitovych obehov. OdliSuju sa spravidla len hodnotou pomeru koe-
ficientu Mg/Ca (v eq), ktory pre podzemné vody z vapencov mavaju pod
0,25 { Cistych, hlavne organogénnych vapencoch aj pod 0,1) a podzemné
vody obiehajuce v dolomitoch nad 0,75.
Najniz§ie hodnoty celkovej mineralizacie podzemnych vod mezozoika
maju pieskovcovo-kremencovo-zlepencové stvrstvia (¢asto az pod hodnotu
50 mg.l™"). Priemerné hodnoty ChSK,,, sa pohybuju od 1,9 mg.l* do
2,4 mg.1". Hodnoty agresivneho CO, su vzhladom na prevladajice zastu-
penie karbonatov nizke aZ nulové. V hlavnych zlozkach takmer celého vy-
voja mezozoika prevlada v katibnovom zloZeni Ca a Mg a v aniénovom
HCO; a SO,. Vzhladom na zranitelné prostredie dosahuju koncentracie
dusiénanov hodnoty a7 39 mg.I* a NH, aj viac ako 1 mg.I". Typické pre
horninové prostredie je pomerne nizke zastupenie SiO, v podzemnych
vodach (okolo 10 mg.1™) a priemerné hodnoty stopovych prvkov sa udavaju
radovo v stotinach aZ tisicinach mg.1™. Typické st viak koncentracie baria,
ktorych stredné hodnoty sa pohybuju v intervale 0,03—0,08mg.I™.
Chemické zloZenie podzemnych vod flySového pasma zavisi od zastupenia jed-
notlivych litofacii, t. j. podielu pomeru ilovcov a pieskovcov v horninovom
prostredi kolektorov. NajnizSie priemerné hodnoty celkovej mineralizacie
(366 mg.I™") su charakteristické pre pieskovcovy vyvoj. Maximalne hodnoty
mineralizacie zavisia od plosSnych, resp. lokalnych zdrojov kontaminacie
a dosahuju az 2000 mg.I"Y. Hodnoty ChSK,,, sa v zavislosti od antropo-
génneho vplyvu pohybuji od 1,8 mg.I* do 5, 6 mg.1™. Prevazna vicésina pod-
zemnych vod nevykazuje agresivny CO,. Z hlavnych zloziek okrem Ca a Mg
je podstatne zastipeny aj sodik. V anionovej Casti okrem dominujuceho
HCOg, v oblastiach s vyssim vyskytom sulfidickej siry su sirany aniénom
s rovnakym obsahom. Z hlavnych zloziek su lokalne vysoko zastupené chlo-
ridy (az 120 mg.1™), ktorych zvySené obsahy v tomto prostredi maju geo-
génny charakter a pochadzaju z rozptylu podzemnych vod hlbsich obehov.
Vo flySovom pasme su v mnohych pripadoch vytvorené anoxické podmienky,
ktoré zapric¢inuju zvySenu koncentraciu vedlajSich zloziek, najmi Zeleza
a manganu, v extrémnych pripadoch aj tvorbu sulfanu (H,S). Zo stopovych
prvkov ma najvysSie zastupenie v tomto prostredi zinok, ostatné stopové
prvky sa pohybuju v koncentraciach tisicin aZ desattisicin mg.1™.
Podzemné vody viazané na bradlové pasmo maju hodnoty celkovej mi-
neralizacie v rozmedzi 220 mg.I*—1200mg.1* v zavislosti od zastipenia

waters. Aggressive CO, content varies between 13 and 23 mg.1™. Because
of their low T.D.S., groundwaters in the crystalline massifs are referred to
as so-called ,hungry or aggressive waters“. Concentrations of major ele-
ments are extremely low. Cations are dominated by Ca and Mg, whereas
main anions include HCO,, SO,, Cl and NO,. Chief sources of macro-
pollutants (N forms, Cl and SO,) comprise atmospheric deposition and
local tourist and agricultural activities. Trace-element concentrations in
groundwaters are characterized by the following regularities:
a) Zn, Cr and Al concentrations are higher in crystalline schists
b) concentrations of the other trace elements in granitoid rocks roughly
equal those in crystalline schists.
The highest concentrations of virtually all trace elements in groundwaters
of the West Carpathian crystalline massifs occur in the vicinity of ore
occurrences.
Variegated lithology in Paleozoic hydrogeologic units gave rise to extremely
variegated and diverse groundwater chemistry. It consists virtually of
all basic chemical and genetic types of groundwaters. T.D.S. values
in groundwaters of the Paleozoic mostly range from 100 to 200 mg.I*
and increase from metamorphosed rocks through volcanics to sediments.
The most widely distributed chemical type is Ca-Mg—HCO.,.
Ca—Mg-HCO;—S0, and Ca-Mg—SO, types occur only near major
gypsum and anhydrite occurrrences or sulphide mineralization. T.D.S. of
these waters is usually several times the normal one, sometimes even over
1000mg.1* especially when the water contacts evaporites.
Mean concentrations of aggressive CO, are 13—28 mg.I'* and COD,,,
oscillates closely around 2 mg.I™t. Major components in Paleozoic ground-
waters comprise Ca, Mg and Na as well as anions HCO,, SO,, NOzand Cl
whose increased concentrations are related to human activities (maximum
NO, concentrations are approx. 35 mg.l™"). As regards minor elements,
mean contents of Fe and Mn are around 0.05and 0.03 mg.I", respecti-
vely, local highs being located largely near ore occurrences. Trace-element
concentrations are usually monotonous, e.g. average concentrations of
aluminium are around 0.17 mg.I* and those of zinc between 0.04 and
0.06mg.I™
In the Mesozoic, T.D.S. varies mostly from 300 to 500 mg.l*. No
major differences between waters from limestones, dolomites and
mixes limestone-dolomite circulations have been noted. They differ
only in their Mg/Ca coefficients (in eq. %) which are below 0.25in
groundwaters from limestones (even below 0.1 in pure, notably orga-
nogenic limestones) and above 0.75 in groundwaters circulating in
dolomites.
The lowest T.D.S. values in the Mesozoic (often below 50 mg.1™) occur in
sandstone-quartzite-conglomerate formations. Average COD,,, values
amount to 1.9—2.4mg.I". Aggressive CO, concentrations are low or none
owing to the huge presence of carbonates. Throughout the Mesozoic, ca-
tions are dominated by Ca and Mg, and anions by HCO; and SO,. Because
of the vulnerable environment, nitrate concentrations attain as much as
39mg.I" and NH,over 1 mg.I™". Groundwaters here typically contain little
silica (app. 10 mg.l™") and average concentrations of trace elements are
a mere thousandths or hundredths of mg.I'*. Barium contents are fairly
high, their mean values being 0.03—0.08mg.I™.
Groundwater chemistry in the Flysch Belt depends on the presence of in-
dividual lithofacies, i.e. share of claystones and sandstones in a given aqui-
fer. The lowest T.D.S. values (366 mg.1™) are characteristic of sandstone
facies. On the other hand, maximum T.D.S. values (up to 2000mg.I"") are
bound to areal or local sources of contamination. COD,, values vary from
1.8 to 5.6 with respect to human-related impacts. The vast majority of
groundwaters is devoid of aggressive CO,. In addition to Ca and Mg,
major components include also Na. Anions are dominated by HCO, but
sulphates are equally abundant in the vicinity of sulphide occurrences.
High chloride contents (as much as 120 mg.I™") are of geogenic origin as
they come from deeper groundwaters dispered in the first aquifer. Widely
distributed in the Flysch Belt, anoxic environments gave rise to increased
concentrations of minor elements, notably iron and manganese, some-
times even hydrogen sulphide (H,S). Zinc is the most abundant trace ele-
ment, concentrations of the others are as little as thousandths or ten-
thousandths of mg.1™
Groundwaters in the Klippen Belt have T.D.S. between 220and 1200mg.I ™.
It is controlled mainly by the percentage of carbonate and sandy-clayey-
-carbonate lithofacies. COD,,, values vary around 2 mg.l", locally around
man-made sources up to 14 mg.I. The vast majority of groundwaters is
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karbonatovej a piescito-ilovito-karbonatovej litofacie. Hodnoty ChSK,,, sa po-
hybuju okolo 2 mg.I*, lokalne v pripade antropogénnych zdrojov do 14 mg.1™.
Prevazna vicsina podzemnych vod na zéaklade strednych hodnot nevykazuje
agresivny CO,. V kationovom zloZeni podzemnych vod absolutne prevazuje Ca
a Mg, v aniénovom zloZeni hydrogénuhliCitany a sirany. Z vodohospodarsky
vyznamnych zloZiek dosahuju dusi¢nany koncentracie do 40 mg.I* a maxi-
malny obsah NH, je okolo 1,4 mg.I". Zo stopovych prvkov sa obsah hlinika
pohybuje okolo 0,1 mg.1?, zinku 0,02mg.I* a baria 0,1 mg.I"%. Ostatné stopové
prvky sa pohybuju v koncentraciach radovo stotin aZ tisicin mg.I™.

Chemické zlozenie podzemnych vod viazanych na horninové prostredie
vnutrokarpatského paleogénu je podobné zloZeniu podzemnych vod flySo-
vého pasma. MozZno povedat, Ze hlavnym rozdielom je vac¢si podiel antro-
pogénnych zdrojov znecistenia, pretoze paleogén je typicky pre vnutrohor-
ské depresie s vi¢Sou koncentraciou osidlenia a priemyslu. Hodnota celko-
vej mineralizacie podzemnych vod sa pohybuje v intervale 370—560mg.1?,
lokalne dosahuje hodnoty nad 1 000mg.I. Vplyv antropogénnych zdrojov
odraza hodnota ChSK,,,, ktora lokadlne dosahuje koncentracie okolo
10 mg.I™. Obsahy agresivneho CO, nie si vo vieobecnosti vysoké, ¢o je
prejavom vplyvu karbonatového tmelu pritomného v litofaciach paleogénu.
Zo zékladnych zloZiek prevlada vapnik a horcik, v anidnovom zloZeni pod-
zemnych vod hydrogénuhliCitany a sirany. Typické su aj lokalne zvySené
obsahy sodika najmi vo flySovom vyvoji paleogénu. Priemerné obsahy
dusi¢nanov sa pohybuju okolo 9 mg.I", lokalne do 40 mg.I. Zo stopovych
prvkov maju najvyssie zastupenie hlinik a zinok.

Podzemné vody sedimentarneho neogénu maju hodnoty celkovej mineralizacie
v rozmedzi od 130mg.I"t do 2 700mg.I™. Tento velky rozdiel je sposobeny roz-
licnym vyvojom tohto komplexu. Nizke hodnoty su typické pre ilovito-Strkovity
vyvoj, stredné hodnoty pre bazalny neogén a vysoké hodnoty su zapricinené
antropogénnymi zdrojmi s lokalnym aj ploSnym vyznamom. Podla toho sa
koncentracia ChSK,,, pohybuje v rozpiti 1—38mg.I". Podzemné vody su tu
malo agresivne. Z hlavnych zloziek prevlada Ca a Mg a vo vyznamnej miere sa
na chemickom zlozZeni zicastnuje Na. V anionovej ¢asti chemického zloZenia
podzemnych vod previadda HCO, a SO,. DalSou vyznamnou geogénnou zloz-
kou je obsah chloridov. V antropogénne neovplyvnenych podzemnych vodach
sa obsah dusi¢nanov pohybuje okolo 10 mg.1?, ale v ovplyvnenych, a to najméi
v hydrogeologickych Strukturach pies¢ito-ilovito-Strkovitého vyvoja neogénu, je
obsah dusi¢nanov enormne vysoky (median 93,3mg.I" s maximalnou hodno-
tou az 862,7mg.I"). Obsah vedlajsich prvkov vyrazne zavisi od kontaminacie
podzemnych vod. V antropogénne ovplyvnenych vodach obsahy stopovych
prvkov radovo prevySuju ich hodnoty vo vodach neovplyvnenych.

Podzemné vody vulkanickych neogénnych formacii maju hodnoty celkove;j
mineralizacie v Sirokom rozmedzi 60—1900mg.1%, pri¢om je zaujimavé, Ze
najvysSie hodnoty su viazané na zrudnené oblasti, a nie na antropogénne
ovplyvnené podzemné vody. Hodnoty ChSK,,, sa pohybuju v rozpati 2—
5 mg.I"t. Obsahy agresivneho CO, su zvysené (stredné obsahy od 5 mg.I*
do 16 mg.I"). Z hlavnych zlozZiek dominuje v kationovom zloZeni Ca a Mg
s lokalnymi prejavmi zvySeného obsahu sodika, v anionovej ¢asti hydrogén-
uhli¢itany, priCom v pripadoch podzemnych vod viazanych na efuzivne vul-
kanické horniny so zrudnenim dominuju sirany.

Vel'mi typickou zlozkou podzemnych vod viazanych na vulkanicky neogén je
obsah SiO,, ktorého stredné koncentracie sa pohybuju okolo 50 mg.1™ (s vy-
nimkou vulkanickych efuziv so zrudnenim). Zo stopovych prvkov je zaujimavy
obsah hlinika, ktory miestami dosahuje aZ 58 mg.I. Na oblasti vyskytu rud-
nych formacii a asociacii sa viazu aj lokalne anomalie stopovych prvkov.
Podzemné vody kvartérnych sedimentov majui najvacsiu priestorova variabi-
litu chemického zloZenia a mozno povedat, Ze su aj najviac antropogénne
ovplyvnené. Priemerné hodnoty celkovej mineralizacie sa v nich pohybuju
vo vel'mi Sirokom intervale od 50 mg.I"* do 112mg.I* (pre glacigénne a gla-
cifluvialne sedimenty) aZ po priemerné hodnoty 600—1000mg.1™ (pre flu-
vialne sedimenty rieCnych niv a niZinné sedimenty s hydraulickym vztahom
k povrchovym tokom). V pripade kvartérnych sedimentov, kde hlavnym
zdrojom doplhania podzemnych vod su atmosférické zrazky, sa hodnota
celkovej mineralizacie pohybuje okolo 235 mg.I?. Z hladiska vyuZivania
podzemnych vod maju najvacsi vyznam kvartérne sedimenty Podunajske;j
niziny, ktoré v centre depresie dosahuju mocnost az 400—450m.
Vseobecne mozno konStatovat, Ze podzemné vody prvého zvodneného hori-
zontu, resp. nenasytenej zony v kvartérnych sedimentoch su kontaminované.
Sved¢ia o tom aj hodnoty skupinovych ukazovatelov. Napriklad ChSK,,,
dosahuje maximalnu koncentraciu aZ 40 mg.I* a hodnoty pH sa pohybuju
v slabo alkalickej oblasti. Z tohto hladiska si najmenej kontaminované
glacigénne a glacifluvialne sedimenty, najméa v horskych oblastiach, kde sa
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devoid of aggreessive CO,. Cations in these groundwaters are vastly domi-
nated by Ca and Mg, and anions by bicarbonates and sulphates. As
regards components significant from a water-management point of view,
nitrate concentrations attain up to 40 mg.l™" and the maximum NH,
content is 1.4 mg.l™. As to trace elements, aluminium concentrations are
about 0.1 mg.l?, zinc 0.02 mg.l? and barium ones 0.1 mg.l?. Con-
centrations of the other trace elements amount to thousandths or hun-
dredths of mg.1 ™

Chemical composition of groundwaters in the Inner Carpathian Paleogene
is similar to that in the Flysch Belt. The only substantial difference is only
a higher percentage of man-made sources of pollution because the Paleo-
gene typically underlies fairly densely populated and industrialized inter-
montane depressions. T.D.S. of groundwaters varies from 370to 560mg.I*%,
locally exceeding 1000 mg.I"t. The presence of man-made sources is ref-
lected by COD,,, values which sometimes attain around 10 mg.l™. Con-
tents of aggressive CO, are generally low due to carbonate cement in Pa-
leogene lithofacies. Major components are dominated by calcium and mag-
nesium. Bicarbonates and sulphates are the most plentiful anions in
groundwaters. Sodium contents are locally increased, notably in the flysch
lithofacies of the Paleogene. Average contents of nitrates vary around
9 mg.I"%, locally reach up to 40 mg.I*. Aluminium and zinc are the most
abundant trace elements.

Groundwaters in Neogene sediments have T.D.S. between 130 and
2700 mg.I't. Such big differences are caused by diverse lithofacies of
Neogene sediments. Low values typically occur in clayey-gravelly litho-
facies, medium in basal Neogene sediments and high near man-made
sources of local or areal importance. Associated COD,,, values range
from 1 to 38 mg.l". Groundwaters here are little aggressive. Major com-
ponents are dominated by Ca, Mg and Na. HCO;and SO, are the most
abundant anions in these groundwaters. Another significant geogenic
component is chlorides. Nitrate concentrations in groundwaters unaffec-
ted by human activity vary around 10 mg.1', but in contaminated ground-
waters, particularly in sandy-clayey-gravelly lithofacies, the concentra-
tions are enormously high as median is 93.3mg.I"* and maximum content
as much as 862.7mg.I"*. Contents of minor elements are controlled by
groundwater contamination. Concentrations of trace elements in ground-
waters polluted by human activity are several times higher than in un-
affected ones.

Groundwaters in Neogene volcanic formations have T.D.S. between 600
and 1900 mg.I. Interestingly, the highest concentrations are found in
mineralized areas and not in groundwaters affected by human activity.
COD,,, values are 2—5 mg.I"Y. Contents of aggressive CO, are increased,
their mean values ranging from 5to 16 mg.l™. Ca and Mg are predominant
major cations, sodium contents are increased locally. Anions consist mos-
tly of bicarbonates, but sulphates are also widespread, notably in ground-
waters associated with effusive volcanics.

Groundwaters bound to Neogene volcanics are typically rich in silica
whose mean contents are around 50 mg.1™ except in mineralized effusives.
As to trace elements, aluminium contents up to 58 mg.I* are noteworthy.
Ore occurrences gave rise to local anomalies of trace elements.

Chemical composition of groundwaters in Quaternary sediments is the
most variable in space and is most affected by human activities. Average
T.D.S. values range widely from 50—112mg.l"* in glagial and glacio-
fluvial sediments to 600—1 000mg.1"* in fluvial sediments of flood pla-
nes and lowland sediments hydraulically connected with surface
streams. Quaternary deposits recharged mostly by meteoric precipita-
tion have T.D.S. around 235 mg.l'. As regards groundwater exploita-
tion, Quaternary deposits as much as 400—450m thick are of prime
importance.

In general, we may conclude that groundwaters of the first aquifer or
aeration zone in Quaternary sediments are contaminated. In addition
to other evidence, this is suggested also by some group indices, such as
COD,,, up to 40 mg.I"* and slightly alkaline pH. Least polluted are gla-
cial and glaciofluvial sediments mainly in mountain areas devoid of
man-made sources of contamination. Cations are dominated by Ca,
Mg, and often also by Na mostly in so-called fluviogenic waters
(groundwaters directly hydraulically connected with a surface stream).
Bicarbonates are the most widespread anions, but suplhates, chlorides
and nitrates are widespread as well, in highly contaminated waters they
even affect the water type. As regards minor components, iron and man-
ganese concentrations in anoxic environments exceed 1 mg.I*. Higher



nevyskytuju zdroje antropogénnej kontaminacie. V katidbnovom zloZeni
dominuje Ca a Mg, v mnohych pripadoch, spravidla pri tzv. fluviogénnych
vodach (podzemné vody s priamym hydraulickym vzfahom k povrchovym
tokom) je dalSou podstatnou zlozkou sodik. V aniénovej ¢asti si dominuju-
cou zloZkou hydrogénuhli¢itany, ale v podstatnej miere sa tu uplatiuju aj
sirany, chloridy a dusi¢nany, ktoré sa vo vel'mi antropogénne ovplyvnenych
vodach prejavuju aj typovo. Z vedlajSich zloziek je v niektorych oblastiach
s podmienkami anoxického prostredia zastupené Zelezo a mangan v kon-
centraciach prevySujucich 1 mg.I™". Vyssie hodnoty agresivneho CO, su ty-
pické pre podzemné vody glacigénnych a glacifluvialnych sedimentov. Obsah
stopovych prvkov je vo vac¢Sine pripadov v podzemnych vodach kvartérnych
sedimentov podmieneny antropogénnymi zdrojmi. Najniz§ie priemerné ob-
sahy stopovych prvkov maju podzemné vody glacigénnych a glacifluvialnych
sedimentov, pricom v prevaznej vacsSine pripadov ma najvyssie koncentracie
hlinik a zinok.

concentrations of aggressive CO, are typical of groundwaters in glacial
and glaciofluvial sediments. Trace-element concentrations in ground-
waters of Quaternary deposits are largely of man-made origin. The
lowest average concentrations of trace elements occur in groundwaters
of glacial and glaciofluvial sediments. Aluminium and zinc have the hig-
hest contents.
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 4

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody krystalinika
Groundwaters of the crystaline unit

Granitoidy (n = 734)
Granitoids (n = 734)

Podzemné vody krystalinika
Groundwaters of the crystaline unit

Krystalickeé bridlice (n = 514)
Crystalline schists (n = 514)

Podzemné vody krystalinika
Groundwaters of the crystaline unit

Granity + zrudnenie (n = 17)
Granitoids + metallic ore mineralization (n = 17)

Mean Median Sta'.‘d?rd Min. Max. Mean Median Star]de_ird Min. Max. Mean Median Sta’.‘d’?‘rd Min. Max.
Deviation Deviation Deviation

pH 6,83 6,80 0,59 4,26 8,30 6,98 6,91 0,59 2,36 8,40 747 7,35 0,40 6,65 8,16
Mineralizacia / T.D.S. 112,13 95,52 66,36 14,95 432,91 120,85 100,17 74,80 24,59 641,94 136,24 109,55 71,46 56,04 289,83
Ca+Mg (mmol.I") 0,504 0,426 0,339 0,06 2,38 0,564 0,445 0414 0,080 3,189 0,733 0,600 0,408 0,260 1,600
Tvrdost / Hardness (°N) 2,561 2,061 1,877 0,177 13,330 2,946 2,241 2,208 0,000 17,860 3,896 3,361 2,126 1,457 8,420
Vodivost / Conductivity (uS.cm™) | 126,1 108,0 76,5 13,0 550,0 132,4 1110 839 230 630,0 158,8 129,0 86,9 66,0 363,0
Volny CO, / Free CO, (mmol.I") 0,31 0,15 0,39 0,00 3,00 034 0,15 1,14 0,00 21,75 0,09 0,10 0,04 0,05 0,20
0, 8,2 8,6 2,3 0,7 13,4 8,2 85 2,3 11 132 98 10,4 2,0 29 116
ChSK,, / COD , 2,05 1,52 1,78 0,24 16,32 2,06 1,60 1,62 0,32 17,44 1,15 1,04 0,44 0,64 1,84
Li 0,004 0,001 0,008 0,001 0,100 0,003 0,001 0,006 0,001 0,066 0,004 0,002 0,007 0,001 0,029
Na 4,50 3,65 3,56 0,10 33,00 431 3,60 2,95 0,05 21,00 4,23 1,90 7,43 1,30 32,40
K 1,36 1,10 1,19 0,05 13,60 1,17 0,90 1,17 0,05 17,20 0,76 0,80 0,38 0,30 1,80
NH, 0,086 0,025 0,162 0,025 1,560 0,044 0,025 0,059 0,025 0,540 0,028 0,025 0,013 0,025 0,080
Ca 14,28 12,02 9,85 1,20 62,52 14,47 11,06 11,44 1,60 86,73 18,27 15,23 9,36 721 36,07
Mg 3,58 2,92 2,72 0,50 22,36 4,92 3,89 3,77 0,50 34,83 6,74 511 4,73 1,22 17,51
Sr 0,082 0,070 0,064 0,005 0,770 0,079 0,050 0,282 0,005 5,000 0,491 0,120 0,787 0,010 2,690
Fe 0,047 0,010 0,208 0,005 4,942 0,095 0,010 0,787 0,005 11,400 0,011 0,005 0,010 0,005 0,040
Mn 0,009 0,003 0,036 0,003 0,788 0,016 0,003 0,100 0,003 1,693 0,004 0,003 0,004 0,003 0,020
F 0,07 0,05 0,12 0,05 3,00 0,08 0,05 0,15 0,05 3,00 0,05 0,05 0,00 0,05 0,05
Cl 3,22 2,13 3,68 0,18 40,78 3,30 2,30 3,63 0,35 35,46 1,29 124 0,26 0,89 1,95
SO, 2317 17,59 18,22 041 112,50 21,49 15,31 24,71 0,74 364,84 33,00 22,30 28,10 5,76 89,54
NO, 591 3,50 714 0,25 38,90 575 3,50 7,23 0,25 39,80 2,59 1,20 2,64 0,25 8,70
PO, 0,045 0,005 0,118 0,005 1,500 0,026 0,005 0,074 0,005 1,440 0,244 0,110 0,397 0,005 1,350
HCO, 36,76 25,63 3291 1,83 220,27 45,59 32,04 42,55 0,00 433,24 55,92 40,27 31,02 24,41 130,58
H,SiO, 18,69 17,09 10,09 0,78 74,69 19,20 17,89 8,85 2,30 68,53 12,02 11,60 1,76 9,68 15,61
agr. CO, / aggr. CO, 23,32 23,32 13,66 0,00 72,60 24,69 24,86 13,09 0,00 75,90 15,96 12,32 12,26 0,00 49,06
Cr 0,0011 0,0003 0,0039 0,0003 0,0700 0,0013 0,0003 0,0077 0,0003 0,1640 0,0003 0,0003 0,0002 0,0003 0,0009
Cu 0,0009 0,0006 0,0014 0,0003 0,0240 0,0011 0,0006 0,0032 0,0003 0,0670 0,0006 0,0003 0,0004 0,0003 0,0015
Zn 0,0295 0,0030 0,3123 0,0005 7,9860 0,0119 0,0040 0,0427 0,0005 0,6770 0,0014 0,0005 0,0022 0,0005 0,0090
As 0,0017 0,0005 0,0064 0,0005 0,1160 0,0020 0,0005 0,0057 0,0005 0,0940 0,1397 0,0350 0,2326 0,0085 0,8875
Cd 0,0008 0,0003 0,0142 0,0003 0,3850 0,0004 0,0003 0,0006 0,0003 0,0062 0,0005 0,0003 0,0005 0,0003 0,0017
Se 0,0007 0,0005 0,0004 0,0005 0,0034 0,0006 0,0005 0,0003 0,0005 0,0030 0,0009 0,0005 0,0006 0,0005 0,0027
Pb 0,0011 0,0005 0,0051 0,0005 0,1350 0,0009 0,0005 0,0015 0,0005 0,0200 0,0016 0,0005 0,0031 0,0005 0,0130
Hg 0,0001 0,0001 0,0001 0,0001 0,0011 0,0001 0,0001 0,0000 0,0001 0,0005 0,0001 0,0001 0,0000 0,0001 0,0003
Ba 0,0588 0,0300 0,1015 0,0050 1,4500 0,0350 0,0100 0,0729 0,0050 1,0500 0,0479 0,0300 0,0579 0,0050 0,2000
Al 0,1912 0,0500 0,4558 0,0050 5,8200 0,2643 0,0900 0,5887 0,0050 6,7600 0,0409 0,0300 0,0358 0,0050 0,1200
Sb 0,0002 0,0001 0,0005 0,0001 0,0110 0,0003 0,0001 0,0006 0,0001 0,0071 0,3517 0,0380 0,6647 0,0015 2,3500

Udaje st v mg.I" s vynimkou vyznaéenych jednotiek a pH
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Note: data in mg.I" except for pH and otherwise stated



ZAKLADNE STATISTICKE CHARAKTERISTIKY TAB. 5 BASIC STATISTICAL CHARACTERISTICS

CHEMICKEHO ZLOZENIA PODZEMNYCH VOD REGARDING GROUNDWATER CHEMISTRY
Podzemné vody krystalinika Podzemné vody krystalinika Podzemné vody krystalinika
Groundwaters of the crystaline unit Groundwaters of the crystaline unit Groundwaters of the crystaline unit
Granitoidy + antropogénny vplyv (n = 37) Krystalické bridlice + zrudnenie (n = 22) Krystalické bridlice + antropogénny vplyv (n = 9)
Granitoids + anthropogenic influence (n = 37) Crystalline schists + metallic ore mineralization (n = 22) | Crystalline schists + anthropogenic influence (n = 9)
Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max.
Deviation Deviation Deviation
pH 6,36 6,40 0,54 541 7,78 7,33 7,55 1,09 2,86 8,16 6,53 6,70 0,70 512 7,35
Mineralizécia / T.D.S. 331,19 302,82 190,29 130,72 893,31 268,90 109,09 318,43 44,44 |1220,05 247,10 206,22 97,82 146,88 446,70
Ca+Mg (mmol.I") 1,587 1,440 0,898 0,580 3,930 1,539 0,576 1,861 0,210 5,821 1,126 0,900 0,495 0,640 2,142
Tvrdost / Hardness (°N) 5,804 4121 5,159 0,883 18,441 6,152 2,989 8,140 0,000 31,852 4,113 3,238 3,262 1,236 11,997
Vodivost / Conductivity (uS.cm™) | 373,5 352,0 206,4 144,0 980,0 302,3 123,0 346,5 52,0 1250,0 | 272,6 226,0 107,9 173,0 496,0
Volny CO, / Free CO, (mmol.I") 0,89 0,70 0,49 0,05 2,10 0,27 0,10 0,54 0,05 2,60 0,68 0,60 0,46 0,08 1,35
0, 6,5 6,9 25 19 14 8,6 9,2 24 19 114 78 7,6 18 4,6 10,5
ChSKy, / COD , 1,90 1,60 1,22 0,48 4,96 1,68 1,32 0,91 0,64 4,08 1,44 1,36 0,83 0,48 2,80
Li 0,012 0,005 0,016 0,001 0,079 0,008 0,002 0,017 0,001 0,077 0,010 0,009 0,008 0,001 0,026
Na 18,63 13,00 17,08 3,60 83,75 3,75 2,55 321 0,70 13,30 15,17 12,50 10,49 5,30 39,20
K 7,54 3,00 20,02 0,30 114,00 1,32 0,75 1,48 0,20 5,60 6,62 2,90 8,57 0,40 26,40
NH, 0,042 0,025 0,040 0,025 0,160 0,083 0,025 0,145 0,025 0,660 0,033 0,025 0,016 0,025 0,070
Ca 44,32 38,96 24,24 14,43 100,40 36,14 16,43 39,05 5,61 125,05 27,24 21,24 13,25 13,63 53,75
Mg 11,69 9,73 7,54 3,38 36,72 15,50 4,75 23,03 1,46 74,42 10,85 9,24 4,08 6,57 19,48
Sr 0,232 0,210 0,108 0,005 0,480 0,244 0,090 0,468 0,020 2,070 0,153 0,140 0,059 0,090 0,250
Fe 0,043 0,005 0,094 0,005 0,448 0,489 0,010 1,767 0,005 8,065 0,011 0,005 0,014 0,005 0,047
Mn 0,028 0,003 0,062 0,003 0,295 0,097 0,003 0,345 0,003 1,611 0,016 0,003 0,027 0,003 0,087
F 0,09 0,05 0,06 0,05 0,35 0,07 0,05 0,05 0,05 0,24 0,06 0,05 0,04 0,05 0,16
Cl 36,07 22,87 44,65 2,13 228,30 351 1,87 5,53 0,71 26,95 35,83 34,93 23,93 9,75 79,42
SO, 52,69 42,47 36,06 4,77 127,15 94,00 17,74 139,17 6,75 435,57 21,63 19,34 14,81 6,09 55,88
NO; 61,00 47,00 39,60 27,10 243,70 3,20 3,75 2,32 0,25 7,10 58,66 63,10 27,53 6,70 108,90
PO, 0,132 0,040 0,200 0,005 0,680 0,119 0,045 0,243 0,005 1,150 0,056 0,005 0,064 0,005 0,150
HCO, 67,94 42,71 64,86 9,15 216,61 75,44 45,46 82,32 0,00 330,11 45,29 33,56 40,77 12,81 147,05
H,SiO; 30,09 31,59 11,48 9,92 58,02 17,42 12,82 14,55 5,85 68,53 25,03 28,82 8,42 10,57 3571
agr.CO, / aggr. CO, 29,77 3344 16,09 0,00 56,10 13,93 14,85 10,79 0,00 40,70 31,73 30,58 20,87 0,00 73,26
Cr 0,0006 0,0003 0,0006 0,0003 0,0027 0,0012 0,0003 0,0028 0,0003 0,0131 0,0005 0,0003 0,0003 0,0003 0,0009
Cu 0,0017 0,0011 0,0021 0,0003 0,0118 0,0116 0,0006 0,0385 0,0003 0,1720 0,0008 0,0008 0,0004 0,0003 0,0015
Zn 0,3917 0,0160 1,3172 0,0005 74000 | 16,9940 0,0030 | 79,5150 0,0010 | 373,0000 0,1460 0,0080 0,2800 0,0010 0,6960
As 0,0009 0,0005 0,0009 0,0005 0,0038 0,0718 0,0245 0,1716 0,0005 0,8200 0,0008 0,0005 0,0007 0,0005 0,0025
Cd 0,0006 0,0003 0,0018 0,0003 0,0109 0,0013 0,0003 0,0027 0,0003 0,0129 0,0003 0,0003 0,0000 0,0003 0,0003
Se 0,0005 0,0005 0,0001 0,0005 0,0010 | 10,0009 0,0008 0,0005 0,0005 0,0020 0,0007 0,0005 0,0002 0,0005 0,0010
Pb 0,0014 0,0005 0,0029 0,0005 0,0160 | 10,0015 0,0005 0,0025 0,0005 0,0110 0,0007 0,0005 0,0003 0,0005 0,0010
Hg 0,0001 0,0001 0,0001 0,0001 0,0003 0,0001 0,0001 0,0000 0,0001 0,0002 0,0001 0,0001 0,0000 0,0001 0,0001
Ba 0,1242 0,1000 0,0867 0,0050 0,4600 | 10,0357 0,0250 0,0305 0,0050 0,1000 0,0478 0,0400 0,0395 0,0050 0,1100
Al 0,1334 0,0600 0,2110 0,0050 1,1500 0,3841 0,0500 1,0264 0,0050 4,7900 0,2467 0,1200 0,4596 0,0100 1,4600
Sb 0,0002 0,0001 0,0002 0,0001 0,0009 0,0177 0,0030 0,0424 0,0001 0,1910 0,0002 0,0001 0,0002 0,0001 0,0007
Udaje su v mg.I'" s vynimkou vyznaéenych jednotiek a pH Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 6

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody paleozoika
Groundwaters of the Paleozoic

Sedimentarne horniny (n = 167)
Sedimentary rocks (n = 167)

Podzemné vody paleozoika
Groundwaters of the Paleozoic

Metamorfované horniny (n = 258)
Metamorphic rocks (n = 258)

Podzemné vody paleozoika
Groundwaters of the Paleozoic

Vulkanogénne horniny (n = 147)
Volcaniv rocks (n = 147)

Mean Median Sta'.‘d’f“d Min. Max. Mean Median Star]de_ird Min. Max. Mean Median Sta'.‘d’?‘rd Min. Max.
Deviation Deviation Deviation

pH 7,45 7,45 0,51 6,01 9,89 712 7,08 0,70 4,93 9,17 7,25 7,15 0,60 5,65 8,43
Mineralizacia / T.D.S. 250,70 210,90 157,10 47,80  [1190,30 122,20 94,80 79,30 32,10 418,10 152,40 126,30 96,90 39,50 595,10
Ca+Mg (mmol.I") 1,427 1,220 1,005 0,210 7,997 0,633 0,440 0,516 0,089 2,941 0,829 0,645 0,638 0,100 4,101
Tvrdost / Hardness (°N) 7,909 6,333 5,695 0,589 44,786 3,249 2,314 2,799 0,177 13,953 4,566 3,584 3,625 0,559 22,964
Vodivost / Conductivity (uS.cm™) | 274,2 237,0 162,0 54,0 959,0 136,4 104,0 92,2 27,0 487,0 1733 147,0 110,4 37,2 685,0
Volny CO, / Free CO, (mmol.I") 0,24 0,15 0,27 0,00 1,66 0,23 0,15 0,30 0,00 3,00 0,22 0,15 0,23 0,00 1,95
0, 75 78 25 1,0 13,6 85 89 2,2 12 135 8,4 8,6 2,3 2,7 135
ChSKy, / COD y, 2,10 1,52 1,98 0,32 18,72 2,29 1,84 1,58 0,16 11,92 2,19 1,68 151 0,48 8,88
Li 0,004 0,002 0,007 0,001 0,085 0,002 0,001 0,002 0,001 0,018 0,003 0,001 0,004 0,001 0,031
Na 5,08 3,50 4,52 0,40 23,70 3,49 2,80 2,32 0,50 14,50 3,69 3,00 2,79 0,50 20,00
K 1,30 0,90 2,02 0,05 18,80 1,12 0,70 2,49 0,05 33,90 0,95 0,80 0,71 0,05 4,60
NH, 0,059 0,025 0,208 0,025 2,600 0,071 0,025 0,162 0,025 1,580 0,078 0,025 0,195 0,025 1,480
Ca 35,20 29,26 23,73 3,61 132,26 14,67 10,52 12,43 1,76 66,53 19,90 16,43 13,75 1,60 69,74
Mg 13,35 10,21 16,70 1,22 190,06 6,48 4,38 6,66 0,50 51,56 8,09 4,62 9,31 1,02 71,01
Sr 0,109 0,070 0,178 0,005 2,070 0,049 0,040 0,053 0,005 0,470 0,070 0,040 0,100 0,005 0,710
Fe 0,065 0,010 0,256 0,005 2,280 0,088 0,010 0,549 0,005 6,900 0,056 0,005 0,260 0,005 3,000
Mn 0,039 0,003 0,138 0,003 1,037 0,038 0,003 0,253 0,003 3,240 0,035 0,003 0171 0,003 1,720
F 0,10 0,05 0,09 0,05 0,80 0,09 0,05 0,19 0,05 3,00 0,07 0,05 0,05 0,05 0,33
cl 5,34 319 6,56 1,06 38,29 3,64 2,48 3,45 0,89 27,66 3,72 2,48 5,30 0,89 50,70
SO, 30,54 24,77 24,63 2,80 209,37 23,26 17,17 24,84 2,26 241,26 24,35 20,04 18,42 2,47 148,22
NO, 6,01 3,10 7,19 0,25 37,80 721 4,88 7,77 0,25 39,50 6,41 5,10 6,24 0,25 35,80
PO, 0,050 0,010 0,131 0,005 1,200 0,038 0,010 0,123 0,005 1,550 0,027 0,010 0,062 0,005 0,660
HCO, 136,90 111,66 109,86 6,10 908,54 47,66 30,21 46,50 1,83 249,56 71,04 48,81 63,66 6,10 311,80
CO, 0,07 0,00 0,88 0,00 11,40 0,00 0,00 0,00 0,00 0,00 0,10 0,00 1,19 0,00 14,40
H,SiO, 16,20 14,39 7,95 1,49 57,64 14,06 13,16 5,04 2,54 41,72 13,60 12,84 4,75 4,53 30,53
agr.CO, / aggr. CO, 13,55 11,66 14,07 0,00 61,82 28,21 28,93 15,92 0,00 71,06 21,71 22,88 14,07 0,00 52,36
Cr 0,0008 0,0003 0,0020 0,0003 0,0174 0,0012 0,0003 0,0021 0,0003 0,0128 0,0011 0,0003 0,0021 0,0003 0,0140
Cu 0,0015 0,0005 0,0044 0,0003 0,0534 0,0018 0,0006 0,0057 0,0003 0,0790 0,0015 0,0006 0,0039 0,0003 0,0295
Zn 0,0801 0,0060 0,3902 0,0005 4,2200 0,0506 0,0045 0,2251 0,0005 3,0200 0,0372 0,0040 0,2819 0,0005 3,4050
As 0,0012 0,0005 0,0022 0,0005 0,0250 0,0025 0,0005 0,0080 0,0005 0,0800 0,0013 0,0005 0,0017 0,0005 0,0136
Cd 0,0003 0,0003 0,0000 0,0003 0,0006 0,0003 0,0003 0,0001 0,0003 0,0011 0,0003 0,0003 0,0002 0,0003 0,0016
Se 0,0006 0,0005 0,0005 0,0005 0,0052 0,0005 0,0005 0,0002 0,0005 0,0030 0,0006 0,0005 0,0003 0,0005 0,0027
Pb 0,0013 0,0005 0,0036 0,0005 0,0380 0,0012 0,0005 0,0026 0,0005 0,0330 0,0009 0,0005 0,0016 0,0005 0,0140
Hg 0,0001 0,0001 0,0000 0,0001 0,0004 0,0001 0,0001 0,0002 0,0001 0,0022 0,0001 0,0001 0,0001 0,0001 0,0009
Ba 0,0767 0,0300 0,1132 0,0050 0,6000 0,0159 0,0100 0,0256 0,0050 0,2400 0,0274 0,0100 0,0486 0,0050 0,4000
Al 0,1719 0,0500 0,2941 0,0050 1,7500 0,1734 0,0900 0,3224 0,0050 3,6200 01778 0,0700 0,3067 0,0050 1,9000
Sb 0,0005 0,0001 0,0014 0,0001 0,0126 0,0038 0,0002 0,0334 0,0001 0,5125 0,0008 0,0002 0,0020 0,0001 0,0120

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 7

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Vapence (n = 195) Dolomity (n = 387) Dolomitické vapence (n = 478)
Limestones (n = 195) Dolomites (n = 387) Dolomitic Limestones (n = 478)
Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max.
Deviation Deviation Deviation

pH 7,60 7,55 041 6,80 9,70 7,30 7,30 0,43 5,48 8,93 7,75 7,75 0,39 5,23 8,73
Mineralizécia / T.D.S. 440,80 443,00 106,00 191,20 665,70 408,10 398,80 100,90 153,00 844,40 405,40 390,80 109,20 101,50 876,30
Ca+Mg (mmol.I") 2,728 2,782 0,658 1,020 4,107 2,613 2,550 0,648 0,924 5,310 2,547 2,448 0,680 0,568 5,201
Tvrdost / Hardness (°N) 15,277 15,579 3,684 5711 22,999 14,635 14,282 3,630 5174 29,735 14,267 13,708 3,806 3,179 29,125
Vodivost / Conductivity (uS.cm™) | 486,20 487,00 111,00 186,00 735,00 451,0 440,0 116,3 161,0 930,0 452,5 4310 122,5 120,0 990,0
Volny CO, / Free CO, (mmol.I") 0,40 0,35 0,34 0,00 1,90 0,27 0,20 0,37 0,00 1,45 0,28 0,20 0,42 0,00 5,80
0, 7,70 7,50 2,20 1,10 14,50 8,8 9,2 19 24 15,3 84 8,6 21 2,0 14,6
ChSKy, / COD , 1,72 1,36 1,25 0,48 7,68 1,66 144 0,94 0,32 7,52 1,62 1,28 1,12 0,32 12,24
Li 0,003 0,001 0,004 0,001 0,031 0,002 0,001 0,005 0,001 0,082 0,003 0,002 0,005 0,001 0,058
Na 1,62 1,30 1,34 0,05 8,70 1,15 0,70 1,63 0,05 25,00 1,71 1,00 2,38 0,05 25,20
K 0,71 0,50 1,16 0,05 12,20 0,55 0,40 0,70 0,05 8,40 071 0,50 0,99 0,05 10,30
NH, 0,044 0,025 0,099 0,025 1,140 0,058 0,025 0,199 0,025 2,000 0,050 0,025 0,149 0,025 1,640
Ca 96,29 96,59 24,74 35,27 144,89 57,93 56,51 15,30 25,81 124,21 69,76 68,14 19,19 17,15 136,27
Mg 7,92 7,00 4,81 0,50 32,35 28,40 27,48 7,69 4,86 53,75 19,62 18,73 6,92 3,40 50,59
Sr 0,209 0,130 0,243 0,020 1,580 0,139 0,070 0,240 0,010 2,530 0,230 0,160 0,225 0,010 1,610
Fe 0,033 0,005 0,205 0,005 2,740 0,020 0,005 0,066 0,005 0,910 0,034 0,005 0,146 0,005 2,100
Mn 0,009 0,003 0,048 0,003 0,630 0,029 0,003 0,453 0,003 8,900 0,016 0,003 0,153 0,003 2,712
F 0,07 0,05 0,04 0,05 0,31 0,07 0,05 0,04 0,05 0,35 0,07 0,05 0,05 0,05 0,68
Cl 4,22 3,01 4,23 0,71 33,86 319 2,13 3,86 0,71 45,56 351 2,30 4,13 0,53 33,33
SO, 34,10 34,09 14,19 1,07 83,25 27,26 23,74 15,38 0,91 97,85 33,45 29,12 17,17 6,58 97,69
NO, 7,22 5,40 7,65 0,25 39,06 6,00 4,80 5,54 0,25 38,90 6,35 4,70 6,62 0,25 39,80
PO, 0,012 0,005 0,038 0,005 0,520 0,012 0,005 0,018 0,005 0,170 0,017 0,005 0,061 0,005 0,940
HCO, 279,93 274,58 71,93 109,22 446,03 276,46 266,04 71,72 106,17 536,98 262,08 254,76 74,89 56,14 561,38
CO, 0,04 0,00 0,52 0,00 7,20 0,17 0,00 1,10 0,00 11,40 0,08 0,00 0,94 0,00 16,20
H,SiO, 8,20 7,80 3,75 0,53 22,43 6,49 5,83 4,22 1,30 48,17 7,53 6,61 4,27 1,32 30,54
agr.CO, / aggr. CO, 0,24 0,00 1,57 0,00 15,18 0,45 0,00 2,57 0,00 32,56 0,52 0,00 2,68 0,00 25,30
Cr 0,0009 0,0003 0,0025 0,0003 0,0229 0,0009 0,0003 0,0025 0,0003 0,0363 0,0013 0,0003 0,0063 0,0003 0,1224
Cu 0,0012 0,0006 0,0029 0,0003 0,0380 0,0011 0,0003 0,0025 0,0003 0,0417 0,0012 0,0007 0,0014 0,0003 0,0166
Zn 0,0356 0,0060 0,1524 0,0005 1,4400 0,0277 0,0040 0,1953 0,0005 3,2230 0,0311 0,0030 0,2490 0,0005 4,3260
As 0,0006 0,0005 0,0003 0,0005 0,0029 0,0007 0,0005 0,0006 0,0005 0,0045 0,0008 0,0005 0,0021 0,0005 0,0312
Cd 0,0003 0,0003 0,0001 0,0003 0,0021 0,0003 0,0003 0,0002 0,0003 0,0027 0,0003 0,0003 0,0002 0,0003 0,0022
Se 0,0006 0,0005 0,0002 0,0005 0,0020 0,0006 0,0005 0,0004 0,0005 0,0037 0,0006 0,0005 0,0004 0,0005 0,0050
Pb 0,0012 0,0005 0,0029 0,0005 0,0320 0,0013 0,0005 0,0027 0,0005 0,0270 0,0013 0,0005 0,0035 0,0005 0,0410
Hg 0,0001 0,0001 0,0001 0,0001 0,0014 0,0001 0,0001 0,0001 0,0001 0,0013 0,0003 0,0001 0,0042 0,0001 0,0910
Ba 0,0440 0,0300 0,0535 0,0050 0,5600 0,0442 0,0200 0,0622 0,0050 0,5200 0,0579 0,0400 0,0783 0,0050 0,8600
Al 0,1108 0,0300 0,3011 0,0050 2,8400 0,0941 0,0300 0,1814 0,0050 1,5100 0,0772 0,0200 0,1663 0,0050 2,0400
Sb 0,0003 0,0001 0,0012 0,0001 0,0166 0,0004 0,0001 0,0009 0,0001 0,0077 0,0002 0,0001 0,0004 0,0001 0,0037

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH

Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 8

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Slienité vapence (n = 235)
Marly limestones (n = 235)

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Organodetritické vapence jury (n = 21)
Organodetrical limestones Jurassic (n = 21)

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Pieskovce, kremence spodného triasu (n = 59)
Sandstones, quartzites (lower Triassic) (n = 59)

Mean Median Sta'.‘d’f“d Min. Max. Mean Median Staqdard Min. Max. Mean Median Sta'.‘d’?‘rd Min. Max.
Deviation Deviation Deviation

pH 7,75 7,30 0,48 5,30 8,62 7,68 7,70 041 714 8,30 7,02 7,20 0,71 5,65 8,09
Mineralizacia / T.D.S. 397,37 376,79 106,07 192,37 774,13 404,58 439,63 145,03 182,75 596,66 167,32 144,90 101,95 41,18 420,09
Ca+Mg (mmol.I") 2,441 2,321 0,663 1,126 4,801 2,509 2,730 0,902 1,113 3,580 0,870 0,735 0,638 0,100 2,660
Tvrdost / Hardness (°N) 13,669 13,000 3,713 6,306 26,884 14,049 15,290 5,050 6,234 20,048 4,753 4,116 3,664 0,560 14,897
Vodivost / Conductivity (uS.cm™) | 445,6 428,0 1271 191,0 928,0 446,7 520,0 169,5 189,0 627,0 187,3 171,0 119,0 37,0 513,0
Volny CO, / Free CO, (mmol.I") 0,26 0,20 0,28 0,00 1,80 0,38 0,16 0,38 0,00 1,30 0,39 0,25 0,38 0,05 1,50
0, 8,4 8,5 2,2 1,6 14,0 83 84 13 56 10,1 81 8,6 2,3 25 119
ChSKy, / COD y, 1,39 1,04 1,05 0,32 6,56 1,84 0,96 1,53 0,40 544 2,37 1,36 2,93 0,32 17,84
Li 0,006 0,004 0,005 0,001 0,052 0,003 0,003 0,002 0,001 0,009 0,004 0,002 0,006 0,001 0,027
Na 2,49 1,70 2,38 0,30 19,60 2,16 1,30 2,64 0,30 11,60 4,06 4,20 3,09 0,30 13,50
K 0,85 0,60 1,62 0,05 18,60 0,54 0,40 0,47 0,05 2,00 134 1,30 0,85 0,05 5,60
NH, 0,040 0,025 0,001 0,025 1,140 0,070 0,025 0,204 0,025 0,960 0,070 0,025 0,103 0,025 0,570
Ca 79,34 73,75 21,44 34,47 156,71 87,84 98,20 33,00 41,68 130,66 23,53 20,44 18,64 2,00 75,35
Mg 11,22 9,00 711 2,19 38,43 7,71 6,74 534 1,46 22,89 6,87 535 5,09 0,50 23,83
Sr 0,345 0,270 0,280 0,010 2,090 0,251 0,190 0,216 0,060 0,840 0,097 0,070 0,128 0,005 0,800
Fe 0,031 0,010 0,102 0,005 1,307 0,015 0,005 0,012 0,005 0,040 0,033 0,010 0,067 0,005 0,400
Mn 0,011 0,003 0,096 0,003 1,469 0,003 0,003 0,001 0,003 0,009 0,007 0,003 0,009 0,003 0,042
F 0,06 0,05 0,03 0,05 0,27 0,06 0,05 0,02 0,05 0,12 0,07 0,05 0,04 0,05 0,22
cl 3,9 2,30 4,82 0,71 29,96 391 2,66 4,39 0,71 17,20 3,20 2,13 3,18 0,71 17,37
SO, 32,77 29,92 15,96 811 84,03 3153 28,31 18,77 10,00 64,48 16,49 13,29 13,74 1,32 68,27
NO, 6,97 4,60 7,89 0,25 37,80 9,44 8,30 8,48 0,25 29,80 514 1,80 7,57 0,25 35,80
PO, 0,015 0,005 0,058 0,005 0,800 0,021 0,005 0,044 0,005 0,190 0,023 0,005 0,047 0,005 0,260
HCO, 249,65 238,58 62,83 122,04 479,00 252,01 291,67 82,25 124,48 353,29 88,18 74,44 71,84 6,10 264,82
CO, 0,06 0,00 0,61 0,00 7,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
H,SiO, 9,34 7,94 5,40 0,53 44,95 8,84 8,36 4,74 1,88 19,63 17,74 15,63 8,44 5,85 38,91
agr.CO, / aggr. CO, 0,43 0,00 2,82 0,00 3542 1,23 0,00 431 0,00 19,58 20,75 21,34 17,24 0,00 55,22
Cr 0,0007 0,0003 0,0011 0,0003 0,0096 0,0026 0,0005 0,0085 0,0003 0,0396 0,0006 0,0003 0,0006 0,0003 0,0028
Cu 0,0014 0,0008 0,0018 0,0003 0,0159 0,0009 0,0003 0,0010 0,0003 0,0040 0,0016 0,0006 0,0037 0,0003 0,0240
Zn 0,0260 0,0010 0,1154 0,0005 1,2480 0,0183 0,0040 0,0281 0,0005 0,1030 0,0322 0,0060 0,0754 0,0005 0,3510
As 0,0006 0,0005 0,0007 0,0005 0,0096 0,0006 0,0005 0,0004 0,0005 0,0020 0,0010 0,0005 0,0015 0,0005 0,0096
Cd 0,0005 0,0003 0,0041 0,0003 0,0633 0,0003 0,0003 0,0000 0,0003 0,0003 0,0003 0,0003 0,0004 0,0003 0,0031
Se 0,0007 0,0005 0,0006 0,0005 0,0046 0,0007 0,0005 0,0004 0,0005 0,0020 0,0006 0,0005 0,0002 0,0005 0,0010
Pb 0,0011 0,0005 0,0018 0,0005 0,0190 0,0010 0,0010 0,0006 0,0005 0,0020 0,0007 0,0005 0,0005 0,0005 0,0030
Hg 0,0008 0,0001 0,0107 0,0001 0,1640 0,0001 0,0001 0,0000 0,0001 0,0003 0,0001 0,0001 0,0001 0,0001 0,0005
Ba 0,0629 0,0500 0,0586 0,0050 0,6200 0,0445 0,0300 0,0443 0,0050 0,1900 0,1267 0,0800 0,1490 0,0050 0,6000
Al 0,1315 0,0300 0,3360 0,0050 3,6800 0,1107 0,0200 0,2156 0,0050 0,9400 0,2879 0,0600 0,5528 0,0050 2,2300
Sb 0,0019 0,0001 0,0236 0,0001 0,3600 0,0001 0,0001 0,0001 0,0001 0,0005 0,0005 0,0001 0,0021 0,0001 0,0136

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 9

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Pieskovce, kremence jury a kriedy (n = 12)

Sandstones, quartzites (Jurassic and Cretaceous) (n = 12)

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Sadrovcovy spodny trias (n = 51)

Gypsum-bearing Lower Triassic (n = 51)

Podzemné vody mezozoika
Groundwaters of the Mesozoic

Sadrovcovy karpatsky keuper (n = 18)
Gypsum-bearing Carpathian Keuper (n = 18)

Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max.
Deviation Deviation Deviation

pH 6,06 6,00 0,87 5,08 8,00 7,52 7,55 0,44 5,66 8,31 7,73 7,63 0,38 7,07 8,52
Mineralizécia / T.D.S. 88,54 87,15 36,09 32,63 138,57 687,65 598,92 321,05 276,27  |2007,14 626,72 543,58 315,14 199,73  |1424,59
Ca+Mg (mmol.I") 0411 0411 0,186 0,100 0,630 4,636 3,910 2,310 1,750 14,681 4,280 3,656 2,357 1,300 10,441
Tvrdost / Hardness (°N) 1,816 1,238 1,222 0,412 3,361 19,477 19,782 6,546 8,655 41,445 18,601 19,015 4,711 7,280 25,082
Vodivost / Conductivity (uS.cm™) | 96,2 100,0 404 26,0 158,0 756,2 681,0 319,6 282,0 1957,0 709,1 615,0 338,2 232,0 1527,0
Volny CO, / Free CO, (mmol.I") 7,34 6,50 5,65 0,10 16,00 0,37 0,25 0,39 0,05 1,80 0,31 0,18 0,29 0,00 1,10
0, 79 85 24 36 10,9 75 8,0 25 13 12,1 79 78 21 4,0 12,3
ChSKy, / COD , 1,73 1,60 0,53 1,12 2,88 1,57 1,04 1,43 0,24 7,36 1,22 0,92 0,82 0,56 3,84
Li 0,004 0,002 0,004 0,001 0,012 0,009 0,005 0,012 0,001 0,062 0,006 0,005 0,003 0,002 0,012
Na 3,73 2,90 2,86 0,70 11,00 5,29 2,53 8,78 0,70 52,00 1,72 1,30 1,46 0,50 6,90
K 1,23 1,15 0,54 0,50 2,50 151 0,80 2,01 0,05 10,20 1,22 0,80 2,28 0,30 10,30
NH, 0,113 0,025 0,305 0,025 1,080 0,073 0,025 0,182 0,025 1,280 0,026 0,025 0,006 0,025 0,050
Ca 10,26 11,23 4,28 2,40 16,03 130,64 109,02 77,28 40,08 471,34 117,41 99,00 69,60 3527 291,78
Mg 3,73 3,28 2,33 0,50 754 33,48 30,86 13,99 9,24 71,01 32,84 27,12 16,67 10,21 76,85
Sr 0,053 0,045 0,042 0,020 0,160 1,206 0,930 1,120 0,080 6,520 1,644 1,265 1,405 0,410 6,440
Fe 0,008 0,005 0,006 0,005 0,023 0,076 0,005 0,366 0,005 2,600 0,021 0,010 0,019 0,005 0,064
Mn 0,013 0,004 0,020 0,003 0,067 0,175 0,003 1,173 0,003 8,380 0,004 0,003 0,005 0,003 0,025
F 0,06 0,05 0,02 0,05 0,12 011 0,05 011 0,05 0,48 0,12 0,05 0,16 0,05 0,72
Cl 4,17 2,30 6,55 1,06 24,82 6,06 2,34 10,83 0,89 68,43 2,75 2,30 2,79 1,06 13,30
SO, 21,07 2321 9,82 2,51 32,71 262,26 157,32 227,99 61,85 |1276,14 230,97 137,30 208,20 59,30 782,80
NO, 6,51 4,80 8,28 0,25 29,90 3,27 0,25 5,62 0,25 28,70 4,52 2,35 6,57 0,25 21,50
PO, 0,007 0,005 0,007 0,005 0,030 0,026 0,005 0,091 0,005 0,520 0,024 0,005 0,035 0,005 0,110
HCO, 24,00 14,03 20,47 4,27 70,17 232,62 214,17 102,22 89,70 640,69 225,23 236,14 65,73 87,26 360,62
CO, 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 2,40 0,00 10,20
H,SiO, 13,36 1321 2,54 10,41 18,69 10,63 10,38 4,54 2,39 23,99 7,52 6,81 2,80 411 14,24
agr.CO, / aggr. CO, 32,08 33,33 9,55 9,24 45,32 1,45 0,00 4,50 0,00 22,00 0,94 0,00 3,99 0,00 16,94
Cr 0,0003 0,0003 0,0000 0,0003 0,0003 0,0011 0,0003 0,0031 0,0003 0,0222 0,0010 0,0003 0,0015 0,0003 0,0057
Cu 0,0012 0,0009 0,0012 0,0003 0,0043 0,0011 0,0008 0,0009 0,0003 0,0032 0,0010 0,0003 0,0013 0,0003 0,0041
Zn 0,0085 0,0018 0,0131 0,0005 0,0430 0,0156 0,0040 0,0327 0,0005 0,1950 0,0053 0,0008 0,0068 0,0005 0,0220
As 0,0005 0,0005 0,0000 0,0005 0,0005 0,0048 0,0005 0,0285 0,0005 0,2040 0,0077 0,0005 0,0228 0,0005 0,0950
Cd 0,0003 0,0003 0,0001 0,0003 0,0007 0,0003 0,0003 0,0001 0,0003 0,0011 0,0003 0,0003 0,0001 0,0003 0,0005
Se 0,0009 0,0005 0,0007 0,0005 0,0024 0,0006 0,0005 0,0004 0,0005 0,0030 0,0010 0,0005 0,0008 0,0005 0,0032
Pb 0,0019 0,0010 0,0022 0,0005 0,0070 0,0006 0,0005 0,0004 0,0005 0,0030 0,0006 0,0005 0,0002 0,0005 0,0010
Hg 0,0001 0,0001 0,0000 0,0001 0,0001 0,0001 0,0001 0,0000 0,0001 0,0002 0,0001 0,0001 0,0000 0,0001 0,0001
Ba 0,1317 0,0550 0,1930 0,0300 0,6800 0,0500 0,0400 0,0433 0,0050 0,2000 0,0522 0,0450 0,0253 0,0200 0,1100
Al 0,0450 0,0250 0,0500 0,0050 0,1700 0,1416 0,0200 0,4368 0,0050 2,8900 0,0719 0,0250 0,1151 0,0050 0,4200
Sb 0,0001 0,0001 0,0000 0,0001 0,0001 0,0146 0,0001 0,1008 0,0001 0,7200 0,0002 0,0001 0,0002 0,0001 0,0008

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH

Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 10

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody mezozoika Podzemné vody mezozoika Podzemné vody centralno-karpatského paleogénu
Groundwaters of the Mesozoic Groundwaters of the Mesozoic Groundwaters of the Inner-Carpathian Paleogene
Pieskovce, kremence, bridlice, ilovce
spodného triasu (n = 169)
Sandstones, quartzites, schists, claystones Nesadrovcovy karpatsky keuper (n = 21) Bazalny vyvoj (n = 165)
Lower Triassic (n = 169) Carpathian Keuper without gypsum (n = 21) Basal facies (n = 165)
Mean Median Sta'.‘d’f“d Min. Max. Mean Median Star]de_ird Min. Max. Mean Median Sta'.‘d’?‘rd Min. Max.
Deviation Deviation Deviation
pH 7,42 7,44 0,44 6,17 8,79 7,56 7,65 0,56 547 8,16 7,65 7,61 0,36 6,70 8,50
Mineralizacia / T.D.S. 269,93 222,74 167,02 34,75 842,83 351,22 341,19 90,76 203,73 557,50 497,83 498,49 128,59 152,39 863,44
Ca+Mg (mmol.I") 1,563 1,265 1,030 0,120 4,541 2,177 2,126 0,620 1,160 3,607 3,110 3121 0,800 0,790 5133
Tvrdost / Hardness (°N) 8,733 7,085 5,786 0,673 25,428 12,195 11,902 3,472 6,497 20,197 17,408 17,475 4,489 4,298 28,744
Vodivost / Conductivity (uS.cm™) | 292,2 238,0 180,1 28,0 966,0 3984 3935 105,2 230,0 598,0 555,1 560,0 138,3 166,0 910,0
Volny CO, / Free CO, (mmol.I") 0,24 0,15 0,24 0,00 1,30 0,23 0,20 0,14 0,06 0,55 0,40 0,35 0,43 0,00 1,70
0, 7,7 7,6 21 0,7 125 9,2 89 18 6,2 145 75 7,7 2,3 0,7 12,6
ChSKy, / COD y, 2,40 1,84 1,97 0,40 12,48 1,46 1,32 0,75 0,64 3,60 1,82 144 1,39 0,24 8,08
Li 0,003 0,001 0,005 0,001 0,046 0,002 0,002 0,002 0,001 0,008 0,008 0,006 0,010 0,001 0,075
Na 411 3,10 3,61 0,80 37,01 2,31 1,90 1,79 0,30 8,20 381 3,00 3,79 0,05 22,60
K 1,84 0,70 513 0,05 51,22 0,88 0,60 0,70 0,10 2,60 1,43 0,70 4,62 0,05 54,50
NH, 0,057 0,025 0,126 0,025 1,480 0,025 0,025 0,000 0,025 0,025 0,054 0,025 0,190 0,025 1,880
Ca 45,49 33,67 34,39 321 137,71 56,63 43,08 19,25 31,66 94,59 81,56 79,76 24,72 13,63 156,31
Mg 10,41 7,87 8,35 0,50 47,67 18,59 19,46 8,38 8,27 36,70 26,15 27,07 9,92 5,84 62,38
Sr 0,232 0,080 0,374 0,005 2,190 0,298 0,160 0,396 0,020 1,730 0,221 0,160 0,222 0,020 1,830
Fe 0,109 0,010 0,646 0,005 7,970 0,026 0,010 0,045 0,005 0,196 0,022 0,005 0,049 0,005 0,435
Mn 0,039 0,003 0,220 0,003 2,610 0,003 0,003 0,002 0,003 0,010 0,010 0,003 0,030 0,003 0,328
F 0,08 0,05 0,06 0,05 0,43 0,06 0,05 0,03 0,05 0,18 0,07 0,05 0,05 0,05 0,54
cl 591 3,28 8,85 0,53 86,85 3,04 2,48 2,06 0,71 9,22 7,65 4,25 8,13 0,89 4787
SO, 30,64 24,77 19,92 1,65 100,86 30,13 21,65 19,96 7,08 72,05 42,22 37,53 22,45 6,13 127,81
NO, 8,89 5,85 9,67 0,25 39,80 7,89 6,05 8,01 0,25 35,80 7,69 5,40 8,37 0,25 35,40
PO, 0,046 0,008 0,117 0,005 1,020 0,020 0,005 0,046 0,005 0,200 0,024 0,005 0,060 0,005 0,700
HCO, 146,98 122,04 106,47 12,20 427,13 222,75 223,33 60,13 122,65 345,97 314,96 324,62 88,21 4454 527,81
CO, 0,12 0,00 1,50 0,00 19,20 0,00 0,00 0,00 0,00 0,00 0,24 0,00 1,64 0,00 15,60
H,SiO, 14,69 13,53 6,64 4,92 56,41 8,43 8,43 3,90 2,71 15,10 11,42 10,44 6,28 2,19 65,91
agr.CO, / aggr. CO, 12,61 7,37 14,49 0,00 96,58 2,78 0,00 5,90 0,00 20,02 0,70 0,00 3,65 0,00 26,18
Cr 0,0010 0,0003 0,0018 0,0003 0,0108 0,0010 0,0003 0,0017 0,0003 0,0073 0,0009 0,0003 0,0027 0,0003 0,0310
Cu 0,0009 0,0006 0,0011 0,0003 0,0089 0,0015 0,0012 0,0013 0,0003 0,0050 0,0058 0,0003 0,0256 0,0003 0,1710
Zn 0,0269 0,0070 0,1004 0,0005 1,0380 0,0040 0,0005 0,0101 0,0005 0,0460 0,0611 0,0050 0,5459 0,0005 6,9920
As 0,0010 0,0005 0,0012 0,0005 0,0090 0,0065 0,0005 0,0183 0,0005 0,0620 0,0006 0,0005 0,0009 0,0005 0,0116
Cd 0,0003 0,0003 0,0002 0,0003 0,0020 0,0003 0,0003 0,0002 0,0003 0,0010 0,0112 0,0003 0,1401 0,0003 1,8000
Se 0,0006 0,0005 0,0003 0,0005 0,0022 0,0007 0,0005 0,0002 0,0005 0,0010 0,0006 0,0005 0,0004 0,0005 0,0054
Pb 0,0009 0,0005 0,0022 0,0005 0,0280 0,0006 0,0005 0,0002 0,0005 0,0010 0,0073 0,0005 0,0368 0,0005 0,2830
Hg 0,0001 0,0001 0,0001 0,0001 0,0010 0,0001 0,0001 0,0000 0,0001 0,0002 0,0002 0,0001 0,0003 0,0001 0,0037
Ba 0,1086 0,0800 0,1077 0,0050 0,5800 0,0625 0,0550 0,0597 0,0050 0,2000 0,0635 0,0500 0,0522 0,0050 0,3300
Al 0,1521 0,0600 0,2781 0,0050 1,8600 0,0760 0,0300 0,1446 0,0050 0,5600 0,1383 0,0200 0,3942 0,0050 3,4100
Sb 0,0002 0,0001 0,0002 0,0001 0,0022 0,0010 0,0001 0,0020 0,0001 0,0073 0,0001 0,0001 0,0001 0,0001 0,0007

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 11

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody centralno-karpatského paleogénu
Groundwaters of the Inner-Carpathian Paleogene

Pieskovce (n = 282)

Podzemné vody centralno-karpatského paleogénu
Groundwaters of the Inner-Carpathian Paleogene

FlySovy vyvoj (n = 490)

Podzemné vody centralno-karpatského paleogénu
Groundwaters of the Inner-Carpathian Paleogene

ilovce (n = 150)

Sandstones (n = 282)

Flysch facies (n = 490)

Claystones (n = 150)

Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max.
Deviation Deviation Deviation

pH 7,63 7,61 0,34 6,37 8,46 7,49 7,43 0,40 6,14 8,75 7,71 7,75 0,40 6,27 8,42
Mineralizécia / T.D.S. 383,25 372,49 153,75 102,18 823,07 561,55 562,85 194,63 40,94 129533 388,10 375,66 141,03 82,58 791,76
Ca+Mg (mmol.I") 2,303 2,192 0,950 0,488 5,066 3,372 3,341 1,222 0,209 7,932 2,329 2,204 0,879 0,470 5,044
Tvrdost / Hardness (°N) 12,895 12,277 5,322 2,731 28,367 18,875 18,706 6,827 1,170 44,417 13,036 12,341 4,932 2,633 28,248
Vodivost / Conductivity (uS.cm™) |417,0 401,0 168,0 112,0 980,0 6179 613,0 2173 44,0 1303,0 | 435,7 419,5 161,7 79,0 968,0
Volny CO, / Free CO, (mmol.I") 0,37 0,29 0,30 0,00 1,85 0,58 0,40 0,89 0,00 17,45 0,27 0,17 0,29 0,00 1,35
0, 7.7 79 24 038 12,6 6,2 6,4 2,7 04 12,8 70 72 25 2,6 119
ChSKy, / COD , 1,99 1,60 1,33 0,40 9,76 2,13 1,68 1,48 0,40 8,96 2,42 2,00 1,55 0,48 10,16
Li 0,011 0,009 0,008 0,001 0,060 0,021 0,014 0,030 0,001 0,520 0,012 0,009 0,013 0,001 0,082
Na 5,61 5,10 4,28 1,00 44,50 10,21 8,55 7,70 0,50 56,30 6,82 4,65 7,06 0,50 56,40
K 1,55 1,10 2,52 0,05 29,70 3,66 1,40 8,74 0,05 93,00 1,75 0,90 3,32 0,10 33,60
NH, 0,052 0,025 0,168 0,025 1,740 0,093 0,025 0,318 0,025 3,400 0,070 0,025 0,240 0,025 2,600
Ca 65,28 62,89 25,90 17,47 135,47 94,92 95,39 34,53 6,81 240,68 67,03 63,33 26,94 12,83 147,49
Mg 16,39 15,20 8,03 1,26 47,69 24,40 2347 11,48 0,50 76,32 15,96 1521 6,67 3,65 3512
Sr 0,194 0,180 0,090 0,020 0,630 0,313 0,290 0,169 0,010 1,480 0,253 0,220 0,154 0,010 0,890
Fe 0,016 0,005 0,030 0,005 0,382 0,069 0,005 0,362 0,005 5,240 0,028 0,005 0,075 0,005 0,806
Mn 0,010 0,003 0,028 0,003 0,224 0,056 0,003 0,199 0,003 2,230 0,053 0,003 0,321 0,003 3,801
F 0,09 0,05 0,18 0,05 3,00 0,12 0,12 0,06 0,05 0,37 o1 o1 0,05 0,05 0,28
Cl 6,69 3,01 8,33 0,71 46,63 19,68 15,16 18,12 0,71 94,32 8,97 3,72 11,31 0,53 58,86
SO, 47,10 42,45 20,66 10,82 126,78 62,97 54,18 38,84 4,86 318,17 46,75 39,71 25,25 572 146,21
NO, 8,04 6,40 7,76 0,25 38,20 11,25 8,70 11,29 0,25 40,90 4,90 1,40 7,26 0,25 36,40
PO, 0,013 0,005 0,019 0,005 0,150 0,046 0,005 0,325 0,005 6,700 0,022 0,005 0,047 0,005 0,290
HCO, 220,35 212,34 92,64 46,98 483,87 317,91 322,18 110,38 13,42 856,08 224,22 219,05 81,75 44.54 414,94
CO, 0,05 0,00 0,56 0,00 7,80 0,01 0,00 0,27 0,00 6,00 0,09 0,00 0,80 0,00 7,80
H,SiO, 11,59 11,58 2,89 341 21,57 15,44 14,48 7,04 131 55,42 10,67 10,14 3,67 2,71 21,90
agr.CO, / aggr. CO, 2,00 0,00 5,23 0,00 30,14 1,09 0,00 5,90 0,00 63,14 2,05 0,00 6,09 0,00 29,92
Cr 0,0015 0,0003 0,0060 0,0003 0,0644 0,0008 0,0003 0,0016 0,0003 0,0102 0,0004 0,0003 0,0005 0,0003 0,0038
Cu 0,0013 0,0005 0,0055 0,0003 0,0910 0,0067 0,0007 0,0339 0,0003 0,3950 0,0015 0,0006 0,0062 0,0003 0,0760
Zn 0,0216 0,0030 0,1489 0,0005 2,0300 0,1470 0,0110 0,6937 0,0005 | 11,5610 0,0858 0,0040 0,7402 0,0005 8,9200
As 0,0005 0,0005 0,0002 0,0005 0,0024 0,0006 0,0005 0,0006 0,0005 0,0085 0,0007 0,0005 0,0015 0,0005 0,0168
Cd 0,0003 0,0003 0,0002 0,0003 0,0028 0,0101 0,0003 0,1840 0,0003 4,0000 0,0011 0,0003 0,0106 0,0003 0,1300
Se 0,0006 0,0005 0,0003 0,0005 0,0032 0,0007 0,0005 0,0005 0,0005 0,0053 0,0006 0,0005 0,0003 0,0005 0,0022
Pb 0,0011 0,0005 0,0021 0,0005 0,0240 0,0028 0,0005 0,0145 0,0005 0,2900 0,0015 0,0010 0,0036 0,0005 0,0370
Hg 0,0001 0,0001 0,0000 0,0001 0,0003 0,0002 0,0001 0,0006 0,0001 0,0108 0,0001 0,0001 0,0001 0,0001 0,0006
Ba 0,0345 0,0300 0,0228 0,0050 0,2000 0,0524 0,0400 0,0399 0,0050 0,2300 0,0502 0,0400 0,0469 0,0050 0,2900
Al 01774 0,0400 0,5251 0,0050 5,8600 0,1537 0,0300 0,4038 0,0050 5,5700 0,2304 0,0800 04224 0,0050 2,6400
Sb 0,0002 0,0001 0,0003 0,0001 0,0025 0,0001 0,0001 0,0002 0,0001 0,0021 0,0016 0,0001 0,0180 0,0001 0,2200

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH

Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 12

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody centralno-karpatského paleogénu
Groundwaters of the Inner-Carpathian Paleogene

ilovce - NaHCO, typ vod (n = 163)
Claystones - NaHCO, type water (n = 163)

Podzemné vody paleogénu - vonkajsi flys
Groundwaters of the Paleogene - Outer Flysch

Pieskovce (n = 337)
Sandstones (n = 337)

Podzemné vody paleogénu - vonkajsi flys
Groundwaters of the Paleogene - Outer Flysch

FlySovy vyvoj (n = 1597)
Flysch facies (n = 1597)

Mean Median Sta'.‘d’f“d Min. Max. Mean Median Star]de_ird Min. Max. Mean Median Sta'.‘d’?‘rd Min. Max.
Deviation Deviation Deviation

pH 7,75 7,78 0,43 6,27 9,30 7,66 7,70 0,44 6,05 8,90 7,63 7,64 0,43 5,78 8,81
Mineralizacia / T.D.S. 410,51 379,04 169,40 82,58  |1079,38 366,27 340,46 153,28 5154 857,55 408,17 396,46 169,32 37,65 |1077,15
Ca+Mg (mmol.I") 2,246 2,194 0,917 0,036 5,044 2,167 2,030 0,942 0,235 5,176 2,361 2,298 1,035 0,130 6,501
Tvrdost / Hardness (°N) 12,575 12,286 5,144 0,201 28,248 12,136 11,369 5,277 1,317 28,984 13,215 12,869 5,799 0,530 36,404
Vodivost / Conductivity (uS.cm™) | 458,7 4324 190,0 79,0 1195,0 | 394,9 377,0 162,5 47,0 890,0 440,9 428,0 183,1 40,0 1280,0
Volny CO, / Free CO, (mmol.I") 0,30 0,18 0,33 0,00 2,20 0,28 0,20 0,31 0,00 3,20 0,52 0,25 1,15 0,00 16,00
0, 6,8 7,0 2,6 0,5 119 77 8,0 2,2 11 119 74 7,6 28 03 13,8
ChSKy, / COD y, 2,35 2,00 1,53 0,48 10,16 1,79 1,44 1,24 0,32 10,16 2,09 1,68 1,45 0,24 13,36
Li 0,022 0,010 0,056 0,001 0,590 0,009 0,007 0,011 0,001 0,110 0,016 0,011 0,019 0,001 0,330
Na 16,63 4,80 41,24 0,50 293,60 5,85 4,50 4,48 0,70 38,40 8,71 6,90 6,78 0,60 53,60
K 1,79 0,90 3,23 0,10 33,60 1,28 0,90 2,12 0,05 29,10 1,96 1,20 3,95 0,05 83,00
NH, 0,070 0,025 0,233 0,025 2,600 0,081 0,025 0,230 0,025 1,780 0,051 0,025 0,130 0,025 2,900
Ca 64,31 61,44 28,16 1,00 147,49 61,66 58,12 25,37 481 135,47 7317 71,74 31,44 2,81 192,30
Mg 15,60 14,59 6,82 0,50 3512 15,30 13,86 8,89 1,46 61,72 13,01 11,33 8,47 0,50 83,17
Sr 0,270 0,230 0,186 0,010 1,390 0,213 0,200 0,112 0,020 0,900 0,388 0,350 0,270 0,010 5,900
Fe 0,028 0,005 0,073 0,005 0,806 0,059 0,005 0,266 0,005 3,293 0,041 0,005 0,190 0,005 4,050
Mn 0,052 0,003 0,308 0,003 3,801 0,009 0,003 0,024 0,003 0,326 0,041 0,003 0,187 0,003 3,550
F 0,15 0,12 0,23 0,05 2,10 0,08 0,05 0,05 0,05 0,38 0,08 0,05 0,07 0,05 1,20
cl 9,73 3,90 12,40 0,53 68,43 531 2,84 7,16 0,53 63,29 6,63 3,01 8,72 0,35 84,74
SO, 45,94 39,71 2521 4,49 146,21 32,01 27,57 17,03 4,36 143,08 38,91 29,55 29,97 5,76 282,66
NO, 4,61 1,20 7,05 0,25 36,40 7,92 6,20 8,13 0,25 36,90 5,49 1,50 7,97 0,25 39,80
PO, 0,024 0,005 0,049 0,005 0,290 0,027 0,005 0,123 0,005 2,000 0,019 0,005 0,103 0,005 3,000
HCO, 239,77 224,55 105,93 4454 736,49 223,18 205,63 101,17 17,09 483,26 247,22 248,34 103,18 5,49 585,77
CO, 0,29 0,00 2,69 0,00 33,00 0,00 0,00 0,00 0,00 0,00 0,02 0,00 0,40 0,00 13,20
H,SiO, 10,86 10,22 3,85 2,71 21,90 12,99 12,60 4,27 0,73 38,01 12,08 11,44 4,41 1,53 53,58
agr.CO, / aggr. CO, 1,89 0,00 5,86 0,00 29,92 3,35 0,00 784 0,00 41,36 2,12 0,00 6,96 0,00 56,54
Cr 0,0005 0,0003 0,0006 0,0003 0,0047 0,0012 0,0003 0,0083 0,0003 0,1381 0,0006 0,0003 0,0033 0,0003 0,1204
Cu 0,0015 0,0006 0,0060 0,0003 0,0760 0,0073 0,0007 0,0268 0,0003 0,2910 0,0016 0,0006 0,0104 0,0003 0,2970
Zn 0,0845 0,0040 0,7113 0,0005 8,9200 0,0542 0,0080 0,2480 0,0005 2,8900 0,1135 0,0080 0,6238 0,0005| 16,1000
As 0,0007 0,0005 0,0014 0,0005 0,0168 0,0005 0,0005 0,0001 0,0005 0,0021 0,0008 0,0005 0,0067 0,0005 0,2500
Cd 0,0011 0,0003 0,0102 0,0003 0,1300 0,0003 0,0003 0,0001 0,0003 0,0014 0,0003 0,0003 0,0005 0,0003 0,0190
Se 0,0006 0,0005 0,0003 0,0005 0,0022 0,0006 0,0005 0,0003 0,0005 0,0030 0,0006 0,0005 0,0004 0,0005 0,0073
Pb 0,0015 0,0010 0,0035 0,0005 0,0370 0,0100 0,0005 0,0443 0,0005 0,4740 0,0011 0,0005 0,0025 0,0005 0,0630
Hg 0,0001 0,0001 0,0001 0,0001 0,0013 0,0001 0,0001 0,0000 0,0001 0,0004 0,0001 0,0001 0,0001 0,0001 0,0018
Ba 0,0571 0,0400 0,0625 0,0050 0,4700 0,0489 0,0400 0,0283 0,0050 0,1700 0,0708 0,0600 0,0620 0,0050 1,0700
Al 0,2211 0,0800 0,4084 0,0050 2,6400 0,1664 0,0400 0,3672 0,0050 4,1100 0,1306 0,0400 0,2526 0,0050 2,4100
Sb 0,0016 0,0001 0,0173 0,0001 0,2200 0,0001 0,0001 0,0000 0,0001 0,0004 0,0001 0,0001 0,0001 0,0001 0,0018

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 13

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody paleogénu - vonkajsi flys
Groundwaters of the Paleogene - Outer Flysch

ilovce (n = 114)
Claystones (n = 114)

Podzemné vody paleogénu - vonkajsi flys
Groundwaters of the Paleogene - Outer Flysch

NaHCO;, typ podzemnych véd (n = 13)
NaHCO,-type groundwater (n = 13)

Podzemné vody paleogénu - vonkajsi flys
Groundwaters of the Paleogene - Outer Flysch

ilovce - NaHCO, typ podzemnych véd (n = 127)
Claystones - NaHCO,-type groundwater (n = 127)

Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max. Mean Median Star]d_ard Min. Max.
Deviation Deviation Deviation

pH 7,56 7,56 0,47 6,15 8,58 7,75 7,59 0,62 7,16 9,42 7,58 7,56 0,48 6,15 9,42
Mineralizécia / T.D.S. 440,66 409,11 151,36 138,60 887,01 800,15 792,37 177,74 566,73  |1269,95 477,46 432,23 188,48 138,60 |1269,95
Ca+Mg (mmol.I") 2,378 2,230 0,962 0,500 5,021 2,091 2,080 0,988 0,241 3,480 2,348 2,220 0,964 0,241 5,021
Tvrdost / Hardness (°N) 13,316 12,489 5,386 2,799 28,115 11,708 11,648 5,533 1,350 19,489 13,152 12,433 5,401 1,350 28,115
Vodivost / Conductivity (uS.cm™) | 466,4 433,0 163,4 146,0 1032,0 | 842,6 847,0 209,9 567,0 1356,0 | 504,9 467,0 2031 146,0 1356,0
Volny CO, / Free CO, (mmol.I") 1,46 0,40 2,86 0,00 15,00 0,78 0,60 0,69 0,00 1,90 1,39 0,44 2,73 0,00 15,00
0, 6,4 6,8 2,7 0,2 11,6 24 16 24 0,0 7.9 6,0 6,3 30 0,0 116
ChSKy, / COD , 1,65 1,36 1,02 0,48 6,64 1,63 0,96 1,59 0,48 6,40 1,65 1,36 1,08 0,48 6,64
Li 0,020 0,015 0,018 0,001 0,114 0,098 0,089 0,081 0,004 0,217 0,028 0,015 0,039 0,001 0,217
Na 17,46 13,05 13,76 3,10 68,00 123,11 106,00 50,61 66,00 230,00 28,28 13,70 38,04 3,10 230,00
K 1,84 1,40 1,74 0,10 12,50 7,54 3,10 13,54 0,80 51,00 2,42 1,40 4,82 0,10 51,00
NH, 0,055 0,025 0,212 0,025 2,150 0,042 0,025 0,060 0,025 0,240 0,054 0,025 0,201 0,025 2,150
Ca 66,52 63,53 25,63 14,43 131,58 57,72 56,91 29,81 6,73 119,44 65,62 62,93 26,09 6,73 131,58
Mg 17,46 15,08 10,16 3,40 64,20 15,82 16,05 8,13 1,78 28,45 17,29 15,56 9,96 1,78 64,20
Sr 0,356 0,300 0,264 0,090 1,940 0,644 0,360 0,685 0,200 2,540 0,385 0,320 0,339 0,090 2,540
Fe 0,072 0,005 0,310 0,005 2,825 0,043 0,005 0,088 0,005 0,258 0,069 0,005 0,295 0,005 2,825
Mn 0,074 0,003 0,293 0,003 2,856 0,173 0,013 0,400 0,003 1,443 0,084 0,005 0,305 0,003 2,856
F o1 0,10 0,08 0,05 0,50 0,76 0,40 0,77 0,05 2,40 0,17 o1 0,32 0,05 2,40
Cl 8,00 3,55 8,82 0,53 39,36 13,12 7,98 13,57 2,66 51,24 8,53 4,43 9,47 0,53 51,24
SO, 36,26 30,60 23,99 3,83 145,30 38,71 27,24 36,18 181 108,59 36,51 3041 25,32 181 145,30
NO, 581 1,95 787 0,25 39,80 4,25 0,25 9,33 0,25 33,80 5,65 1,60 8,00 0,25 39,80
PO, 0,022 0,005 0,060 0,005 0,440 0,026 0,005 0,034 0,005 0,100 0,023 0,005 0,058 0,005 0,440
HCO, 273,02 254,45 98,19 57,36 533,30 519,46 488,16 144,00 330,11 911,61 298,24 271,54 127,46 57,36 911,61
CO, 0,04 0,00 0,45 0,00 4,80 0,92 0,00 3,33 0,00 12,00 0,13 0,00 1,14 0,00 12,00
H,SiO, 13,22 12,56 3,88 7,00 30,98 16,44 14,52 8,99 8,63 44,16 13,55 12,80 471 7,00 44,16
agr.CO, / aggr. CO, 2,23 0,00 6,35 0,00 34,76 0,00 0,00 0,00 0,00 0,00 2,01 0,00 6,05 0,00 34,76
Cr 0,0006 0,0003 0,0007 0,0003 0,0039 0,0006 0,0003 0,0005 0,0003 0,0019 0,0006 0,0003 0,0007 0,0003 0,0039
Cu 0,0039 0,0008 0,0274 0,0003 0,2930 0,0009 0,0008 0,0007 0,0003 0,0024 0,0036 0,0008 0,0259 0,0003 0,2930
Zn 0,0741 0,0100 0,3448 0,0005 3,3770 0,8665 0,1090 1,6118 0,0005 5,5620 0,1552 0,0100 0,6421 0,0005 5,5620
As 0,0005 0,0005 0,0002 0,0005 0,0019 0,0108 0,0005 0,0252 0,0005 0,0675 0,0016 0,0005 0,0084 0,0005 0,0675
Cd 0,0003 0,0003 0,0001 0,0003 0,0007 0,0003 0,0003 0,0002 0,0003 0,0008 0,0003 0,0003 0,0001 0,0003 0,0008
Se 0,0006 0,0005 0,0004 0,0005 0,0025 0,0008 0,0005 0,0009 0,0005 0,0036 0,0006 0,0005 0,0004 0,0005 0,0036
Pb 0,0017 0,0005 0,0051 0,0005 0,0520 0,0010 0,0005 0,0007 0,0005 0,0030 0,0016 0,0005 0,0049 0,0005 0,0520
Hg 0,0001 0,0001 0,0001 0,0001 0,0010 0,0001 0,0001 0,0000 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 0,0010
Ba 0,0742 0,0600 0,0670 0,0100 0,4600 0,1977 0,1700 0,1551 0,0500 0,5500 0,0869 0,0600 0,0879 0,0100 0,5500
Al 0,1627 0,0400 0,4450 0,0050 3,8200 0,2088 0,0200 0,5004 0,0050 1,7800 0,1674 0,0400 0,4491 0,0050 3,8200
Sb 0,0001 0,0001 0,0001 0,0001 0,0006 0,0002 0,0001 0,0002 0,0001 0,0005 0,0001 0,0001 0,0001 0,0001 0,0006

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH

Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 14

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody paleogénu - vonkajsi flys
Groundwaters of the Paleogene - Outer Flysch

Siranovy typ podzemnych véd (n = 63)
Sulphate-type groundwater (n = 63)

Podzemné vody mezozoika - bradlové pasmo
Groundwaters of the Mesozoic - Klippen Belt

Karbonatova facia (n = 29)
Carbonate facies (n = 29)

Podzemné vody mezozoika - bradlové pasmo
Groundwaters of the Mesozoic - Klippen Belt

Piescito-ilovcovo-karbonatova facia (n = 222)
Sandy-claystone-carbonate facies (n = 222)

Mean Median Sta'.‘d’f“d Min. Max. Mean Median Staqdard Min. Max. Mean Median Sta'.‘d’?‘rd Min. Max.
Deviation Deviation Deviation

pH 7,75 7,93 0,45 6,72 8,35 7,69 7,60 0,38 7,12 8,40 7,73 7,69 041 6,79 8,62
Mineralizacia / T.D.S. 892,25 841,08 298,07 292,55  |2014,75 482,33 477,84 109,21 224,98 750,13 537,13 529,45 136,50 95,79 |1279,73
Ca+Mg (mmol.I") 5,566 5,022 2,066 1,885 14,231 2,949 3,014 0,702 1,259 4,481 3,223 3,180 0,768 0,513 7,461
Tvrdost / Hardness (°N) 28,118 26,659 7,935 10,186 63,704 16,517 16,880 3,930 7,050 25,092 18,048 17,809 4,303 2,873 41,781
Vodivost / Conductivity (uS.cm™) | 947,1 888,0 2911 310,0 1974,0 | 528,3 541,0 119,7 250,0 863,0 587,2 578,5 154,7 115,8 1423,0
Volny CO, / Free CO, (mmol.I") 0,63 0,45 0,66 0,05 3,35 043 0,40 0,39 0,00 1,56 0,48 0,38 0,54 0,00 4,00
0, 8,9 9,6 3,6 0,9 13,9 78 75 2,3 37 11,3 71 72 24 15 119
ChSKy, / COD y, 2,02 1,92 0,91 0,80 6,56 1,77 1,36 121 0,56 5,60 2,21 184 1,58 0,56 13,76
Li 0,062 0,054 0,044 0,001 0,218 0,010 0,009 0,008 0,003 0,033 0,013 0,009 0,012 0,001 0,081
Na 23,96 20,00 15,99 6,00 103,00 4,19 3,10 3,23 1,10 15,00 7,63 5,45 7,51 0,20 49,00
K 2,83 2,40 184 0,30 12,80 1,38 0,80 2,24 0,10 11,20 3,49 1,20 10,00 0,05 104,00
NH, 0,070 0,025 0,108 0,025 0,620 0,071 0,025 0,225 0,025 1,240 0,061 0,025 0,165 0,025 1,700
Ca 163,92 151,50 56,32 53,71 406,41 93,89 97,43 20,10 40,04 134,67 98,75 97,25 25,16 16,03 218,04
Mg 35,89 28,94 21,28 11,19 119,65 14,75 12,94 9,09 3,28 46,94 18,45 17,72 8,37 2,75 49,13
Sr 0,970 0,930 0,543 0,240 3,960 0,311 0,260 0,138 0,130 0,700 0,341 0,310 0,203 0,040 2,080
Fe 0,067 0,005 0,202 0,005 1,404 0,016 0,011 0,020 0,005 0,105 0,037 0,005 0,236 0,005 3,380
Mn 0,088 0,034 0,156 0,003 0,951 0,014 0,003 0,035 0,003 0,163 0,018 0,003 0,068 0,003 0,829
F 0,08 0,05 0,05 0,05 0,27 0,10 o1 0,05 0,05 0,19 011 011 0,05 0,05 0,30
cl 12,42 5,50 20,38 1,95 129,04 6,36 4,25 4,59 1,77 19,86 10,75 5,32 11,72 0,89 72,33
SO, 295,17 256,53 165,78 104,19 994,35 40,47 33,04 16,75 20,99 84,15 48,13 45,35 24,81 7,86 233,77
NO, 1,96 0,25 5,00 0,25 26,90 7,94 6,30 7,55 0,25 31,40 9,10 4,05 10,88 0,25 39,80
PO, 0,019 0,005 0,053 0,005 0,330 0,007 0,005 0,006 0,005 0,030 0,033 0,005 0,219 0,005 3,100
HCO, 341,28 335,61 99,54 105,56 660,21 302,57 303,26 71,77 115,93 463,74 327,74 323,40 79,12 42,71 616,30
CO, 0,00 0,00 0,00 0,00 0,00 0,10 0,00 0,56 0,00 3,00 0,04 0,00 0,37 0,00 3,60
H,SiO, 13,23 12,60 3,45 5,46 2571 9,90 10,22 2,23 6,17 15,02 12,05 11,33 421 5,24 40,32
agr.CO, / aggr. CO, 0,38 0,00 2,10 0,00 12,32 0,88 0,00 5,27 0,00 25,96 0,15 0,00 2,79 0,00 34,54
Cr 0,0012 0,0003 0,0043 0,0003 0,0261 0,0003 0,0003 0,0002 0,0003 0,0009 0,0005 0,0003 0,0010 0,0003 0,0112
Cu 0,0025 0,0008 0,0093 0,0003 0,0730 0,0012 0,0006 0,0020 0,0003 0,0098 0,0052 0,0006 0,0232 0,0003 0,1820
Zn 0,0365 0,0150 0,0802 0,0040 0,5090 0,0170 0,0060 0,0392 0,0005 0,1760 0,1075 0,0090 0,3833 0,0005 4,3750
As 0,0006 0,0005 0,0006 0,0005 0,0045 0,0008 0,0005 0,0010 0,0005 0,0052 0,0006 0,0005 0,0003 0,0005 0,0035
Cd 0,0003 0,0003 0,0000 0,0003 0,0005 0,0003 0,0003 0,0000 0,0003 0,0005 0,0003 0,0003 0,0001 0,0003 0,0012
Se 0,0007 0,0005 0,0006 0,0005 0,0042 0,0006 0,0005 0,0002 0,0005 0,0014 0,0006 0,0005 0,0004 0,0005 0,0035
Pb 0,0006 0,0005 0,0003 0,0005 0,0020 0,0011 0,0010 0,0008 0,0005 0,0040 0,0051 0,0005 0,0266 0,0005 0,2120
Hg 0,0001 0,0001 0,0001 0,0001 0,0005 0,0001 0,0001 0,0001 0,0001 0,0005 0,0001 0,0001 0,0001 0,0001 0,0008
Ba 0,0483 0,0400 0,0192 0,0100 0,1100 01114 0,0700 0,0916 0,0200 0,4600 0,1147 0,0900 0,1050 0,0050 1,2400
Al 0,1431 0,0600 0,2032 0,0050 1,0500 0,1203 0,0200 0,2094 0,0050 0,9000 0,1457 0,0300 0,4032 0,0050 4,7700
Sb 0,0001 0,0001 0,0000 0,0001 0,0002 0,0001 0,0001 0,0000 0,0001 0,0003 0,0001 0,0001 0,0001 0,0001 0,0011

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 15

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody vulkanického neogénu

Groundwaters of Neogene volcanics

Efuziva kyslé (n = 25)
Acid effusives (n = 25)

Podzemné vody vulkanického neogénu
Groundwaters of Neogene volcanics

Efuziva bazické (n = 8)
Mafic effusives (n = 8)

Podzemné vody vulkanického neogénu
Groundwaters of Neogene volcanics

Efuziva intermedialne (n = 451)
Intermediate effusives (n = 451)

Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max. Mean Median Star_]d_ard Min. Max.
Deviation Deviation Deviation

pH 7,30 7,39 041 6,12 787 7,52 7,45 0,49 7,00 8,20 7,28 7,40 0,50 5,20 8,80
Mineralizécia / T.D.S. 222,14 181,65 114,73 81,64 508,68 457,85 444,38 180,95 178,21 712,10 215,81 186,23 107,88 60,57 825,57
Ca+Mg (mmol.I") 0,832 0,500 0,707 0,160 2,880 2,319 2,010 1,379 0,640 4411 0,892 0,709 0,627 0,151 4211
Tvrdost / Hardness (°N) 4,493 2,799 4,081 0,883 16,129 12,987 11,258 7,722 3,584 24,700 4,907 3,865 3,526 0,845 23,579
Vodivost / Conductivity (uS.cm™) | 222,8 175,0 123,8 93,0 509,0 4498 4255 187,3 187,0 730,0 2103 179,0 1172 62,0 894,0
Volny CO, / Free CO, (mmol.I") 0,45 0,35 0,60 0,10 3,15 0,55 0,45 0,46 0,10 1,30 0,32 0,20 0,54 0,00 8,46
0, 72 72 28 14 11,2 7,2 7.9 2,6 28 98 71 73 24 0,4 145
ChSKy, / COD , 1,62 1,12 1,35 0,48 5,52 2,00 2,08 1,01 0,48 3,52 1,77 1,28 1,46 0,32 12,00
Li 0,006 0,004 0,005 0,001 0,019 0,012 0,001 0,023 0,001 0,065 0,004 0,001 0,006 0,001 0,066
Na 8,04 6,90 441 2,60 23,20 14,61 17,45 594 5,80 20,40 745 6,40 4,97 1,60 40,00
K 4,18 3,60 2,71 1,60 13,90 5,88 5,50 4,13 1,20 11,10 2,30 1,80 2,62 0,05 41,00
NH, 0,035 0,025 0,028 0,025 0,150 0,028 0,025 0,009 0,025 0,050 0,053 0,025 0,089 0,025 1,100
Ca 23,12 14,43 18,45 441 71,34 54,21 46,50 29,93 16,83 99,40 25,23 20,04 17,70 4,41 115,43
Mg 6,19 3,40 6,55 1,22 26,75 23,50 20,67 15,46 5,35 4791 6,38 4,86 5,05 0,80 39,37
Sr 0,122 0,080 0,092 0,020 0,340 0,203 0,190 0,085 0,080 0,360 0,123 0,100 0,113 0,010 1,820
Fe 0,061 0,030 0,075 0,005 0,340 0,014 0,005 0,025 0,005 0,075 0,081 0,017 0,453 0,005 6,890
Mn 0,003 0,003 0,002 0,003 0,010 0,008 0,003 0,011 0,003 0,032 0,021 0,003 0,074 0,003 0,870
F 0,05 0,05 0,01 0,05 o1 0,13 0,14 0,06 0,05 0,21 0,07 0,05 0,08 0,05 1,30
Cl 4,94 3,55 4,35 1,06 18,44 10,48 9,49 5,38 4,79 17,55 3,96 2,48 5,67 0,71 53,36
SO, 26,72 23,25 15,18 543 62,84 28,18 22,41 21,21 4,32 74,65 23,83 19,83 21,49 1,07 216,49
NO, 10,20 7,60 10,44 0,25 33,30 12,88 4,80 15,12 0,25 38,90 5,29 2,00 71 0,25 39,30
PO, 0,239 0,080 0,430 0,005 2,000 0,173 0,165 0,161 0,005 0,400 0,116 0,040 0,326 0,005 4,700
HCO, 78,37 51,26 81,87 9,15 329,50 259,10 214,48 143,69 76,27 500,36 90,88 73,20 69,25 10,98 504,62
CO, 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,02 0,00 041 0,00 8,40
H,SiO, 58,97 51,92 23,24 29,49 107,73 48,22 57,09 15,79 23,71 61,16 49,55 49,71 17,97 10,90 121,52
agr.CO, / aggr. CO, 15,95 12,54 16,16 0,00 80,52 6,46 0,00 14,22 0,00 40,92 17,24 15,40 13,49 0,00 72,38
Cr 0,0004 0,0003 0,0007 0,0003 0,0037 0,0004 0,0003 0,0003 0,0003 0,0008 0,0006 0,0003 0,0010 0,0003 0,0145
Cu 0,0009 0,0007 0,0007 0,0003 0,0031 0,0006 0,0003 0,0007 0,0003 0,0018 0,0096 0,0009 0,0322 0,0002 0,3360
Zn 0,0826 0,0030 0,3849 0,0005 1,9300 0,0255 0,0190 0,0198 0,0060 0,0680 0,0822 0,0080 0,5234 0,0005 8,8200
As 0,0070 0,0026 0,0096 0,0005 0,0408 0,0005 0,0005 0,0000 0,0005 0,0005 0,0012 0,0005 0,0019 0,0005 0,0210
Cd 0,0003 0,0003 0,0001 0,0003 0,0005 0,0003 0,0003 0,0000 0,0003 0,0003 0,0004 0,0003 0,0005 0,0003 0,0071
Se 0,0005 0,0005 0,0000 0,0005 0,0005 0,0005 0,0005 0,0000 0,0005 0,0005 0,0006 0,0005 0,0004 0,0005 0,0074
Pb 0,0007 0,0005 0,0009 0,0005 0,0050 0,0009 0,0005 0,0009 0,0005 0,0030 0,0022 0,0005 0,0085 0,0005 0,1420
Hg 0,0001 0,0001 0,0000 0,0001 0,0001 0,0001 0,0001 0,0000 0,0001 0,0001 0,0001 0,0001 0,0002 0,0001 0,0034
Ba 0,0494 0,0300 0,0539 0,0050 0,2000 0,0231 0,0100 0,0291 0,0050 0,0900 0,0146 0,0050 0,0202 0,0050 0,1100
Al 0,7362 0,1600 2,2709 0,0050 | 11,5200 0,1850 0,0500 0,3579 0,0100 1,0600 0,3272 0,1000 0,8208 0,0050 | 10,1400
Sb 0,0004 0,0001 0,0007 0,0001 0,0035 0,0001 0,0001 0,0000 0,0001 0,0001 0,0002 0,0001 0,0003 0,0001 0,0042

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH

Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY TAB. 16 BASIC STATISTICAL CHARACTERISTICS

CHEMICKEHO ZLOZENIA PODZEMNYCH VOD REGARDING GROUNDWATER CHEMISTRY
Podzemné vody vulkanického neogénu Podzemné vody vulkanického neogénu Podzemné vody vulkanického neogénu
Groundwaters of Neogene volcanics Groundwaters of Neogene volcanics Groundwaters of Neogene volcanics
Pyroklastika (n = 1 031) Efuziva + zrudnenie (n = 25) Pyroklastika +antropogénny vplyv (n = 114)
Pyroclastics (n = 1031) Effusives + ore mineralization (n = 25) Paroclastics + man-made effects (n = 114)
Mean Median Sta'.‘d’f“d Min. Max. Mean Median Star]de_ird Min. Max. Mean Median Sta'.‘d’?‘rd Min. Max.
Deviation Deviation Deviation
pH 7,14 7,20 0,46 5,10 9,50 7,26 7,50 1,25 2,39 9,80 6,96 7,03 0,45 5,51 7,90
Mineralizacia / T.D.S. 250,39 215,10 142,68 4886  |1078,94 520,56 465,92 357,29 120,75  |1861,89 622,61 533,53 319,47 148,95 |1677,32
Ca+Mg (mmol.I") 1,047 0,795 0,823 0,170 6,300 2,945 2,360 2,445 0,540 12,882 3,039 2,430 1,759 0,350 9,811
Tvrdost / Hardness (°N) 5,755 4,368 4,615 0,706 35,283 11,013 11,068 7,612 0,001 27,613 14,620 12,098 10,853 0,647 54,944
Vodivost / Conductivity (uS.cm™) | 245,1 202,0 1545 50,0 1205,0 | 551,4 504,0 326,0 138,0 1620,0 | 6814 591,5 350,9 145,0 1889,0
Volny CO, / Free CO, (mmol.I") 0,45 0,35 0,44 0,00 7,50 0,82 0,20 2,06 0,00 10,30 0,96 0,55 2,02 0,04 21,00
0, 6,9 71 25 0,2 14,0 6,4 6,5 2,7 11 10,9 57 5,6 25 01 11,2
ChSKy, / COD y, 1,92 1,36 2,13 0,32 40,00 111 0,96 0,68 0,40 3,36 2,76 2,28 1,87 0,64 13,76
Li 0,005 0,002 0,010 0,001 0,124 0,012 0,007 0,013 0,001 0,052 0,007 0,002 0,012 0,001 0,088
Na 7,81 6,50 543 0,80 71,00 11,30 9,30 5,56 4,00 24,00 24,39 19,80 17,68 5,50 85,20
K 3,52 2,60 4,73 0,05 69,50 2,29 1,60 2,12 0,50 10,10 22,69 6,40 35,09 0,60 204,00
NH, 0,054 0,025 0,092 0,025 1,080 0,142 0,025 0,391 0,025 1,800 0,167 0,025 1,261 0,025 13,500
Ca 29,06 21,64 23,02 3,61 194,79 85,04 74,95 69,33 14,83 363,93 85,06 69,14 50,24 8,02 294,99
Mg 7,83 5,84 6,49 1,22 46,69 20,01 14,35 18,08 4,01 92,42 22,30 18,48 13,07 3,40 81,72
Sr 0,142 0,110 0,287 0,005 8,820 0,357 0,310 0,273 0,080 1,320 0,364 0,325 0,187 0,050 1,270
Fe 0,076 0,012 0,368 0,005 8,680 0,654 0,012 3,022 0,005 15,150 0,246 0,010 1,076 0,005 7,526
Mn 0,032 0,003 0,127 0,003 1,897 0,742 0,003 2,391 0,003 11,800 0,217 0,004 0,879 0,003 6,487
F 0,08 0,05 0,06 0,05 0,62 0,09 0,05 0,17 0,05 0,90 0,10 0,05 0,08 0,05 0,44
cl 6,28 2,66 9,38 0,71 89,17 737 2,48 9,05 1,06 29,61 54,95 39,71 43,09 7,62 222,63
SO, 21,73 15,97 24,97 0,49 354,30 213,06 120,98 27341 27,61  |1297,87 71,21 61,87 44,58 2,14 269,00
NO, 6,65 3,70 8,09 0,25 39,80 3,88 0,25 8,10 0,25 28,20 80,78 65,80 65,83 0,25 389,00
PO, 0,145 0,030 0,502 0,005 8,700 0,037 0,005 0,073 0,005 0,290 0,998 0,215 2,276 0,005 16,000
HCO, 110,10 85,43 90,72 7,32 667,54 137,02 114,71 108,21 0,01 459,47 209,97 169,02 162,60 6,71 747,47
CO, 0,00 0,00 0,00 0,00 0,00 041 0,00 2,04 0,00 10,20 0,00 0,00 0,00 0,00 0,00
H,SiO, 56,40 55,72 19,50 8,66 111,42 34,43 26,26 25,25 15,10 130,45 48,22 49,24 18,61 4,78 89,17
agr.CO, / aggr. CO, 17,95 16,94 14,30 0,00 93,72 10,85 528 15,10 0,00 50,82 13,36 4,18 16,67 0,00 67,10
Cr 0,0027 0,0003 0,0214 0,0003 0,3268 0,0013 0,0003 0,0041 0,0003 0,0204( 0,0032 0,0003 0,0215 0,0003 0,2280
Cu 0,0070 0,0008 0,0299 0,0003 0,3910 0,0086 0,0018 0,0257 0,0003 0,1280 0,0075 0,0015 0,0240 0,0003 0,1620
Zn 0,0824 0,0100 0,5661 0,0005 | 16,4000 0,4545 0,0240 1,0115 0,0010 3,6800 0,6750 0,0840 2,6910 0,0005 | 25,2000
As 0,0015 0,0005 0,0060 0,0005 0,1270 0,0009 0,0005 0,0010 0,0005 0,0049 0,0020 0,0005 0,0031 0,0005 0,0220
Cd 0,0018 0,0003 0,0327 0,0003 0,9005 0,0005 0,0003 0,0007 0,0003 0,0031 0,0004 0,0003 0,0006 0,0003 0,0051
Se 0,0006 0,0005 0,0004 0,0005 0,0046 0,0009 0,0005 0,0014 0,0005 0,0073 0,0007 0,0005 0,0005 0,0005 0,0029
Pb 0,0014 0,0005 0,0043 0,0005 0,0960 0,0014 0,0005 0,0033 0,0005 0,0170 0,0021 0,0005 0,0055 0,0005 0,0340
Hg 0,0001 0,0001 0,0001 0,0001 0,0018 0,0002 0,0001 0,0003 0,0001 0,0014( 0,0001 0,0001 0,0001 0,0001 0,0009
Ba 0,0263 0,0100 0,0339 0,0050 0,4000 0,0110 0,0050 0,0198 0,0050 0,1000 0,1173 0,1000 0,0861 0,0050 0,4000
Al 0,3594 0,0900 1,1548 0,0050 | 28,4300 3,2374 0,0600 | 12,0904 0,0050 | 58,2000 0,1296 0,0600 0,2590 0,0050 2,1800
Sb 0,0002 0,0001 0,0005 0,0001 0,0104 0,0001 0,0001 0,0000 0,0001 0,0002 0,0003 0,0001 0,0013 0,0001 0,0128
Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH Note: data in mg.I" except for pH and otherwise stated

112



ZAKLADNE STATISTICKE CHARAKTERISTIKY

CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 17

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody sedimentarneho neogénu Podzemné vody sedimentarneho neogénu Podzemné vody kvartéru
Groundwaters of Neogene sediments Groundwaters of Neogene sediments Groundwaters of the Quarternary
Piescito-Strkovito-ilovité sedimenty
+ antropogénny vplyv (n = 1 575)
Piescito-Strkovito-ilovité sedimenty (n = 1 028) Sandy-gravelly-clayey sediments Glacigénne sedimenty (n = 46)
Sandy-gravelly-clayey sediments (n = 1 028) + man-made effects (n = 1575) Glacial sediments (n = 46)
Mean Median Star_]d_ard Min. Max. Mean Median Star]d_ard Min. Max. Mean Median Star_]d_ard Min. Max.
Deviation Deviation Deviation

pH 7,32 7,30 0,40 5,76 9,89 7,19 7,20 0,36 5,35 8,56 7,06 7,10 0,60 5,28 8,26
Mineralizécia / T.D.S. 643,00 641,50 265,10 4920 193580 |1028,60 979,60 401,80 136,40 |2736,10 75,49 52,63 64,16 24,61 352,30
Ca+Mg (mmol.I") 3,561 3,536 1,721 0,120 13,021 5,673 5,491 2,337 0,270 18,163 0,344 0,198 0,374 0,060 1,600
Tvrdost / Hardness (°N) 19,705 19,728 9,292 0,294 61,232 29,728 29,907 11,821 0,589 74,187 1,927 1,109 2,096 0,336 8,962
Vodivost / Conductivity (uS.cm™) | 688,1 686,5 289,6 54,5 2200,0 |11152,0 1097,0 | 454,8 156,0 3180,0| 804 62,0 69,8 26,0 370,0
Volny CO, / Free CO, (mmol.I") 0,77 0,65 0,69 0,00 11,50 0,99 0,84 0,75 0,00 9,50 o1 0,10 0,06 0,03 0,25
0, 54 53 2,7 0,0 134 5,2 51 25 0,0 12,9 85 8,7 12 6,3 10,6
ChSKy, / COD , 2,25 1,60 2,26 0,28 38,80 2,87 2,16 2,43 0,40 38,00 2,57 1,56 2,72 0,64 17,60
Li 0,027 0,014 0,044 0,001 0,500 0,027 0,015 0,037 0,001 0,460 0,003 0,001 0,009 0,001 0,060
Na 21,06 15,20 2311 1,10 260,00 41,79 32,00 33,75 1,00 305,00 2,15 1,40 3,39 0,20 23,20
K 5,53 2,10 11,31 0,05 114,00 21,26 2,50 53,16 0,05 460,00 0,40 0,20 1,13 0,05 7,80
NH, 0,068 0,025 0,300 0,025 6,900 0,053 0,025 0,120 0,025 2,350 0,333 0,038 0,435 0,025 1,580
Ca 91,93 89,78 44,49 2,40 352,70 136,64 132,26 55,34 6,81 405,61 9,81 6,29 9,96 1,60 40,88
Mg 30,81 28,58 18,82 0,50 114,55 55,03 47,74 35,78 2,43 328,15 2,40 1,15 3,20 0,50 15,08
Sr 0,343 0,300 0,229 0,005 1,970 0,517 0,470 0,308 0,005 6,410 0,072 0,040 0,127 0,010 0,850
Fe 0,075 0,005 0,345 0,005 6,547 0,071 0,005 0,424 0,005 9,047 0,079 0,005 0,184 0,005 0,991
Mn 0,069 0,007 0,195 0,003 2,931 0,105 0,005 0,585 0,003 16,060 0,005 0,003 0,006 0,003 0,030
F 0,18 0,16 011 0,05 1,10 0,20 0,18 0,16 0,05 4,00 0,05 0,05 0,02 0,05 0,12
Cl 22,69 17,37 18,52 1,06 89,00 81,31 65,95 58,10 1,95 535,30 1,30 1,15 0,72 0,53 4,25
SO, 70,70 42,88 91,87 030 [1019,00 124,83 102,79 98,22 2,02 |1078,83 8,83 6,13 13,79 1,07 97,48
NO, 14,88 13,25 12,79 0,25 39,90 127,63 93,30 111,85 0,25 862,70 1,76 1,20 2,26 0,25 12,80
PO, 0,184 0,020 0,501 0,005 7,600 0,520 0,020 1,820 0,005 20,000 0,018 0,005 0,028 0,005 0,130
HCO, 353,32 374,96 151,18 3,05 937,85 411,43 424,08 164,43 6,10 |1067,85 36,36 18,92 38,22 7,93 162,31
CO, 0,19 0,00 1,93 0,00 36,60 0,07 0,00 114 0,00 22,20 0,00 0,00 0,00 0,00 0,00
H,SiO, 30,40 25,07 17,74 1,25 111,13 26,30 22,69 11,64 0,51 95,53 11,69 8,79 8,95 2,02 51,48
agr.CO, / aggr. CO, 3,80 0,00 10,43 0,00 92,62 2,59 0,00 8,57 0,00 75,02 22,05 25,52 12,97 0,00 45,54
Cr 0,0012 0,0005 0,0023 0,0003 0,0415 0,0017 0,0008 0,0026 0,0003 0,0253 0,0004 0,0003 0,0002 0,0003 0,0013
Cu 0,0067 0,0010 0,0307 0,0003 0,3380 0,0052 0,0014 0,0259 0,0003 0,5000 0,0008 0,0003 0,0012 0,0003 0,0072
Zn 0,2983 0,0460 0,9626 0,0005 | 14,4200 0,5639 0,1630 1,3260 0,0005 | 14,2900 0,0136 0,0005 0,0506 0,0005 0,3450
As 0,0017 0,0005 0,0099 0,0005 0,3050 0,0013 0,0005 0,0038 0,0005 0,1150 0,0011 0,0005 0,0025 0,0005 0,0176
Cd 0,0004 0,0003 0,0030 0,0003 0,0960 0,0014 0,0003 0,0407 0,0003 1,6100 0,0003 0,0003 0,0001 0,0003 0,0010
Se 0,0011 0,0005 0,0019 0,0005 0,0232 0,0015 0,0005 0,0027 0,0005 0,0400 0,0006 0,0005 0,0003 0,0005 0,0017
Pb 0,0018 0,0005 0,0080 0,0005 0,2250 0,0017 0,0010 0,0087 0,0005 0,2700 0,0010 0,0005 0,0009 0,0005 0,0050
Hg 0,0029 0,0001 0,0286 0,0001 0,5000 0,0043 0,0001 0,0406 0,0001 0,9000 0,0002 0,0001 0,0002 0,0001 0,0013
Ba 0,0706 0,0500 0,0735 0,0050 0,8900 0,1025 0,0800 0,0837 0,0050 1,2100 0,0258 0,0100 0,0319 0,0050 0,1300
Al 0,1860 0,0300 1,7907 0,0050 | 56,5900 0,0998 0,0200 0,6599 0,0050 | 23,4400 0,1597 0,0400 0,4085 0,0050 2,6000
Sb 0,0003 0,0001 0,0046 0,0001 0,1450 0,0002 0,0001 0,0004 0,0001 0,0069 0,0001 0,0001 0,0000 0,0001 0,0003

Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH

Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY TAB. 18 BASIC STATISTICAL CHARACTERISTICS

CHEMICKEHO ZLOZENIA PODZEMNYCH VOD REGARDING GROUNDWATER CHEMISTRY
Podzemné vody kvartéru Podzemné vody kvartéru Podzemné vody kvartéru
Groundwaters of the Quarternary Groundwaters of the Quarternary Groundwaters of the Quarternary
Fluvialne sedimenty rieénych niv
+ antropogénny vplyv (n = 1 753)
Glaciofluvialne sedimenty (n = 84) Fluvialne sedimenty rie¢nych niv (n = 1 405) Floodpalin fluvial sediments
Glaciofluvial sediments (n = 84) Floodpalin fluvial sediments (n = 1 405) + man-made effect (n = 1753)
Mean Median Sta'.‘d’f“d Min. Max. Mean Median Star]de_ird Min. Max. Mean Median Sta'.‘d’?‘rd Min. Max.
Deviation Deviation Deviation
pH 7,18 7,23 0,55 543 8,13 7,33 7,35 0,38 417 9,55 7,18 7,20 0,34 5,67 9,25
Mineralizacia / T.D.S. 225,46 112,66 205,48 29,70 792,37 636,40 610,80 235,80 67,20 |1830,50 [1063,60 980,60 420,70 162,60 |3203,60
Ca+Mg (mmol.I") 1,255 0,495 1,347 0,062 5,160 3,557 3,461 1,435 0,140 11,981 5,596 5,201 2,221 0,780 18,854
Tvrdost / Hardness (°N) 7,018 2,738 7,553 0,347 28,898 19,683 19,266 7,923 0,001 50,742 29,239 28,058 11,153 2414 83,575
Vodivost / Conductivity (uS.cm™) | 249,2 1205 2388 33,0 993,0 704,0 670,0 264,4 82,9 2170,01188,9 1090,0 | 480,8 129,0 3640,0
Volny CO, / Free CO, (mmol.I") 0,26 0,15 0,24 0,03 1,15 0,71 0,50 0,67 0,00 10,77 1,07 0,85 1,03 0,00 24,50
0, 79 8,0 2,3 15 12,9 4,2 39 24 0,0 139 45 4,2 2,3 0,0 13,4
ChSKy, / COD y, 2,92 1,72 3,10 0,40 20,00 2,16 1,76 1,58 0,40 17,04 2,95 2,40 2,14 0,20 2328
Li 0,005 0,001 0,007 0,001 0,042 0,013 0,007 0,030 0,001 0,700 0,021 0,012 0,031 0,001 0,431
Na 5,58 4,10 5,33 0,30 28,00 23,67 16,40 26,48 0,70 315,00 47,06 36,50 3841 5,10 370,00
K 0,90 0,60 1,06 0,05 5,00 741 3,00 14,39 0,05 185,90 37,19 8,50 68,16 0,10 525,00
NH, 0,147 0,025 0,277 0,025 1,440 0,078 0,025 0,261 0,025 5,900 0,114 0,025 0,841 0,025 24,500
Ca 35,68 15,03 38,85 1,84 155,11 96,07 93,79 38,38 321 354,31 142,66 135,87 53,44 14,03 519,04
Mg 8,87 3,58 9,57 0,50 35,02 28,22 25,78 15,86 1,22 125,00 49,51 42,07 30,74 4,86 308,86
Sr 0,147 0,095 0,140 0,010 0,630 0,376 0,360 0,198 0,005 2,670 0,524 0,490 0,256 0,010 3,040
Fe 0,083 0,020 0,173 0,005 1,390 0,124 0,015 0,409 0,005 5,646 0,326 0,011 1,668 0,005 25,410
Mn 0,060 0,008 0,149 0,003 1,062 0,211 0,021 0,481 0,003 9,990 0,301 0,012 0,828 0,003 13,330
F 0,07 0,05 0,04 0,05 0,19 014 0,12 0,13 0,05 3,00 0,15 0,13 0,12 0,05 2,50
cl 8,71 2,30 13,84 0,53 73,75 29,79 25,71 19,81 1,06 92,72 80,18 64,35 56,19 3,37 484,25
SO, 25,67 13,70 30,68 1,44 138,18 89,48 68,80 76,16 0,30  |1015,46 17111 139,79 118,59 0,53 911,35
NO, 4,65 1,60 6,60 0,25 25,90 12,64 9,30 12,24 0,25 39,90 103,45 72,40 100,78 0,25 976,60
PO, 0,024 0,005 0,044 0,005 0,260 0,170 0,005 0,703 0,005 13,500 0,609 0,010 2,170 0,005 23,400
HCO, 118,69 57,67 117,97 10,37 408,83 328,12 320,34 124,33 0,01 890,89 407,00 397,23 162,16 25,02 | 1136,16
CO, 0,00 0,00 0,00 0,00 0,00 014 0,00 1,50 0,00 32,40 0,09 0,00 134 0,00 33,00
H,SiO, 15,74 13,59 9,09 0,97 63,25 19,24 15,33 12,87 0,31 106,02 22,57 19,63 11,97 0,44 100,89
agr.CO, / aggr. CO, 16,45 12,43 16,33 0,00 61,60 2,04 0,00 7,09 0,00 57,64 2,05 0,00 7,87 0,00 113,96
Cr 0,0012 0,0003 0,0029 0,0003 0,0181 0,0010 0,0003 0,0025 0,0003 0,0561 0,0017 0,0005 0,0093 0,0003 0,2267
Cu 0,0011 0,0003 0,0017 0,0003 0,0098 0,0041 0,0011 0,0325 0,0003 1,0640 0,0065 0,0017 0,0928 0,0003 3,8160
Zn 0,0254 0,0020 0,0848 0,0005 0,5860 0,3321 0,0970 0,7402 0,0005 8,8500 0,5716 0,1780 1,3345 0,0005| 19,7500
As 0,0007 0,0005 0,0006 0,0005 0,0040 0,0016 0,0005 0,0051 0,0005 0,0930 0,0016 0,0005 0,0032 0,0005 0,0680
Cd 0,0003 0,0003 0,0000 0,0003 0,0005 0,0029 0,0003 0,0598 0,0003 2,0240 0,0022 0,0003 0,0434 0,0003 1,3440
Se 0,0005 0,0005 0,0002 0,0005 0,0016 0,0009 0,0005 0,0015 0,0005 0,0350 0,0017 0,0005 0,0032 0,0005 0,0450
Pb 0,0015 0,0005 0,0033 0,0005 0,0270 0,0028 0,0005 0,0358 0,0005 1,2920 0,0016 0,0005 0,0092 0,0005 0,2660
Hg 0,0002 0,0001 0,0002 0,0001 0,0013 0,0027 0,0001 0,0459 0,0001 1,6000 0,0013 0,0001 0,0162 0,0001 0,3000
Ba 0,0446 0,0300 0,0445 0,0050 0,2300 0,0833 0,0600 0,0913 0,0050 1,8700 0,1009 0,0800 0,0774 0,0050 0,9100
Al 0,2017 0,0600 0,3856 0,0050 2,2300 0,0702 0,0200 0,2997 0,0050 9,6100 0,0616 0,0200 0,1997 0,0050 5,8900
Sb 0,0008 0,0001 0,0036 0,0001 0,0270 0,0005 0,0001 0,0038 0,0001 0,1263 0,0003 0,0001 0,0022 0,0001 0,0631
Udaje st v mg.I" s vynimkou vyznagenych jednotiek a pH Note: data in mg.I" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD

TAB. 19

BASIC STATISTICAL CHARACTERISTICS
REGARDING GROUNDWATER CHEMISTRY

Podzemné vody kvartéru Podzemné vody kvartéru
Groundwaters of the Quarternary Groundwaters of the Quarternary
Nizné sedimenty bez vztahu k riekam
+ antropogénny vplyv (n = 24)
Nizné sedimenty bez vztahu k riekam (n = 48) Lowland sediments unrelated to rivers
Lowland sediments unrelated to rivers (n = 48) +man-made effects (n = 24)
Mean Median Star}dgrd Min. Max. Mean Median Staqdard Min. Max.
Deviation Deviation

pH 71 7,10 0,54 5,37 8,34 7,19 7,20 0,33 6,18 7,78
Mineralizacia / T.D.S. 340,01 235,08 243,59 84,70  |1331,16 760,43 808,83 342,51 248,70  |1438,20
Ca+Mg (mmol.I") 1,928 1,350 1,417 0,480 6,691 4,061 3,910 1,916 1,360 7,880
Turdost / Hardness (°N) 9,372 6,664 7,538 0,235 37,470 19,658 19,106 10,869 3,533 43,571
Vodivost / Conductivity (uS.cm™) | 375,9 2715 262,9 92,0 1438,0 | 8269 7785 386,7 274,0 1490,0
Volny CO, / Free CO, (mmol.I") 0,35 0,25 0,32 0,00 1,80 0,53 0,44 0,35 0,10 1,40
0, 52 52 2,2 14 93 51 50 2,0 1,6 9,2
ChSKy, / COD y, 4,15 2,44 3,57 0,72 16,48 545 4,42 4,63 0,88 20,88
Li 0,007 0,004 0,008 0,001 0,031 0,019 0,008 0,019 0,001 0,056
Na 10,22 6,20 11,02 2,60 55,00 26,50 18,95 20,24 4,30 74,40
K 3,45 1,20 9,88 0,20 69,00 2541 9,50 36,44 0,60 148,00
NH, 0,079 0,025 0,089 0,025 0,400 0,075 0,025 0,098 0,025 0,470
Ca 57,53 39,08 39,56 14,43 141,08 119,91 121,65 59,76 36,87 270,10
Mg 11,98 6,94 14,61 243 97,52 26,01 23,04 13,64 8,27 46,69
Sr 0,217 0,180 0,146 0,050 0,580 0,405 0,365 0,229 0,090 1,240
Fe 0,146 0,023 0,339 0,005 1,450 0,044 0,013 0,129 0,005 0,641
Mn 0,139 0,037 0,303 0,003 1,893 0,042 0,017 0,058 0,003 0,194
F 0,10 0,05 0,08 0,05 0,44 0,10 0,08 0,06 0,05 0,24
cl 14,95 6,29 18,81 0,89 98,04 48,47 51,42 25,88 2,13 96,80
SO, 78,52 46,34 73,85 4,73 322,82 121,54 120,18 56,63 7,32 292,33
NO, 8,64 6,60 8,90 0,25 36,60 129,87 98,70 79,63 0,25 279,20
PO, 0,094 0,010 0,209 0,005 1,000 1,006 0,070 2,115 0,005 10,000
HCO, 133,49 80,24 134,95 2,44 711,47 234,23 206,55 134,56 36,61 508,28
CO, 11 0,00 512 0,00 31,80 0,00 0,00 0,00 0,00 0,00
H,SiO, 18,87 19,20 6,62 0,34 45,70 23,62 20,87 9,40 8,31 45,78
agr.CO, / aggr. CO, 1591 16,28 16,18 0,00 78,10 3,47 0,00 8,62 0,00 36,74
Cr 0,0024 0,0012 0,0025 0,0003 0,0083 0,0024 0,0019 0,0022 0,0003 0,0079
Cu 0,0012 0,0009 0,0011 0,0003 0,0043 0,0039 0,0016 0,0048 0,0003 0,0216
Zn 0,3438 0,0255 1,5250 0,0005 | 10,5560 0,5248 0,2405 0,8913 0,0140 4,3230
As 0,0013 0,0005 0,0018 0,0005 0,0114 0,0021 0,0005 0,0035 0,0005 0,0158
Cd 0,0003 0,0003 0,0001 0,0003 0,0011 0,0003 0,0003 0,0001 0,0003 0,0005
Se 0,0005 0,0005 0,0003 0,0005 0,0022 0,0012 0,0005 0,0013 0,0005 0,0055
Pb 0,0012 0,0010 0,0011 0,0005 0,0070 0,0013 0,0010 0,0013 0,0005 0,0060
Hg 0,0001 0,0001 0,0000 0,0001 0,0003 0,0001 0,0001 0,0001 0,0001 0,0004
Ba 0,0497 0,0400 0,0373 0,0050 0,1500 0,0896 0,0800 0,0599 0,0100 0,2300
Al 0,0743 0,0300 0,1831 0,0050 1,2100 0,0485 0,0200 0,0791 0,0050 0,3600
Sb 0,0002 0,0001 0,0001 0,0001 0,0007 0,0003 0,0001 0,0003 0,0001 0,0014

Udaje st v mg.I" s vynimkou vyznadenych jednotiek a pH

Note: data in mg.I"" except for pH and otherwise stated
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ZAKLADNE STATISTICKE CHARAKTERISTIKY TAB. 20 BASIC STATISTICAL CHARACTERISTICS
CHEMICKEHO ZLOZENIA PODZEMNYCH VOD REGARDING GROUNDWATER CHEMISTRY
Podzemné vody kvartéru Podzemné vody kvartéru
Groundwaters of the Quarternary Groundwaters of the Quarternary
Nizné sedimenty so vztahom k riekam
+ antropogénny vplyv (n = 454)
Nizné sedimenty so vztahom k riekam (n = 263) Lowland sediments related to rivers
Lowland sediments related to rivers (n = 263) +man-made effects (n = 454)
Mean Median Star]d_ard Min. Max. Mean Median Star)d_ard Min. Max.
Deviation Deviation

pH 7,29 7,32 0,38 6,20 8,21 7,27 7,28 0,32 5,75 8,55
Mineralizacia / T.D.S. 595,20 596,70 251,10 103,10  |1718,20 998,60 948,40 383,70 160,80 |2562,90
Ca+Mg (mmol.I") 3,269 3,200 1,591 0,340 10,834 5,551 5,216 2,293 0,760 14,830
Tvrdost / Hardness (°N) 17,696 17,417 8,558 1,904 43,215 28,470 27,810 11,224 1,413 73,543
Vodivost / Conductivity (uS.cm™) | 654,6 661,0 287,7 100,0 2010,0 (1110,7 1049,0 | 425,9 180,0 2700,0
Volny CO, / Free CO, (mmol.I") 0,72 0,56 0,86 0,03 8,10 0,77 0,64 0,57 0,00 5,60
0, 55 57 2,6 01 14,0 55 54 24 04 115
ChSKy, / COD , 2,23 1,60 191 0,40 15,20 31 2,32 2,96 0,40 42,40
Li 0,017 0,007 0,036 0,001 0,434 0,023 0,014 0,040 0,001 0,687
Na 21,85 15,30 20,98 1,10 195,00 40,34 32,05 30,39 3,20 307,50
K 6,04 2,50 12,57 0,05 139,00 20,33 3,30 4571 0,05 320,00
NH, 0,053 0,025 0,101 0,025 1,200 0,114 0,025 1,072 0,025 22,650
Ca 84,68 81,76 40,60 9,62 280,32 132,45 124,25 52,47 20,04 394,19
Mg 28,10 24,81 17,54 2,43 93,36 54,62 46,45 34,21 6,08 218,03
Sr 0,334 0,290 0,214 0,030 1,510 0,505 0,460 0,272 0,030 2,800
Fe 0,129 0,013 0,609 0,005 7,765 0,129 0,011 0,578 0,005 6,060
Mn 0,100 0,003 0,349 0,003 2,992 0,097 0,005 0,383 0,003 4,620
F 0,13 o1 0,09 0,05 0,50 0,17 0,15 0,12 0,05 1,00
cl 26,68 21,81 19,97 1,60 89,53 76,75 66,39 49,57 5,67 340,32
SO, 80,39 54,94 94,05 0,82 786,58 135,53 107,10 108,48 7,08 937,97
NO, 16,82 16,10 12,96 0,25 41,20 118,31 82,25 110,08 0,25 955,90
PO, 0,360 0,030 1,174 0,005 10,750 0,568 0,010 2,114 0,005 25,000
HCO, 300,41 303,26 143,59 28,07 890,89 392,55 406,99 163,91 14,64 | 1138,60
CO, 0,21 0,00 1,76 0,00 17,40 011 0,00 1,77 0,00 36,60
H,SiO, 28,31 23,30 17,00 1,47 90,34 25,17 22,73 11,83 3,08 98,92
agr.CO, / aggr. CO, 5,94 0,00 12,19 0,00 67,76 2,79 0,00 8,82 0,00 78,10
Cr 0,0011 0,0005 0,0017 0,0003 0,0135 0,0017 0,0008 0,0034 0,0003 0,0545
Cu 0,0038 0,0013 0,0102 0,0003 0,084 0,0037 0,0019 0,0101 0,0003 0,1430
Zn 0,4188 0,077 1,4288 0,0005 | 18,300 0,6104 0,1710 1,8384 0,0005 | 25,0000
As 0,0021 0,0005 0,0066 0,0005 0,070 0,0016 0,0005 0,0031 0,0005 0,0455
Cd 0,0003 0,0003 0,0004 0,0003 0,0044 0,0003 0,0003 0,0006 0,0003 0,0090
Se 0,0009 0,0005 0,0017 0,0005 0,021 0,0013 0,0005 0,0014 0,0005 0,0120
Pb 0,0017 0,0005 0,007 0,0005 0,091 0,0013 0,0010 0,0025 0,0005 0,0440
Hg 0,0001 0,0001 0,0002 0,0001 0,0032 0,0001 0,0001 0,0002 0,0001 0,0029
Ba 0,0699 0,060 0,0526 0,005 0,400 0,0979 0,0800 0,0665 0,0050 0,5000
Al 0,1144 0,030 0,3286 0,005 3,820 0,1037 0,0200 0,3368 0,0050 3,7000
Sb 0,0007 0,0001 0,0079 0,0001 0,1275 0,0003 0,0001 0,0010 0,0001 0,0167
Udaije st v mg.I"" s vynimkou vyznacenych jednotiek a pH Note: data in mg.I" except for pH and otherwise stated
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PODZEMNE VODY KRYSTALINIKA Obr. 9 PODZEMNE VODY PALEOZOIKA

GROUNDWATERS OF THE CRYSTALLINE UNIT Fia. 9 GROUNDWATERS OF THE PALEOZOIC
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PODZEMNE VODY MEZOZOIKA Obr. 10 PODZEMNE VODY MEZOZOIKA

GROUNDWATERS OF THE MESOZOIC Fig. 10 GROUNDWATERS OF THE MESOZOIC
Ca(Mg)Cl 9. Ca(Mg)Cl
Ca(Mg)SO, Ca(Mg)SO0,
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PODZEMNE VODY MEZOZOIKA obr. 11 PODZEMNE VODY MEZOZOIKA

GROUNDWATERS OF THE MESOZOIC Fig. 11 GROUNDWATERS OF THE MESOZOIC
Ca(Mg)Cl 9. Ca(Mg)Cl
Ca(Mg)SO0, Ca(Mg)SO,
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PODZEMNE VODY CENTRALNO-KARPATSKEHO PALEOGENU
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PODZEMNE VODY CENTRALNO-KARPATSKEHO PALEOGENU Obr. 14 PODZEMNE VODY VULKANICKEHO NEOGENU

GROUNDWATYERS OF THE INNER CARPATHIAN PALEOGENE Fig. 14 GROUNDWATERS OF THE NEOGENE VOLCANICS
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PODZEMNE VODY KVARTERU Obr. 15 PODZEMNE VODY KVARTERU

GROUNDWATERS OF THE QUATERNARY Fig. 15 GROUNDWATERS OF THE QUATERNARY
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7. ZAVER

Prva Cast Geochemického atlasu Slovenska sumarizuje vysledky hydrogeoche-
mického mapovania uzemia Slovenska, dosiahnuté v ramci projektu ZP-547-
-008 Wyskum geologickych faktorov Zivotného prostredia a jeho Ciastkovej ulohy
02 Geochemicky atlas Slovenska. Projekt bol realizovany v rokoch 1991—-1995.
Dovedna sa odobralo a zahrnulo do spracovania 16 359vzoriek podzem-
nych vod, ¢o predstavuje Statistickil hustotu jedna vzorka na 3 km? Kom-
pilacia mapovych podkladov a interpretacné prace prebiehali v sulade s me-
todickymi postupmi akceptovanymi v ramci Medzinarodného geologického
korelacného programu (IGCP) ¢. 360 Baseline Geochemical Mapping.
Ziskané vysledky maju aj medzinarodnu dimenziu, preto su publikované
v dvojjazyCnej slovensko-anglickej verzii.

Hlavnym vysledkom prace su mapy distribucie hodnot koncentracie chemic-
kych prvkov, zloZiek a parametrov (mineralizacia, pH, vodivost, SiO,, Na, K,
Ca, Mg, Cl, SO,, NO;+NO,+NH,, PO,, HCO,, Sb, As, Ba, Cd, Cu, F, Al,
Cr, Li, Mn, Pb, Hg, Se, Sr, Zn, Fe, rozp. O,, ChSK,,,, CO,) v podzemnych
vodach prvého zvodneného horizontu z uzemia Slovenska v mierke
1:1000000.Po skonceni vSetkych analytickych prac na projekte ZP-547-
008 ¢. j. okrem vod, lesnej biomasy, hornin, radioaktivity i riecnych sedi-
mentov a pdod) budi osobitne spracované mapy geochemickych anomalii
vybranych ekologicky vyznamnych prvkov a zloZiek v mierke 1:200000.
Praca prinasa aj uceleny pohlad na regionalne rozdiely v chemickom zlo-
Zeni podzemnych vod prvého zvodneného horizontu s detailizaciou po-
znatkov pre hlavné hydrogeologické celky uzemia Slovenska.

Vsetky regionalne poznatky sa hodnotili aj z hladiska primarnych a sekundar-
nych faktorov tvorby chemického zloZenia podzemnych vod. Ukazalo sa, Ze na
vacsine uzemia Slovenska je posobenie primarnych faktorov prekryté posobe-
nim antropogénnych faktorov. Priemyselné, pol'nohospodarske a komunalne
znecistovanie podzemnych vod vytvorilo situaciu, ked predovSetkym v nizin-
nych oblastiach a v medzihorskych depresiach sa v povrchovej zone vyskytuji
plo$né suvislé zony kontaminovanych podzemnych vod s vysokymi koncentra-
ciami siranov, chloridov, dusi¢nanov, fosfore¢nanov, draslika, niektorych kovov
(najmé Zeleza a manganu), so zvySenymi hodnotami oxidovatelnosti, obsahu
agresivneho CO, a pod. Vsetky udaje sa budi musiet eSte podrobit ekologickej
analyze tak, aby sa zuzitkovali na prospech racionalneho a efektivneho rieSenia
problémov ochrany a tvorby Zivotného prostredia Slovenskej republiky.
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7. CONCLUSION

The submitted Atlas summarizes results of hydrogeochemical mapping of
Slovakia’s territory as part of the project ZP-547-008Research of Environ-
mental Factors and its partial task 02 Geochemical Atlas of Slovakia. The
task was implemented in 1991 —-1995.

A total of 16 359samples were collected and analysed, giving a stati-
stical density of 1 sample per 3 km? The maps were compiled and
interpreted in accordance with procedures accepted in the IGCP
Project No. 360 Baseline Geochemical Mapping. The results achieved
will be used internationally and therefore the Atlas is bilingual —
S 1 0] v a k -
-English.

The main part of the Atlas are maps showing distribution of chemical ele-
ments, components and parameters (T.D.S., pH, conductivity, SiO,, Na,
K, Ca, Mg, Cl, SO,, NO;+NO,+NH,, PO,, HCO,, Sb, As, Ba, Cd, Cu, F,
Al, Cr, Li, Mn, Pb, Hg, Se, Sr, Zn, Fe, dissolved O,, COD,,,, aggr. CO,)
in groundwaters of the first aquifer in Slovakia’s territory at scale 1:1 mil-
lion. Following the completion of all analytical works in the Project ZP-
547-008 {.e. except for waters, forest biomass, rocks, radioactivity, fluvial
sediments and soils), maps of geochemical anomalies of selected ecologi-
cally important elements and components will be compiled separately at
scale 1:200000.

The Atlas also gives an overall review of regional differences in groundwa-
ter chemistry of the first aquifer with detailed data on Slovakia’s principal
hydrogeological units.

All regional information is evaluated with respect to the importance
of primary and secondary factors affecting groundwater chemistry. It
has turned out that primary factors over most of Slovakia’s territory
are overshadowed by man-related factors. Industrial, agricultural and
household pollution of groundwaters over the past decade has created
continuous zones of near-surface groundwaters highly contaminated
with sulphates, chlorides, nitrates, phosphates, potassium, some
metals (notably iron and manganese), and with increased oxidability,
aggressive CO,, etc. particularly in lowlands and intermontane de-
pressions. All these data will have to undergo an environmental ana-
lysis and be applied in rational and effective solution of Slovakia’s
ecological problems.
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