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(ground- and surface) water from a selected pilot
region (map sheet 1 : 200 000 Banska Bystrica),
representing approximately 20% of the Slovak terri-
tory.
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Grid size for the construction of critical loads
map of Slovakia corresponds to the EMEP grid. The
EMEP grid cell of 50x50 was subdivided into 25
cells. This means that the grid distance was ap-
proximately 10 km.

Critical acidity loads were calculated on the ba-
sis of present chemical composition of ground- and
surface water. In the contribution there is presented
the method used for the evaluation of critical loads
for natural water, while we assumed sulphur was
the only acidifying component. We are considering
to include in future into the calculations also another
important acidifying component - nitrogen.

2. Natural conditions of the pilot territory

The pilot area represents about 20% of the total
Slovak territory. It includes the following geographic
units: In the northern part, from west to east: Mala
Fatra Mts. (highest peak 1574 m a.s.l.) and the
Nizke Tatry (Low Tatras) Mts. (highest peak Dum-
bier 2043 m a.s.l. - the highest point of the area). In
the southern part, from west to east - Stiavnicke
vrchy Hills (highest peak 1009 m a.s.l.), Kremnicke
vrchy Mts. (highest peak 1265 m a.s.l.), Javorie
(highest peak 1044 m a.s.l.), Porana (highest peak
1458 m a.s.l.), Veporske vrchy Hills (highest peak
1439 m a.s.l.) and in the south-eastern part the
Reviicka pahorkatina Hills (highest peak 602 m
a.s.l.). The lowermost location in the south-eastern
part of the pilot area is only 200 m high above sea
level.

The largest part of this territory belongs to the
drainage area of the river Hron. Northern slopes of
the Nizke Tatry Mts. are drained by the river Vah
and the south-eastern part of the area belongs to
the drainage area of the river Ipef.

The geological structure of the area under study
is composed of practically all most important geo-
logical units forming the Western Carpathians.
From geological point of view, mountainous areas
of this region may be divided as follows:

I. region of core mountain ranges

II. region of Central Slovak Neovolcanics

The lowlands may divided into:
III. intramontane depressions

IV. alluvial deposits or large rivers
I. Core mountain region - the Nizke Tatry Mts.,
Mala Fatra Mts., Verka Fatra, Slovenske Rudohorie
- are in their central part underlain by various
granites, granodiorites and gneisses and, to a
lesser extent, by amphibolites. Marginal parts of the
above mountain ranges have as their basement
Mesozoic, mainly carbonate rocks, lying in cover or
nappe position:
- limestones

- dolomites
- maris and marly limestones

II. Central Slovak Neovolcanic region -
Stiavnicke vrchy and Kremnicke vrchy Hills are
composed of differed varieties of neovolcanic rocks,
mainly andesites, rhyolites and their tuffs.

III. Intramontane depressions - underlain mostly
by Tertiary sediments - gravels, sands, clays, sand-
stones and claystones.

IV. Alluvial deposits of large rivers - the rivers
Vah and Hron and their tributaries are underlain
predominantly by gravels and sands.

All grids are fully or partially covered with forests.
There are three main forest areas (spruce, beech
and oak) on the pilot territory.

3. Data used for map construction

An important part of the project was the selec-
tion of data, constituting the input into the calcula-
tion scheme, as well as their adjustment. The rep-
resenting and information capacity of thus obtained
values is at the same time indicative of the quality of
existing databases at SHMU and GUDS.

3.1 Atmospheric precipitation, deposition and
hydrogeologic conditions

The distribution of atmospheric precipitation and
hydrologic characteristics on the pilot area is con-
siderably affected by its extraordinary variability.
Average altitudes a.s.l. of the gird cells occur in the
range of 250 m in the south-eastern part of the pilot
area up to 2043 m in the cell crossed by the crest of
Nizke Tatry Mts. Altitude differences in the grid cells
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selected equivalence. For surface water, ANC has
been selected as the critical chemical value and it
has been set relative to fish as the biological indica-
tor. ANC is thus the critical concentration for fish.
The use of ANC is a simplified approach, in which
numerous interacting factors affecting the toxicity to
fish, including pH, aluminium and TOC, are grouped
into a single variable. Data on water chemistry and
general change of fish status have been used in
Norway for assessing the ANC for fish. Few fish
populations are damaged at ANC concentrations
above 20 meq/l. Of the fish species studied,
salmon, brown trout and roach were the most sen-
sitive and perch the least sensitive. Although ANC
will depend on fish species considered, a value of
20 meq/l seems to be appropriate for the evaluation
of critical loads and critical load exceedance for
freshwater fish, at least in Norway. Canada has set
pH 6.0 (corresponding to an ANC range of 20-40
meq/l for freshwater lakes) as an appropriate
chemical threshold used for defining critical loads,
disregarding areas with historical pH values below
6.0. This level has been set to protect all aquatic
biota. Sweden is using pH > 6.0 and ANC = 50
meq/l as the national threshold value.

The basic steady state surface water chemistry
method (SSWC) is based on the fact that sulphates
found in surface water originate largely from sea
salt spray and polluted deposition and in the method
there are ways of correction for sea salt and minor
contribution from geological sources, allowing to
obtain atmospheric contribution of sulphate in the
water (Henriksen et al., 1988, 1990). This sulphate
concentration is then used to obtain the weathering
rate of the catchment. The chemical data from the
pilot area indicate that the geology supplies a sig-
nificant amount of sulphate to the water. This sul-
phate is assumed to be balanced largely by base
cations BC (Ca+Mg) . Thus, to calculate the critical
load, the method must be modified. The atmos-
pheric sulphate contributed to surface and ground-
water is estimated by multiplying the sulphur depo-
sition by the ratio of precipitation to run-off. The dif-
ference between this value and the sulphate con-
centration is then geologically supplied sulphate.
Since this component is balanced by Ca+Mg, this
amount must be deduced from the concentration of
base cations to obtain those resulting from weather-
ing and ion-exchange processes. To estimate the
ion exchange base cations, a modified F-factor has

been used because of the very high weathering rate
in the surface and ground water. Ignoring nitrate
concentration, the following calculation method re-
sults:

SO4 dep = Sdep X P/Q
where
Sdep = present sulphur deposition in keq/km2/year
P = annual precipitation in mm
Q = annual run-off in m3

BCgeoi = S04r - S04cjep

where
BCgeoi = base cations of geological origin
S04r = sulphate concentration in run-off water

BCwt = BCt - BCged
where
BCwt = present weathering rate
BCt = present Ca+Mg concentration in run-off water

The F-factor is defined as the change in base cation
concentration due to a change in the concentration
of sulphate

F = BCwt/S

where
S = base cation concentration at which F=1. The

value of 4 meq/l for S has been used in this
report

Then: BCW - BC^ - FxS04dep

The critical loads of acidity (CL) and critical load
exceedance (CL-Ex) are then given:

CL = BCwxQx10 (keq/ha/year)

CL-Ex = Sdep - CL (keq/ha/year)

5. Discussion and conclusions

Results of the calculation of critical loads and
exceedances for the acidity of ground- and surface
waters for the pilot area of Slovakia is represented
on Figs. 1, 2, 3, 4. The colour and value ranges are
adjusted to be consistent with international presen-
tations of critical loads.

From the viewpoint of critical loads of acidity the
values of surface waters were systematically higher
than those for groundwater at correlation of 0.69
(Fig5).
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CL - ground water (keq.ha'1.yr'<)

Fig. 5 Relationship between critical loads of ground
waters and surface waters

The calculated exceedance values at both re-
ceptors display high negative values in the greatest
part of the pilot area, i.e. they indicate that there are
reserves for further contributions of acid deposition.
This situation is related to the time of water sam-
pling in the studied territory, i.e. it does not record
changes in the chemical composition in time and
thus it does not allow to make a prognose. The cal-
culated critical ioads reflect in practice the condi-
tions in which chemicai composition of water
formed, especially geological setting of the territory
and hydrodynamic conditions of circulation. The
locally higher sensitivity has been caused by outflow
from mine works and dispersion of groundwater
from the underlier into surface streams. The gen-
erally higher sensitivity of the southern part of the

pilot area is probably caused by lower velocity of
groundwater flow and an important factor is also
anthropogenic contamination.

The critical loads and exceedance calculation for
natural water presented in the contribution are the
first application of this environmental technique in
Slovakia. A simple steady-state model (SSWC) has
been used, including only sulphur. In the next stage,
critical loads of natural water will be calculated in a
10x10 km grid for all Slovakia.
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