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Abstract
Aims: Impact of potentially toxic elements (PTE) on
the health status of population of the Slovak Republic
has been studied in two historical mining areas with
ore extraction from Middle Ages (the Middle Slovak
Neovolcanics, the Slovak Ore Mts.) and one historical
mining area with more than hundred years brown coal
mining (Upper Nitra region).
Methods: The contents of PTE were analysed in groundwater/ drinking water and soils. The health status of
resident population was evaluated based on 43 health
indicators classified according to the international classification of diseases (ICD, 10th revision), including mainly
those indicators characterizing mortality on cardiovascular
and oncological diseases. In these areas the health status
of population living in municipalities with increased PTE
contents (As, Pb, Zn, Cu, Cd, Hg and Sb) was compared
with that in adjacent municipalities showing low PTE
contents.

Results: A total of 138 contaminated and 155 noncontaminated municipalities of similar socioeconomic, natural and geochemical-geological character were compared.
PTE contents in soils of polluted municipalities reported
considerably increased levels – between 2 to 10 times
higher in contrast to non-contaminated municipalities.
On the other hand, PTE contents in groundwater were
almost identical both in contaminated as well as noncontaminated areas and in majority of cases were below
limit standard values for drinking water.
Conclusion: Based on the assessment of the health status
of population (using 43 health indicators), no significant
difference in the health status of population in contaminated and non-contaminated municipalities has been reported.
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1

Introduction

The connection between the geological environment
and human health has been known since antiquity. Both
excess and deficiency chemical elements in the environment can result in possible negative health effects. Most
of the studies in medical geology and public health deal
with the influence of potentially toxic elements (PTE)
from geological materials (rocks, soil, water, stream sediments, ambient dust, etc.) in the environment on the
health of local population in geogenically or anthropogenically contaminated areas. Research focused on the impact
of increased arsenic contents, particularly in groundwater/drinking water, on human health is a typical example
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of these studies [1, 2]. Another important topic of concern is the historical mining sites throughout the world
because of the potentially adverse impact on the local
population of the mobilized geological materials containing PTEs [3, 4, 5, 6]. In these areas there is a higher
probability of potential health risks with regard to considerably increased contents of various PTE particularly
in soils and groundwater as a result of intense historical
mining activities.
In Slovakia there are several historical mining sites as
a heritage of long-term mining activities carried out in the
past (exploitation and processing of Ag-Au-Sb ores, PbZn-Cu ores, Hg ores, brown coal, etc.). The health status of population living in three historic mining areas of
c 2014 EuroMISE s.r.o.
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the Slovak Republic, where higher PTE contents were observed in geological components of the environment, was
compared with the health status of people living in adjacent areas of similar socioeconomic character and the
same or similar geological structure with low or no PTE
contamination. The main objective of this study was to
assess how, and to what extent, the PTE contamination
of the geological environment might influence the health
status of residents living in the selected historical mining
areas.

2

Material

The connection between the contaminated geological
environment in the selected historical mining sites and
the health status of the local population has been assessed
based on the data from national databases of environmental and health indicators [7].
The environmental indicators are the contents of chemical elements, components or values of chemical parameters analysed and measured in the environment [7]. In this
study we evaluate environmental indicators in groundwater and soils as these components of geological environment definitely show the most significant connection with
human health [8]. In addition, it is probable that PTE
contents in groundwater and soils can influence human
health to a great extent.
In Slovakia, groundwater is used as the source of drinking water for more than 90% of Slovak inhabitants [9]. The
soil is the base of food chain and represents that part of
the environment, where human life directly takes place.
Crops we eat are grown in soil and meat, eggs, and milk
come from animals the life of which is integrally connected
with the soil too. Moreover, children and also some adults
are known to ingest soil as well. Thus, there are numerous ways that people can be exposed to the trace elements
in soil. The soil and groundwater chemical contents are
determined as "total contents" (way of digestion and sampling methods and chemical analysis [10, 11, 12].
The set of environmental indicators and their mean
values for groundwater and soils in the Slovak Republic is
summarized in Table 1 (according to [7]).
The total number of chemical analyses for groundwater was 20, 339 and for soils 10, 738. The data included
analyses that have been collected since 1991, when the
modern environmental-geochemical mapping of the Slovak Republic started under the IGCP 360 Geochemical
Correlation Programme [13]. The density of groundwater
samples was about one sample per 2.5 km2 and of soil
samples about one sample per 5 km2 .
The health indicators (the indicators health status
and demographic development of population) are variables that can express the health status of people in society via direct measurement or observation [14]. We can
say whether the assessed health is good or bad, only when
a number of areas or time periods are subject to our evaluation. In addition, they must be compared to each other
c 2014 EuroMISE s.r.o.

and to standard or published values for larger units within
a sufficiently long period of time (i.e. decades).
There is no single comprehensive indicator which
would capture all or majority of aspects of population
health status. Therefore, a relatively large set of multiple
indicators was used in the study.
With regard to sensitivity and, especially diversity of
the data there is the need for a longer period of time in
which health indicators are carefully monitored and evaluated. In our study we used a ten-year period (1994 2003) which still seems to be minimally sufficient particularly concerning small-sized or problematic municipalities
(military districts). The data of health indicators were
obtained from the database of the Statistical Office of the
Slovak Republic [15]. We only used the data describing
demography and mortality. The data evaluating the incidence of specific diseases are not available.
In order to assess the health status of population in
contaminated or non-contaminated areas 43 health indicators were selected. It is expected that these indicators
can be affected by the geological environment. The list of
assessed health indicators with nationwide mean values is
given in Table 5.
The selected health indicators describe relevant information on age, and particularly analyse mortality in many
different ways. We have deliberately chosen only robust
indicators that are stable, not rare, and do not alter suddenly. Out of the 43 health indicators subject to assessment four (1 to 4 in Table 5) are considered as positive, i.e.
the most favourable values are the highest values. The remaining 39 health indicators are negative, i.e. their most
favourable values should be as low as possible reaching
even zero values.

3
3.1

Methods
Elaboration of Environmental
Indicators

When elaborating and calculating the environmental
indicators we adopted the method of geochemical data
processing and such representation of environmental indicators so that they can be united with health indicators.
Therefore, we had to transform environmental indicators
into a form of health indicators, which represent one number for the assessed administrative unit of the Slovak Republic – a municipality or a district. Transformation of
the geochemical data on chemical composition of soils and
groundwater in the Slovak Republic was conducted in the
same way. Thus, the environmental indicators were calculated for the basic territorial units of the Slovak Republic
– municipalities (2,883 municipalities). Calculations of
environmental indicators represented a determination of
the mean value of an element or component for the evaluated territorial administration units (Slovak municipalities) based on the contents of all soil and water samples
EJBI – Volume 10 (2014), Issue 1
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Table 1: Characteristics of environmental indicators for the Slovak Republic (mean values).

found in a related administration unit using the kriging 3.3 Determination of
method [7].
Contaminated/Non-contaminated
The data for municipalities located in the three areas
Areas
with historical mining activities were selected from the nationwide geochemical data of environmental indicators for
all municipalities in the Slovak Republic and then analIt is possible to determine the influence of PTEs from
ysed (293 municipalities in total).
abandoned mining sites on human health only in three
regions with historical mining activities, in the Slovak Republic – a relatively small country with the total land area
3.2 Elaboration of Health Indicators
of less than 50,000 km2 . The three selected regions are as
All health indicators were calculated as a cumulative follows – the Middle Slovak Neovolcanics, the Slovak Ore
function for a period of years from 1994 to 2003, i.e. for Mts. and the Upper Nitra region (Fig. 1). The first two
a ten-year period, when all cases were summed and the regions represent the historical mining areas with ore exnumbers of inhabitants were taken as persons-per-years traction from the Middle Ages. Mining activities in these
(number of inhabitants as of December 31 in a pertinent areas were completed at the end of the twentieth century.
The third area is a territory characterized by exploitation
year) for each territorial unit (municipality) assessed.
of brown coal, which has been mined since 1909. CurCalculation methodology and standardization of
rently, brown coal extraction yields reach about 2 million
health indicators was carried out according to recommentonnes per year. This coal is primarily used for domestic
dations of WHO [16, 17, 18, 19].
heating in the region and as a source of fuel in a local
Selection of health indicators was based on the Inter- power plant. The coal is characterized an extremely high
national Classification of Diseases by the WHO 10th re- content of arsenic (about 800 ppm by weight) and sulphur
vision [20]. Demographic indicators describing the age (about 2% by weight).
composition of municipalities express the average age of
the population of the observed municipalities or areas. A
Determination of contaminated and adjacent nonpercentage of elderly people over 60 years was calculated contaminated areas in individual regions mentioned above
as 100 times the number of inhabitants aged 60 years and resulted from a basic criteria of a minimum number of 15
over per number of inhabitants. Indirect age-standardized municipalities in each of them.
mortality indicators were standardized to a Slovak standard (19 age groups). Relative mortality indicators are
The definition of contaminated and non-contaminated
calculated as the number of deaths per 100,000 inhabi- areas was based on the limit values for the assessment
tants (not involving the impact of the age of the inhabi- of soil pollution and drinking water quality valid in
tants). Potential years of life lost are calculated as 100,000 the Slovak Republic (Table 2). Contaminated or nontimes the sum of the years of people up to the age of nearly contaminated municipalities were selected based on the
65 years (deaths at age 1 to 64 years per number of inhab- PTE contents in soils, since the contents of health risk
itants. Calculation methods of various health indicators elements in soils are of higher variability than in groundor formulas used to calculate specific health indicators are water. Due to relatively high pH of water reaching almost
given in Table 5. Subsequently, from the nationwide data neutral pH values of (as a result of abundant presence of
of health indicators the data for municipalities located in carbonates in the ore veins) PTE mobility is seen as relathe three selected areas with historical mining acitivities tively very low. Under these conditions PTEs are removed
were selected and analysed.
from the groundwater and bound in soils and sediments.
EJBI – Volume 10 (2014), Issue 1
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Table 2: Assessed elements and their limit values.

Non-contaminated municipalities include those with
PTE contents in soils not exceeding reference values for
any of the assessed elements.
The determination of contaminated and noncontaminated areas in the three regions with historical
mining activities on the basis of the above criteria is
shown in Fig. 1. A total of 138 contaminated and
155 non-contaminated municipalities were selected and
then compared within individual assessed regions by the
concentration level of chemical elements/ compounds in
groundwater and soils (environmental indicators) and
health status of the population (health indicators).

4
4.1

Area Description
Geological Setting

The geologic structure of the evaluated areas is composed of various geological-tectonic units and thus is represented by rocks of varied petrographic and geochemical character [21]. While the geological environment of
the Middle Slovak Neovolcanics consists predominantly of
Neogene volcanics, geological structure in the other two

areas the geology is more complicated and contains rocks
of diverse geological character.
The eastern part of the Slovak Ore Mts. area consists
mainly of Lower-Paleozoic (Cambrian to Carboniferous)
weakly metamorphosed flysch metasediments (metasandstones, metagreywackes, phyllites) and metavolcanics
– basaltoid, keratophyre and rhyolite character. The
western part consists dominantly of Lower to Upper
Paleozoic metamorphic rocks of crystalline basement
with signs of migmatization, granitization, especially orthogneisses, paragneisses, migmatites, amphibolites, diorites and metacarbonates. Approximately 5 % of the
area is represented by the Mesozoic (carbonatic) sedimentary cover, which consists of the Lower-Triassic quartzite,
dolomite and limestone. Mainly metasomatic and ore
mineralizations of Fe, Cu, Pb, Zn, Sb, Ag, Au and Hg
have been mined in the Slovak Ore Mts. since the Middle
Ages.
The Middle Slovak Neovolcanics are predominantly
(over 95 %) consists of Neogene volcanics, particularly andesites, basalts (less by rhyolites and dacites), and their
pyroclastics. Crystalline rocks (orthogneisses, gneisses,
granites) together with the Mesozoic carbonatic rocks having manifestations of scarnization are locally found in the

Figure 1: Contaminated and non-contaminated areas of the Slovak Republic.
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Table 3: Unemployment rates in assessed areas in 2001 and 2011.

form of xenolithes. In the past the area of the Middle Slovak Neovolcanics was well-known as an important metallogenetic region with exploitation of Au, Ag, Pb, Zn, Cu
and Hg ores. Nowadays there is only a limited Au ore
mining in the area.
The centre of the Upper Nitra region is represented by
the Upper Nitra basin-shaped valley, typical intramontane the Tertiary depression of the Western Carpathians,
which is surrounded by core and volcanic mountains. The
basin area consists mainly of Paleogene nummulite sandy
limestones and polymict and dolomitic breccias and conglomerates gradually passing into sandstones, siltstones
and claystones. It is overlain by flysch sedimentation
where mainly sandstones alternate with claystones and
siltstones. The Neogene rocks are represented especially
by the Eggenburgian sandstones and conglomerates, clays
and Badenian volcaniclastics with coal seams being overlaying by basaltic andesites. These predominantly Tertiary sedimentary units constitute between 40 to 45 % of
the studied area. The Mesozoic (mostly carbonates) complexes in surrounding core areas consist mainly of a number of limestones and dolomites with andstones, shales
and quartzites covering about 20 % of the investigated
area. The crystalline marginal core areas are primarily
composed of acidic granitoid rocks with about 20% of the
area covered by migmatites and gneisses. About 20% of
the studied area, particularly in the Eastern border, consists of neovolcanic rocks – andesites, basalts and pyroclastics.
In the Upper Nitra region (Prievidza, Handlová,
Nováky) brown coal and lignite exploitation has been carried out for more than 100 years.

4.2

Socioeconomic Characteristic

A number of studies analyzing the prevalence of health
determinants (especially lifestyle risk factors, as well as
poverty, education, employment, ethnicity and housing)
in the selected districts has been carried out in the Slovak
Republic in recent years [22, 23]. However, there are no
consistent data evaluating health risk factors conditioned
by non-optimal lifestyle of the local residents in the studied regions. The epidemiological studies indicate some
differences in lifestyle within the districts of the Slovak
Republic. Nevertheless, it is difficult to predict these difEJBI – Volume 10 (2014), Issue 1

ferences when considering adjacent municipalities or those
of a similar character in individual areas subject to assessment (rural population, mostly mountainous regions,
about the same socio-economic level of the population, a
similar lifestyle).
Thus, the lifestyle of people living in contaminated and
non-contaminated areas is similar. It seems that comparison of unemployment rates may be the most accurate
method of assessing the economic situation of people living in contaminated and non-contaminated areas (Table
3). According to Table 3, displaying unemployment rate
figures in contaminated and non-contaminated areas for
the three regions, it is evident that the unemployment
rate is about the same comparing data for 2001 and 2011.
Moreover, the unemployment rate in the Upper Nitra and
the Slovak Ore Mts. regions is slightly higher in the noncontaminated municipalities. Based on this, it is clear
that economic level in the assessed areas is practically the
same, and apparently accounts for no significant impact
on the health of the population in the studied areas.

5

Results and Discussion

Basic characteristic of the selected chemical elements
in groundwater and soils (environmental indicators) of the
studied areas is given in Table 4. The characteristics of
population health status in the evaluated contaminated
and non-contaminated areas are presented in Table 6.
Health status of the population, according to the
WHO general declaration, is caused mainly by the four
factors as follows: lifestyle (way of life and work) accounts for about 50 % of all factors; genetic factors and
the level of health care is attributed to a 10-20 % share;
and environment (particularly its geological component)
represents about a 20 % share. If we assume that the
impact of the first three factors in contaminated and noncontaminated areas of the Slovak Republic are about the
same, the decisive influence should be put down to geological factors and different contamination levels of geological
environment by PTE.
In all three regions PTE levels in soils are usually
significantly higher in contaminated areas than in noncontaminated areas. The only exception is Cd content
in the Upper Nitra region, which is slightly higher in the
unpolluted area. This region, however, is especially conc 2014 EuroMISE s.r.o.
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taminated by As as a result of brown coal combustion (by
atmospheric deposition).With regard to the predominant
character of polymetallic mineralization in the Middle Slovak Neovolcanics the most sizeable differences in Cd, Pb,
Zn and Cu contents are evident in soils. In the Slovak
Ore Mts. (with predominant polymetallic ores and Au-Sb
ores) the most significant differences are shown in contents
of Sb, Hg, Cu, Pb and As in soils.
In case of groundwater we have observed a considerable
difference between contaminated and non-contaminated
areas only in case of As in the Upper Nitra region. The
contents of other PTE in groundwater in contaminated
and non-contaminated areas of the assessed regions are,
in general, very similar. There is a clear relation to low
PTE mobility in groundwater in the given hypergenic conditions mentioned above. In addition, the fact that in geochemical mapping and water sampling we tried to avoid
water sources such as discharge from the drainage tunnels, tailings ponds, etc., can also play an important role.
We haven´t collected soil samples from waste tips, tailings ponds, remnants of ore treatment plants and other
extremely contaminated soil sources, too.
Based on the results of health indicators (Table 6) it
is evident that no significant differences between health
indicators in contaminated and non-contaminated areas
were observed in any of the three regions. According to
the summary health indicator (sum_neg), the population
health status in the Middle Slovak Neovolcanics and Upper Nitra regions are almost exactly the same (between
13,670 and 13,137; between 9,431 and 9,461). Moreover,
in the Slovak Ore Mts. the health of the population in
a contaminated area (11,679) shows even more favourable
figures than in the non-contaminated one (13,012). A very
similar situation is described by individual health indicators as well. With regard to the objective of our study,
the age indicators (the first four indicators) seem to be
of minor importance. They tend to be distorted by population migration, especially moving of young people to
big cities because of better job opportunities. They are
alike in all three regions for contaminated as well as noncontaminated areas.
The only noticeable difference in these demographic
indicators is that the life expectancy in the Upper Nitra
region is about 2-3 years longer than in the other two
regions. However, it results from the fact that the geological environment of carboniferous strata prevails in
this region and is more favourable to population health
than the silicate rock environment (volcanic rocks, granites, metamorphic rocks). In terms of the influence of
the geochemical background of the rock environment on
the health of the Slovak population it has been proven
that rock units of volcanics, granites and metamorphic
rocks are much less favourable to human health than carboniferous rocks (limestones, dolomites, flysch sediments)
Rapant et al. [7].
This stems particularly from the deficient content of
Ca and Mg in groundwater/ drinking water in silicate geological units [7]. The average contents of Ca, Mg, water
c 2014 EuroMISE s.r.o.

en29

hardness and carboniferous composition of soils are significantly higher in the geological environment of the Upper
Nitra region than in the other two regions. Moreover, a
similar trend – less favourable values of health indicators
in the areas of the Slovak Ore Mts. and Middle Slovak
Neovolcanics compared to those in the Upper Nitra region
– has also been reported in the rest of health indicators. It
is reflected in a sizeable difference in the sum of negative
health indicators (sum_neg), which is by about 2,000 to
3,000 more favourable in the Upper Nitra region than in
the other two regions subject to our assessment.
Increased PTE contents are in the world literature associated mainly with cancer [24, 25, 26]. Neither basic
indicators of oncological diseases (ReC, SMRC, PYLLC)
nor any other specific cancer mortalities according to individual diagnoses (Table 6) show less favourable figures in
the areas contaminated with PTE. Mortality due to cardiovascular disease has a similar trend. We have observed
increased mortality in PTE contaminated areas only in the
case of endocrine system diseases (ReE). Moreover, differences in the mortality become even more evident when
taking into account the age of population (SMRE) reaching about 20 % figures in the silicate regions (the Slovak
Ore Mts. and Middle Slovak Neovolcanics ) but over 30
% in the Upper Nitra region. Adverse effects of PTE on
mortality due to diseases of endocrine glands (especially
diabetes, thyroid, diseases caused by malnutrition or excessive diet) have been described several times in the world
literature [27, 28]. This issue will be addressed in the
next stages of our research using higher statistics, especially neuron networks. The other group indicators (ReK
- digestive system, ReJ – respiratory system, ReN - genitourinary system) show no noticeable differences between
contaminated and non-contaminated areas.
The contents of macroelements demonstrate more significant influence on the health status of the Slovak population than those of PTE. It is evident that especially
deficiency of Ca and Mg in silicate rock environment in
groundwater/drinking water accounts for increased incidence of cardiovascular and cancer diseases [7]. In addition, the detrimental impact of Ca and Mg deficiency
in groundwater/drinking water on cardiovascular diseases
has been described many times so far [29, 30, 31]. In
the world literature deficient contents of Ca and Mg in
groundwater/drinking water have also been associated
with an increased occurrence of cancer [32, 33, 34]. Since
both diseases are the ultimate cause of deaths in Slovakia,
they are most markedly manifested in all the health indicators as well. Therefore, the observed differences in
the health status of population in contaminated and noncontaminated areas are mainly linked with different contents of Ca and Mg. For instance, Ca and Mg contents in
the Slovak Ore Mts. are significantly higher in contaminated than non-contaminated area, and this is probably
the reason for better health of the population living in
PTE contaminated area.
Chemical elements in groundwater/drinking water occur mainly in dissolved form, which is the most availEJBI – Volume 10 (2014), Issue 1
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able form to human beings. Therefore, it is the reason
why groundwater/drinking water has probably the major
influence on population health, considerably much more
than the soils. Regarding the PTE contents in groundwater/drinking water in the evaluated areas, they are predominantly low and about the same even in contaminated
and non-contaminated areas reaching levels below the limits of drinking water standards.
The results obtained from the comparison of health
indicators between contaminated and non-contaminated
areas are surprising and contrary to the current assumptions. In general, poorer health status is predicted in areas
contaminated with PTE. Nevertheless, our results suggest
that the health status of populations in both, contaminated and non-contaminated areas is at the same level
or slightly better in contaminated areas. We explain this
phenomenon as follows: the bio-available proportions of
PTE in soils in these areas are very low, often well below
5 % [6, 35, 36]. Thus, only a small portion of the PTE
enters the food chain. The PTE contents in groundwater/drinking water are relatively low as well due to neutral to alkaline environment in the area. Even if the local
inhabitants use the local groundwater for drinking purposes, there is no increased intake of PTE doses, which
would affect their health status.
The increased PTE levels in vegetables grown locally
(carrots, potatoes, parsley) were documented in contaminated areas in all evaluated regions showing almost twice
as high values as in non-contaminated areas. However,
in terms of overall PTE ingestion from food, this proportion of contaminated vegetables is practically very small
and almost insignificant [6, 35, 37, 38]. Moreover, biomonitoring results (including hair, nails, blood and urine)
in the areas subject to our research also manifest slightly
increased PTE levels in human materials in contaminated areas when compared to non-contaminated areas
[35, 37, 38]. These levels, however, are in the vast majority under the set limit values for unpolluted environment
and are rarely exceeded only in some municipalities [39].
Thus, it is evident that PTE enter the local food chain
and their contents show increased values also in human biological materials. Nevertheless, these contents are probably not high enough to be reflected in the health status
of the population. It seems that various adaptive mechanisms can apply in the population living in the contaminated areas. Even in these contaminated areas it is the
overall geochemical background, mainly the contents of
macroelements, which might crucially affect the health
status of the population (probably much more than the
PTE contents).
In terms of PTE contents and their impact on the
population health status we consider low PTE levels in
groundwater as the most relevant fact (Table 4). Groundwater, which is routinely used for drinking purposes in
the observed areas, has relatively low PTE levels and is
mostly below the drinking water limits.
Thus, we can conclude that the historical areas with
recorded PTE contamination in soils or sediments, but
EJBI – Volume 10 (2014), Issue 1

not in groundwater or surface waters used for drinking
purposes, represent much lower risk to the health of local
people than has been thought about recently.

6

Conclusion

The main aim of this study was to objectively assess
the potential impact of PTE on human health in historical mining areas. The health status of population
in municipalities situated in contaminated and adjacent
non-contaminated areas was compared across three studied regions of the Slovak Republic. Contamination of the
studied areas has been documented mainly in soils, while
the contents of PTE in groundwater/drinking water were
approximately the same and below the limits of drinking
water standards.
We found no significant impairment in the health of
the population living in the areas with higher PTE contamination compared to non-contaminated areas. Surprisingly, no significant differences between the health status of population living in contaminated areas and that
living in non-contaminated areas were observed. Finally,
we can conclude that if groundwater/drinking waters used
for drinking purposes show no PTE contamination, the
local population inhabiting these historical mining areas
might be at much lower risk than has been, in general,
reported so far.

Acknowledgements
This research has been performed within the project
LIFE10 ENV/SK/000086” The impact of geological environment on health status of residents of the Slovak Republic“, which is financially supported by the EU’s funding
instrument for the environment: Life+ programme.

References
[1] Smedley PL, Kinniburgh, DG. A review of the source, behaviour and distribution of arsenic in natural waters. Applied
Geochemistry 2002; 17: 517–568.
[2] Duker AA, Carranza EJM, Hale M. Arsenic geochemistry and
health. Environment International 2005; 31: 631–641.
[3] Wcisło E, Ioven D, Kucharski R, Szdzuj J. Human health risk
assessment case study: an abandoned metal smelter site in
Poland. Chemosphere 2002; 47(5): 507–515.
[4] Peplow D, Edmonds, R. Health risks associated with contamination of groundwater by abandoned mines near Twisp
in Okanogan County, Washington, USA. Environmental Geochemistry and Health 2004; 26(1): 69–79.
[5] Lim HS, Lee JS, Chon HT, Sager M. Heavy metal contamination and health risk assessment in the vicinity of the abandoned
Songcheon Au–Ag mine in Korea. Journal of Geochemical Exploration 2008; 96(2-3): 223–230.
[6] Rapant S, Cvečková V, Dietzová Z, Letkovičová M, Khun M.
Medical geochemistry research in SGR Mts. In: Environmental
Geochemistry and Health 2009; 31(1): 11–25.

c 2014 EuroMISE s.r.o.

Rapant et al. – Historical Mining Areas and Their Influence on Human Health

[7] Rapant S, Cvečková V, Dietzová Z, Fajčíková K, Hiller E,
Finkelman RB, Škultétyová S. The impact of geological environment on health status of residents of the Slovak Republic.
Environmental Geochemisty and Health 2014; 36(3): 543–561.
[8] Rapant S, Letkovičová M, Cvečková V, Fajčíková K, Galbavý J, Letkovič M. Environmental and health indicators of
the Slovak Republic. Monograph, State Geological Institute of
Dionyz Stur, Bratislava; 2010; 279. (in Slovak). Available from
http://www.geology.sk/?pg=geois.ms_ezi_en

en31

[25] Fryzek JP, Mumma MT, McLaughlin JK et al. Cancer mortality in relation to environmental chromium exposure. J Occup
Environ Med 2001; 43(7): 635–640.
[26] Cabrera HN, Gómez ML. Skin cancer induced by arsenic in
the water. J. Cutan. Med. Surg. 2003: 106–111.
[27] Lai MS, Hsueh YM, Chen CJ, Shyu MP, Chen SY, Kuo, TL,
Wu MM, Tai TY. Ingested inorganic arsenic and prevalence of
diabetes mellitus. Am J Epidemiol 1994; 139: 484–492.

[9] Klinda J, Lieskovská Z. State of the Environment report of
the Slovak Republic. Bratislava, Ministry of Environment of
the Slovak Republic; 2010; 192.

[28] Gupta SK, Khan TI, Gupta RC. Compensatory hyperparathyroidism following high fluorine ingestions-a clinico-biochemical
correlation. Indian Pediatr 2001; 38: 139–146.

[10] Rapant S, Vrana K, Bodiš D. Geochemical Atlas of Slovakiapart I. Groundwater. Monography, Ministry of the Environment of the Slovak Republic, Geological Survey of Slovak Republic, Bratislava; 1996; 127.

[29] Shaper AG, Packham RF, Pocock SJ. The British regional
Heart Study: Cardiovascular Mortality and Water Quality. J.
Environ. Pathol. Toxicol. 1980; 3: 89–111.

[11] Vrana K, Rapant S, Bodiš D, Marsina K, Lexa J, Pramuka S,
Maňkovská B, Čurlík J, Šefčík P, Vojtaš J, Daniel J, Lučiviansky L. Geochemical Atlas of Slovak Republic at a scale 1 : 1
000 000. Jurnal of Geochem. Exploration 1997; 60: 7–37.
[12] Čurlík J, Šefčík P. Geochemical Atlas of Slovakia-part V. Soils.
Monography, Ministry of the Environment of the Slovak Republic, Geological Survey of Slovak Republic, Bratislava; 1999;
98.
[13] Darnley AG, Bjorklund A. et al. A Global Geochemical
Database for Environmental and Resource Management. Earth
Sciences. 19, UNESCO, Paris; 1995.
[14] Last JM. A Dictionary of epidemiology, Oxford University
Press; 2001; 218.
[15] www.statistics.sk
[16] Beaglehole R, Bonita R, Kjellstrom T. Basic Epidemiology.
Geneva: WHO; 1993; 682.
[17] Jeníček M. Epidemiology, The Logic of Modern Medicine.
Epimed Montreal; 1995; 624.
[18] Bencko V, Hrach K, Malý M, Pikhart H, Reissigová J,
Svačina Š, Tomečková M, Zvárová J. Biomedicínska statistika
III., Statistické metody v epidemiologii. (1), Nakladatelství
Karolinum, Praha; 2003; 236.
[19] Bencko V, Hrach K, Malý M, Pikhart H, Reissigová J,
Svačina Š, Tomečková M, Zvárová J. Biomedicínska statistika
III., Statistické metody v epidemiologii, (2), Nakladatelství
Karolinum, Praha; 2003; 269.
[20] www.who.int/classifications/icd/en/
[21] Marsina K (ed.), Bodiš D, Havrila M, Janák M, Káčer
Š, Kohút M, Lexa J, Rapant S, Vozárová A. Geochemický
atlas Slovenskej republiky – Horniny. Monography, GSSR
Bratislava; 1999; 134.
[22] Vilinová K. Zdravotný stav obyvateľstva Slovenska. UKF v
Nitre, Edícia prírodovedec 2012; (495): 125.
[23] Michálek A, Podolák P. Selected deteminants of regional
diferentation of life expectancy at birth in Slovakia. Geografický časopis 2007; 59(4): 305–322.
[24] Bako G, Smith ES, Hanson J. et al. The geographical distribution of high cadmium concentrations in the environment
and prostate cancer in Alberta. Can J Public Health 1982; 73:
92–94.

c 2014 EuroMISE s.r.o.

[30] Rylander R, Bonevik H, Rubenowitz E. Magnesium and Calcium in Drinking Water and Cardiovacular Mortality. Scand.
J. Work Environ. Health 1991; 17: 91–94.
[31] Selinus O, Alloway BJ, Centeno JA, Finkelman RB, Fuge R,
Lindh U, Smedley P. Essentials of Medical geology, Impacts of
the natural environment on public health. Elsevier Academic;
2005; 793.
[32] Yang ChY. Pancreatic Cancer Mortality and Total Hardness
Levels in Taiwan’s Drinking Water. Journal of Toxicology and
Environmental Health, Part A: Current Issues; 1999; 56(5):
361–369.
[33] Yang ChY, Chiu HF, Cheng BH, Hsu TY, Cheng MF, Wu TN.
Calcium and Magnesium inDrinking Water and Risk of Death
from Breast Cancer. Journal of Toxicology and Environmental
Health, Part A: Current Issues; 2000; 60(4): 231–241.
[34] Chiu HF, Chang ChCh, Yang ChY. Magnesium and calcium
in drinking water and risk of death from ovarian cancer. Magnesium Research 2004; 17(1): 28–34.
[35] Krčmová K, Rapant S. Environmental exposure to arsenic and
associated health risk for residents in Horná Nitra region: A
geochemical and medical research. Mineralia Slovaca 2007; 39:
75–80.
[36] Vaculík M, Jurkovič Ľ, Matejkovič P, Molnárová M, Lux A. Potential Risk of Arsenic and Antimony Accumulation by Medicinal Plants Naturally Growing on Old Mining Sites. Water, Air
and Soil Pollution 2013; 224(5): 1546, DOI 10.10007/s11270013-1546-9.
[37] Krčmová K, Rapant S. Trace elements in local food chain of
residents in selected regions of Slovakia: Soil contamination
and health implications. In: Mihály Szilágy, Klára Szentmihály (Eds.), 2009: Trace elements in the Food chain. Vol. 3
Deficiency of Excess of Trace Elements in the Environment
as a Risk of Health. Working Committee on Trace Elements
of the Complex Committee Hungarian Academy of Sciences
(HAS), Institute of Materials and Environmental Chemistry
of the HAS, Budapest, Hungary. 83–87.
[38] Rapant S, Letkovičová M, Cvečková V, Fajčíková K, Nikodémová D. Zhodnotenie potenciálneho vplyvu geochemického
prostredia na zdravotný stav obyvateľstva banskoštiavnickej
oblasti, regionálny geologický výskum. Záverečná správa, Geofond, Bratislava, Manuskript; 2010; 193. (in Slovak)
[39] Rapant S, Dietzová Z, Cicmanová S. Environmental and health
risk assessment in abandoned mining area, Zlatá Idka, Slovakia. Environmental Geology 2006; 51: 387–397.

EJBI – Volume 10 (2014), Issue 1

en32

Rapant et al. – Historical Mining Areas and Their Influence on Human Health

Table 4: Selected values of environmental indicators in contaminated and non-contaminated areas of the Slovak Republic (mean
values for all municipalities).
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Table 5: Evaluated health indicators of the Slovak Republic.
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Table 6: Characteristics of population health status in contaminated and non-contaminated areas (data recalculated according
to number of inhabitants in respective municipalities).
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