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INTRODUCTION

The various kinds of groundwater are natural
resources of outstanding importance in Hun-
gary. More than 97 per cent of drinking water
is supplied from groundwater. Springs and
wells are filling up the swimming pools in the
numerous thermal and medicinal baths.
Groundwaters are utilized in the industry and
for irrigation as well however to a smaller
extent and no extension is justified. Neverthe-
less the significance of groundwater is high in
terms of natural vegetation and agriculture as
well: for the optimal water supply of vegeta-
tion an appropriate depth of groundwater table
is essential. There are several nature conserva-
tion areas of special importance in our country
where the wetness migrating upwards from
the deeper horizons is providing the sine qua
non for special ecosystems. Captured or non-
captured natural springs may represent special
natural values as well. Their water or the
groundwater infiltrating into riverbeds ensure
that several small watercourses do not dry up
in seasons without precipitation.

Climate changes, human interventions, over-
use of the resources and the various pollution
sources are causing several problems in
groundwater management and protection. In
Hungary groundwater is owned by the state;
at the same time municipalities responsible
for water supply, water users, those who per-
form activities generating pressure on or pol-
luting the environment and after all individual
citizens all have their tasks in the preservation
of the good quantitative and qualitative status
of groundwater.

Groundwater should be protected not only in
itself but also as a part of the system of envi-
ronmental elements. From this point of view
the protection of the geological medium,
especially that of soil is of outstanding impor-
tance. The Hungarian legislation takes this

into account as one of the firsts in interna-
tional aspect as well.

The manifold utilization of freshwater
resources and among them that of groundwa-
ter without deteriorating their good status is
one of the worldwide accepted objectives of
sustainable development and is recommend-
ed by international organizations. The Water
Framework Directive of the European Union
confirms this approach as well. The Hungari-
an water and environmental legislation regu-
lates the utilization and protection of ground-
water in the same spirit.

The appropriate orientation is essential for the
national environmental, water, geological,
public health and educational organizations
responsible for groundwater, as well as for
local governments, researchers, consultants,
operators, and all citizens in their own
domains to share a uniform approach in the
utilization and protection of groundwater
resources in conformity with the environmen-
tal objectives and public welfare. The objec-
tive of the present publication is to present a
general picture on the several types of
groundwater in Hungary, on the possibilities
of their utilization and protection, on the rel-
evant legislation, on the organizations dealing
with groundwater, on the information avail-
able and their accessibility.

The present publication is the amplified and
modified edition of the guide published by
the VITUKI Ltd. commissioned by the Min-
istry of Environment in 2002. Re-edition was
made essential by new information relating to
groundwater originating from the work car-
ried out in the last 3 years, — mainly in com-
pliance with the EU Water Framework Direc-
tive — as well as by the significant changes in
the relevant organizations and legislation.



GROUNDWATER IN HUNGARY

Groundwater types

— A considerable part of Hungary, located in
the centre of the Carpathian Basin, is of flat
and hilly character. In this basin-type area
marine and fluvial deposit, sometimes sev-
eral kilometres thick, covers the older
rocks. The marine deposits situated at larg-
er depth are mainly clays and clayey marls
with a very low potential yield for water
extraction. As the Pannonian Sea turned
into an inland lake inflowing rivers
deposited coarser sediments of a thickness
sometimes up to 1 to 2 km: in the geologi-
cal profile of that time there are already
several sand and sandstone layers (Figure
1.). In the Quaternary exclusively the flu-
vial sedimentation was already character-
istic, with silty, sandy and gravel deposits.
The thickness of these complexes is also
near I km in the Kisalfold and in the south-
ern region of the Great Hungarian Plain.
At the border of the basin river fans contain
much gravel with a thickness of only some
ten meters, except for the Szigetkoz region
where gravel layers are as thick as several
hundred meters. Some parts of our rivers
are running in these formations and their
water is in direct contact with that of the
gravel layers.

The good aquifers are the coarser sandy and
gravel layers of the clastic basin-deposits.
At larger depth one can find sandstone
instead of the loose sandy layers. These
aquifers can be found in more than three
quarter of the country’s area assuring every-
where the chance for local drinking water
production and from greater depths (usually
more than 500 m) the abstraction of thermal
water. With wells bored into the shallow
gravel aquifers along the riverbanks the fil-
tered water of the river i.e. bank-filtered
water is produced (Figure 23.). The upper
layers down to the depth of 10 to 20 m are of
fine-grained formations enabling only small
discharges for local production. The majority
of dug wells in the villages and countryside
homesteads are producing water from such
formations. However at some sites these for-

mations may have better productivity. In this
publication water located in the deposits near
the surface is called (acc. to the specific Hun-
garian nomenclature) shallow groundwater
(in other languages this terms stands usually
for groundwater in general), water in deeper
clastic sediments is called deep groundwa-
ter, while the deep groundwater of a temper-
ature higher than 30 °C are thermal deep
groundwaters, being a type of thermal
waters.

The other main type of groundwater aquifers
is the group of karstic rocks that can be
found in almost the half of the hilly areas cov-
ering one fifth of Hungary’s territory. These
calciferous marine sediments of the Mesozoic
(limestones, dolomites) often have a high
conductivity along faults, fractures and holes
widened by water of high carbonic acid con-
tent during the process of karstification. Pre-
cipitation infiltrates mainly directly and
quickly into the outcropping karstic rocks
(“open karst”), therefore the recharge of
karstic waters is good. In several areas
karstic formations are covered by geological
formations of low conductivity also in the
hilly regions, while at the margins of such ter-
ritories the karstic reservoir is often covered
by clastic sediments of large (sometimes sev-
eral km) thickness, generally impermeable,
lying directly above the karstic formations
(covered karst). In the karstic formations at
the margins of mountains and in large depth
below the surface in the basin-regions ther-
mal waters can be found, part of which comes
to the surface in the form of the well known
thermalkarst springs (Héviz, Budapest,
Eger, etc.).

Beyond the main groundwater types set forth
above (bank-filtered, shallow-, deep ground-
waters and the karstic waters) water can be
exploited, although to a smaller extent, from
other geological formations as well. Parts of
the hilly regions are built up of non-karstic
rocks (crystalline, volcanic or sedimentary
formations of lower yield) from which small-
er springs, significant only for local extrac-
tion, arise.
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Exploration, abstraction of groundwaters
and their impacts

In historical times mankind knew ground-
water in the form of springs coming up to
the surface or as water appearing in the
shallow dug wells. Furthermore, water
entering the adits of mines brought some
problems about. Exploration of the water
in deeper horizons with bored wells started
in the 18th century and this technology has
already become the most widespread form
of water abstraction in Hungary. From the
riverside gravel layers water is abstracted
by so-called radial wells (consisting of a
large-diameter shaft and a few radial, per-
forated, horizontal drain pipes conducting
the water into the shaft), and with drains
driven below the riverbed.

At present about 2,7 million m3/d water is
produced from underground in Hungary. The
distribution of this volume among the various
types of groundwater is as it follows:

near half of it comes from deep groundwa-
ter,

about one third from bank-filtered water,
about one sixth from karstic water, and
about one twentieth of it comes from shal-
low groundwater (illegal withdrawals from
shallow groundwater are not considered).

About one third out of the ninety thousand
drilled wells of the country is in operation as
production well.

The production from underground in the 80s
was by 50 per cent higher than the present
rate (Figure 5.). The cause for the decrease
in abstraction was generally the increase of
the water price stimulating the users to save
water. The decrease of abstraction was the
largest in the case of karstic water: it has
decreased to one third of the volume
abstracted in the 80s because of the consider-
able decrease in the,once large scale, abstrac-
tions of the mining industry in the early 90s
and because of closing up the relevant mines.
The reduction of abstraction in the Trans-
danubian Range was necessary for reasons of
water resources management as well: the rate
of the abstracted karstic water was near twice

11

as high as the recharge in the 80s (Figure 6.)
and also the production from deep ground-
water nearly reached the rate of allowable
long-time production limits. The overuse
resulted in the drying out of springs and in
the large-scale fall in karstic water level in
the karstic areas, as well as in the decrease
of deep groundwater heads and shallow
groundwater levels in the basin-type
regions. The decrease in karstic and deep
groundwater levels alone is not harmful, as
for example in the case of karstic areas cov-
ered by soil only, karstic water under normal
conditions fluctuates deeply below the sur-
face and does not influence the water balance
of the fertile soil layer because the water
household of the latter does not depend on
the fact that the level of karstic water is e.g.
ten or twenty m below. Even though, the
decrease of karstic water level may — and
actually do — involve harmful and sometimes
very grave consequences, but these are (as in
case of other water types as well) reversible,

e.g:

— the largest decrease in karstic water levels
could be experienced in the main aquifer of
the Transdanubian Range (Figure 7-8.)
causing the drying out of several large
karstic springs. The decrease exceeded 30
meters as an average and even 100 meters
at some sites. The withdrawals however
have decreased considerably since the
beginning of the 90s mainly because of the
closing up of mines. Consequently, and
because of the higher precipitation the
regional rise of karstic water levels can be
observed (Figure 7-8.). Even more impor-
tant is the rise of water levels in the vicini-
ty of the strongly endangered valuable
thermal springs (Lake Héviz and the
Budapest thermalkarst system). The yield
of the Heviz Lake slowly increases (Figure
9.). From the 60s several springs yielding a
large volume of lukewarm and warm water
stopped in the Transdanubian Range; their
operation has started again at the late 90s
or may be expected in the near future (Fig-
ure 10.).

since the 70s a permanent fall of the heads
of deep groundwater could be observed as
a result of water abstraction. In the layers
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Calculated infiltration
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Figure 6.
Variations in the water-household of the main karstic aquifer of the Transdanubian
Range (DKH)
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Water levels detected in the observation wells in the 5-Bakony mountains
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Variations in karstic water levels in the Transdanubian Range
(series are discontinuous due to the lack of data)
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Water levels detectad in the observation wells in the N-Bakony mountains
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Variations in karstic water levels in the Transdanubian Range
(series are discontinuous due to the lack of data)

15



Yields of the Budapest thermalkarst system
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Figure 9.
Yield regime of Lake Héviz, of the Budapest thermalkarst-system and the observed
water levels in their environs 1951-1999
(series are discontinuous due to the lack of data)
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Chart of the detected yields of spring Tata Fényes
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Variations in the yields of karst springs in the Transdanubian Range
(series are discontinuous due to the lack of data)
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Annual amounts of precipitation, Soltvadkert
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Figure 12.
Comparison of the yearly total precipitation and the integrated values of their deviation
from the average to the level-changes of shallow groundwater
(series are discontinuous due to the lack of data)
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yielding water of drinking water quality a
decrease in the levels/heads of 5 to 10 m
was measured. In the vicinity of major
water supply works and in the deeper ther-
mal water reservoirs the decrease reached
several 10 metres (Figure 11.). The results
of the decrease of water abstraction in the
early 90s became visible in the level varia-
tions: the decrease has been moderated
and an increase was detectable at some
places.

the variations of shallow groundwater
level depend mainly on precipitation: loss
or surplus of infiltration accumulates for
years (Figure 12.). The change in flow
conditions caused by the abstraction of
deep groundwater already mentioned
above influenced shallow groundwater bal-
ance as well due to the (limited) hydraulic
connection between shallow and deep
groundwater. The downward movement of
water increased in the recharge areas while
in the discharge areas the upward flow was
decreased or stopped. The drop of ground-
water levels could be detected on a nation-
wide scale in the 80s, at some places it was
especially large. In some areas of the Duna
(Danube)-Tisza Plateau the drop of shal-
low groundwater-level exceeded the value
of 3 m (Figure 13.). The reason was mainly
the lack of precipitation in the two decades
before the last few years, however the
impact of the abstraction from deep
groundwater could be detected as well. The
rainy weather in the second half of the 90s
moderated the drop of groundwater levels
here; moreover at some places a rise of lev-
els can be detected. According to the fore-
casts significant rise of the groundwater
levels can be expected in the next decade if
the rainy weather continues for a long time.

In the Szigetk6z area no groundwater abstrac-
tion, but the diversion of the Danube was the
reason of changes in groundwater level: a 1 to
3 meters drop of shallow groundwater level
was detected in the 1 to 2 km wide zone along
the shoreline of the parent branch of the
Danube between Dunakiliti and Asvanyraré.
This, as well as the absence of an increase of
shallow groundwater levels concomitant with
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flood waves had harmful consequences on the
terrestrial ecosystem, especially in the flood
plains, where in addition to the non-occur-
rence of floods there has been a significant
decrease in the extent of humidification of the
some meters thick, fine grained covering
layer by shallow groundwater. Although the
reservoir at Dunacsuny and to a smaller
extent water supplementations in the flood
plains have increased the shallow groundwa-
ter levels the damage has still not been ceased
(Figure 14.).

Quantitative risks stated in the EU Water
Framework Directive were analysed by the
comparison of the monitoring and water
abstraction data with the available water
resources. Quantitative risk (i. e. the risk of
failing to meet good quantitative status by
2015 as stated in the Water Framework Direc-
tive) indicated by the trend of increasing
water levels and the changes in groundwater
flow is detectable in the Szigetk6z, the south-
ern part of Nyirség and the Hajdusag, as well
as in the marginal regions of the North-Hun-
garian Mountain Range. Further 18 water
bodies were classified as “possibly at risk”
making further investigations necessary: cold
basin-type water bodies in the Great Hungar-
ian Plain (GHP) (except for the N-NE part),
the thermal basin-type water body in the SW
part of GHP and some cold karstic water bod-
ies — the Balaton Highlands, watersheds of
the Tata and Fényes springs in the Transdanu-
bian Range and the karstic water body in the
Biikk Mountains. Quantitative and chemical
risks are shown on Figures 20. to 22.

The basis of the quantitative monitoring of
groundwater consists of the Shallow Ground-
water Level Monitoring Network currently in
operation (1596 wells), the Deep Groundwa-
ter Level Monitoring Basic Network in basin-
type areas (378 wells), the Karst-Water Level
Monitoring Basic Network (245 wells), the
Basic Monitoring Network of Springs (51
springs) and the Groundwater Level Monitor-
ing Network of MAFI (150 wells). In order to
meet the requirements of the Water Frame-
work Directive the network system needs fur-
ther development, especially along some
small watercourses, in areas of particular
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1991.06.4.~1991,06.13.:
The average discharge of Danube at
Bratislava 2096 m'is

MK 061 —2003.08.10
The average discharge of Danube af

Hajka 489 1y /=

Wells wtilized In the compdlation:
green squares are representing the basic
stations, yellow circles the monitoring wells and
red circles are illustrating the operational stations
the figure represents also the lines of EOV coordinates
by ten thousand meters,

Average relief of the surface of shallow groundwater

o - . - -

Figure 14.
Variations in the shallow groundwater level in the Szigetkoz
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interest because of the connection of terrestri-
al ecosystems and groundwater and in the
deep aquifers by using abstraction wells out
of operation. Necessary monitoring points
will be selected from the extended networks
and the local networks of drinking water sup-
plies. After 2006 this new network has to be
in operation. The aim of the operation of the
monitoring network is to provide data for the
determination and supervision of the abstrac-
tion limit value and the available groundwa-
ter resources, as well as the observation of the
trends of groundwater level and head
changes. To the evaluation of the results how-
ever series of hydro-meteorological and
abstraction data, acquired in the course of
construction data of the new wells and the
water levels of the operating wells are neces-

sary.

Temperature of groundwaters,
the geothermal situation

The geothermal gradient (indicating the
increment of temperature (°C) per depth-
unit) is 5°C /100 m being about one and a
half times higher than the worldwide aver-
age. This is partly because in the Pannon-
ian basin, where Hungary is situated the
earth-crust is thinner (only 24 to 26 km)
than the worldwide average of 30 to 35 km.
Moreover the basin is filled up with well
insulating clayey and sandy sediments. The
measured values of thermal flux (i.e. the
heat-output coming from large depths) are
high (90 mW/m2 as an average) in com-
parison with the average of 60 mW/m2 in
the European continent. The mean tempe-
rature is about 10°C on the surface of the
country.

In accordance with the geothermal gradi-
ent mentioned above the temperature of the
rocks and that of the water contained by
them is 60°C at the depth of 1 km and
110°C at the depth of 2 km. In the South-
Transdanubian Region and in the Great
Hungarian Plain the geothermal gradient
is higher than the countrywide average
while it is lower in the Kisalfold region and
in the hilly areas. Water moving upward in
the thermal wells cools down along the
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casing therefore temperature rarely
exceeds the 100°C on the surface. Steam
occurrences of large depth are known only
in a few, not sufficiently explored sites.

In Hungary the wells and springs yielding
water warmer than 30°C are considered ther-
mal wells/thermal springs. Thermal water can
be accessible in about three quarter of the
country’s area (Figure 16.). Some more
detailed information can be found in the
Guide published by the Ministry for Environ-
ment the year 2001: “Thermal Water
Resources in Hungary, their Utilisation and
Protection”.

The intensive drop of heads in the deep ther-
mal water reservoirs of the basin-type regions
caused by the production of thermal water
(Figure 15.) stopped or has been moderated
in most of the sites since the late 80s.
Although information on the production rates
is incomplete, the moderation of the drop
may be attributed to the decrease of produc-
tion even having only unsatisfactory data.

900 of the 1400 thermal wells in the country
are in operation as production wells, their
total abstraction is near 0,2 million m3/d.

About 30 per cent of the wells producing
thermal water are used for balneological pur-
pose, more than one quarter is operated for
drinking water supply and almost half of
them are used for the production of geother-
mal energy. Abstractions for the purpose of
geothermal energy utilisation alone will not
be permissible without re-injection in the
future: the cooled water will have to be re-
injected into the geothermal aquifer.

The designation of thermal water bodies was
discussed in the chapter Groundwater types.

Quality of groundwater

The quality of groundwater is determined
mainly by the rock in which it is stored or
where it is in movement. The original quality
of water is highly influenced by the flow, by
the travel time of water below the surface and
temperature has a certain influence as well.
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Pollutions of human origin change the origi-
nal water quality as well, especially near the
surface.

In the 500 m thick upper zone of the gravel-
and sandy aquifers used for drinking water
supply in the basin-type areas the dissolved
solid content of waters is less than 1g/l. In
the recharge areas the calcium-hydrogen car-
bonate (hard) type is characteristic turning
into the alkali-hydrogen carbonate (soft) type
in direction of the flow along the flow pass.
In the central discharge areas of the basin
(e.g. in the middle of the Great Hungarian
Plain) the water flowing upward is so soft
that it can hardly be used as drinking water.
At some places iron, manganese and ammo-
nium can be detected as a product of anaero-
bic processes. In some parts of deep ground-
water the natural arsenic content causes
problems in the utilisation as drinking water
and the methane content brings about the
danger of explosion. Consequently the natu-
ral quality of deep groundwater is not always
in compliance with the requirements of
drinking water supply. Even the deep
groundwater without contamination of
human origin need some treatment and their
composition causes problems in the course of
water treatment and distribution: a secondary
pollution is caused by the high ammonium
and organic content.

Waters in the geothermal reservoirs usual-
ly below 500 m are of alkali-hydrogen car-
bonate character. The total dissolved salt
content is generally 1 to 3 g/l, however it
can reach the value of 10 g/l. Waters of
higher salt content occur in the deeper,
confined zones of the reservoirs. In such
places waters are characterised by higher
chloride content and their composition is
similar to that of seawater. The gas content
of thermal waters is very high at many
places: 1 m*> water transports several cubic
meters of gas up to the surface from such
aquifers. Beside methane carbon dioxide
may be significant, the separation of which
results in the deposition of dissolved lime in
the pipes, causing problems in the opera-
tion. In the water of certain wells oil and
phenol occurs as well.
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Karstic waters are basically of calcium-
magnesium-hydrocarbonate character be-
cause of the dissolution of carbonate rocks.
The process of dissolution starts immediate-
ly after infiltration: water takes carbon
dioxide from the soil and dissolves the car-
bonate rocks. The dissolved solid content of
cold karstic waters is low, they are highly
suitable for drinking water supply, however
they can be polluted more easily from the
surface.

The dissolved solid content of lukewarm
and warm karstic waters is low in the zones
of more intensive flow: their total dissolved
salt content does not reach the value of
1 g/l (e.g. Héviz). At larger depth the car-
bon dioxide originating from the metamor-
phosis of sunken rocks, furthermore the
mixing of cold and warm waters makes
these waters able for dissolution again.
This is how the caves of thermal origin
have come into being in the vicinity of the
thermal springs in operation (e.g. in
Budapest). Because of the contact with
clayey formations present in carbonate
rocks the chemical character of water may
be of alkali hydrogen-carbonate nature, a
considerable amount of sulphate can origi-
nate from the decomposition of pyrite and
sulphur can occur in the form of sulphide
as well. In confined thermalkarstic reser-
voirs located at larger depth the NaCl con-
centration may increase: in some cases it
can even reach the concentration of sever-
al 10 g/l corresponding to that of seawater
(e.g. Rdbasomjén). Out of gases carbon
dioxide is present in the largest quantity in
thermal karstic water, which makes these
waters aggressive.

The greatest part of groundwater in Hungary
is suitable for drinking water supply; in the
case of deep groundwater the application of
the proper water treatment technology is nec-
essary, other types need disinfection only.
The public health limit values by components
had been provided earlier by a national stan-
dard (Standard MSz 450-1-1989).

At present the Government Decree No.
201/2001. (X. 25.) Korm. on the quality



requirements of drinking water and on the
order of supervision specifies the new limit
values complying with the requirements of
the European Union. These regulations are
referring to tap waters.

In Annex 3 the above-mentioned limit values
are listed together with the groundwater pol-
lution limit values set out in the Joint Decree
No. 10/2000. (VI. 2.) Ké6M-EUM-FVM-
KHVM on limit values established for the
protection of groundwater and the geological
medium. In determining the latter the relevant
regulations and the preservation of drinking
water quality were the definitive aspects.

The qualification of waters as registered
medicinal water is possible only on the basis
of medical tests verifying their curative
effects, i.e. the chemical composition of
waters in itself is not enough, each abstrac-
tion of water must be qualified separately.
(Ministerial Decree No. 74/1999. (XII. 25.)
EiiM on natural curative factors).

The meaning of the expression “natural min-
eral waters” was changed significantly by the
promulgation of the Joint Decree 65/2004.
(IV. 24.) FVM-EszCsM-GKM on the rules
of bottling and marketing of natural mineral
water, spring water, drinking water, drinking
waters with enriched mineral content and
flavoured water in accordance with the Euro-
pean Council Directive 80/777/EEC. The
joint decree mentioned above does not speci-
fy limit values as minimum requirements for
the total mineral content or for the concentra-
tion of biologically active substances.

Waters of higher temperature contain more
dissolved substances in general, therefore a
great portion of the registered medicinal
waters in Hungary are thermal waters
(Figure 17.). The curative effect of thermal
waters comes from their high dissolved
solid content (calcium-magnesium-, sodi-
um-potassium-hydrogen carbonate, sul-
phate, chloride), however the biologically
active substances of lower concentration
play a role as well (e.g. sulphur, carbonic
acid, radioactivity). One type of cold
medicinal waters is represented by the post
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volcanic occurrences of sour waters with
high carbonic acid and iron content
(Pardd, Balatonfiired, etc.); bitter waters
found in clays belong to another group
(Budapest, Nagyigmdnd, etc.).

Groundwater pollution, risk of pollution

It comes from the foregoing review of water
bearing and/or highly permeable geological
formations that shallow aquifers with good
recharge and of high permeability are the
most sensitive ones against pollutions from
the surface. The pressure conditions of
aquifers have a certain role as well: in the
areas of infiltration and recharge the contam-
ination can move downwards with water; this
can occur in the discharge areas of upward
flow only locally. Pressure however can
change because of withdrawals and so con-
tamination can move downwards in areas
where the flow had an upward direction
before. In karstic areas, through the outcrops
of carbonate rocks contamination can move
without any hindrance down to the level of
karstic water and even further because of the
intense mixing of water. In such areas both
the lateral movement and the spread of con-
tamination are fast. In basin areas it is basi-
cally the shallow formations that define the
spreading of contamination: in gravel layers
spreading — similarly to the karsts — is very
fast, it is slower in sandy layers and very low
in the silty, clayey layers. In the latter cases
the adhesion of contamination on the surface
of the fine grains may have an additional role
in the slow spread of contamination as well.

A wide scale of pollution sources is endan-
gering groundwater, however it must be
emphasised that a certain part of the quality
problems is connected to the natural proper-
ties of waters (e.g. the high iron, manganese,
ammonium concentration, and in some cases
the arsenic content exceeding limit values in
deep groundwater). High nitrate concentra-
tion however hints to pollution from the sur-
face. Figures 18. and 19. show the distribu-
tion of ammonium and nitrate in the various
water-types correlated to the public health
limit values in 2004 (based on the data pro-
vided by the Basic Groundwater Quality Net-



work and the Environmental Groundwater
Quality Network).

Nitrification is the most frequent contamina-
tion process, caused dominantly by munici-
palities without sewerage, and the use of
manure and fertilizers in agriculture. Earlier
the public health limit value was 40 mg/l
according to the Hungarian drinking water
standard, at present it is 50 mg/l. Figure 19.
shows that the ratio of nitrate concentrations
above limit value is significant only in the
case of the samples taken from shallow
groundwater, it is 5 to 10 per cent in karstic
water, confined shallow groundwater and
bank-filtered water, while it is negligible in
waters located deeper than 50 m.

Some pesticide residuals were detected in the
water of near-surface aquifers, and in the
vicinity of industrial pollution sources a. o.
heavy metal contaminations were observed.

Hungarian legislation in harmony with the
EU directives and with the international prac-
tice serves as an appropriate basis for the pro-
tection of groundwater. The Government
Decree No. 219/2004. (VII. 21.) Korm. on the
protection of groundwater designates areas of
various sensitivity in terms of groundwater
status and the protection of groundwater qual-
ity on regional scale (Figure 24.) based main-
ly on the extension of near-surface formations
transmitting pollution, and taking into consid-
eration the conditions of infiltration enabling
recharge. Nitrate vulnerable areas published
in the Annex of Government Decree No.
27/2006. (II. 7.) Korm. were designated in
harmony with the above mentioned sensitivi-
ty ranking (Figure 25.). (It is expected to be
replaced by a delimitation based on the agri-
cultural parcel patch identification system
(MePAR), which enables a more adequate
adjustment to hydrogeological borders and
which is expected to be published in a minis-
terial Decree in the first half of 2006.)

In addition to the general, regional protection
enhanced protective measures are neces-
sary in the case of drinking water, mineral
and medicinal water resources (Figure 23.).
For this purpose protection blocks and areas
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are designated in the various zones of which
the activities endangering the quality of
groundwater are to be limited to various
extent (Government Decree No 123/1997.
(VII. 18.) Korm. on the protection of the actu-
al and perspective sources and the engineer-
ing structures of drinking water supply). The
government launched a large-scale action
programme in 1996 relating to the vulnerable
active and perspective drinking water
resources (such are the karstic, bank-filtered,
shallow groundwater- and shallow confined
groundwater resources) in the framework of
which the protective blocks and areas are
being designated based on detailed investiga-
tions. The monitoring systems indicating the
changes in water quality or in the hydraulic
conditions influencing it are developed in this
process as well.

The estimated capacity of the 624 vulnerable
drinking water resources kept on file and
being in operation is 3 million m3/day and the
present rate of abstraction is 1.9 million
m3/year. The diagnostic phase has been fin-
ished in the case of 225 drinking water
resources up to now. Potential vulnerable
drinking water resources were mainly desig-
nated in areas with coarse-grained formations
along watercourses, and only two of them in
karstic areas. Estimated capacity of the 80
designated water resources is about 2 million
m3/d. In the case of 46 water resources of the
latter the tasks of the diagnostic phase have
been finished.

In the course of the determining the quality
risk risk according to the EU Water Frame-
work Directive, diffuse pollution sources of
large extent (primarily the nitrate, different
pesticides and phosphorus content), the large
amount of point pollution sources (920 land-
fills and deposits, and 730 animal farms with-
out proper technical protection), as well as
the available monitoring and other hydro-
chemical data were taken into consideration.
45 water bodies were classified as being pos-
sibly at risk based on nitrate pressure calcula-
tions; the analysis on pesticides showed no
water body in danger. In case of the point pol-
lution sources none of the water bodies
exceeds the ratio of areas with potentially
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Figure 18.
Distribution of Ammonium in the various types of water
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depth:1=<50 m; 2=>50 m)
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Figure 19.
Distribution of Nitrate in the various types of water
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polluted recharge the critical 20 percent, three
water bodies however were classified as possi-
bly at risk (one karstic and one mountainous
water body near Dorog, and one mountainous
water body in the Northern-Borsod industrial
area). Re-injection of groundwater (artificial
recharge into shallow groundwater for purpose
of drinking water supply, re-injection of ther-
mal water used for energetic purposes or oil
production) does not pose a risk on groundwa-
ter quality under the present conditions taking
into consideration the strict legal regulations.
(A water body is at risk if it is not likely to
achieve good qualitative status by 2015; it is
possibly at risk if the determination of the for-
mer criterion needs further investigations.)

The qualitative risk-status of groundwater
bodies, together with the quantitative risks is
shown on Figure 20. to 21.

The groundwater quality monitoring until the
near past consisted mainly of points selected
from abstraction wells (593 sites). This net-
work has been extended in the recent years, as
it had not covered the near-surface zone
mainly affected by pollution. In the frame-
work of the so-called environmental monitor-
ing in addition to the already existing net-
works in the Szigetkdz area and the Danube-
Tisza Interfluvial new sites were included in
the Drava River valley to observe accidental
water pollutions along water courses (mainly
in transboundary waters), in agricultural areas
connected to the so-called TIM points (Soil

38

Information Monitoring), in some areas with
sewage irrigation and in settlements in order
to extend the monitoring of the quality of the
shallow aquifer zone; further, there is a regu-
lar sampling of springs. At present 842 wells
and springs of the monitoring system are
sampled once or twice a year.

Network development tasks carried out by a
consortium led by the Geological Survey of
Finland (GTK) and supported by PHARE is
in the process of completion. In the course of
the aforementioned project 650 new shallow
groundwater observation wells are being con-
structed, and many springs and existing wells
are being sampled. Based on the results of the
developments carried out until now and on
the aforementioned PHARE project the
groundwater quality monitoring network will
be constructed meeting the requirements of
the EU Water Framework Directive by the
end of 2006.

In the countrywide characterisation of
groundwater, quality data acquired in the
course of well construction and operation will
be of great importance in the future too, as
well as the monitoring systems of active and
perspective drinking water resources and the
local networks being established to monitor
pollution sources and contaminated sites; and
in addition to the basic geological informa-
tion data on the pressures caused by diffuse
and point and pollution sources are necessary
as well.



IMPORTANT INTERNATIONAL AND NATIONAL
LEGISLATION ON GROUNDWATER

(summary)

The Water Framework Directive of EU
(Directive of the European Parliament and
of the Council 2000/60/EC of 23 October
2000 establishing a framework for commu-
nity action in the field of water policy)

The objective of the Directive is to establish a
framework for the protection of waters,
among them for the protection of groundwa-
ter, which a. o.

— prevents further deterioration and protects
and enhances the status of aquatic ecosys-
tems and, with regard to their water needs,
terrestrial ecosystems and wetlands direct-
ly depending on the aquatic ecosystems,

— promotes sustainable water use based on a
long-term protection of available water
resources,

aims at enhanced protection and improve-
ment of the aquatic environment inter alia
through specific measures for the progres-
sive reduction of discharges, emissions and
losses of priority substances and the cessa-
tion or phasing-out of discharges, emis-
sions and losses of the priority hazardous
substances,

ensures the progressive reduction of pollu-
tion of groundwater and prevents its fur-
ther pollution.

The Directive applies basically the river basin
approach. However it should be taken into
account that the borders of river basins (catch-
ment areas) are adjusted to surface waters, so
they do not coincide completely with those of
groundwaters, and that the national borders
(among them the borders of EU) are frequent-
ly crossing the natural catchment areas. The
Directive lays emphasis on the control of
transboundary groundwater resources as well.

The Directive prescribes the setting of envi-
ronmental objectives relating to groundwa-
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ters as well. The main issue is to maintain the
balance of withdrawal and recharge and to
prevent or reverse the deterioration of the
qualitative status of groundwater:

— in terms of quantity groundwater is in good
status if water level changes of anthro-
pogenic origin do not cause alterations in
surface waters influencing terrestrial
ecosystems and when they do not cause
changes in the flow direction thus leading
to the deterioration of water quality,
groundwater is in good chemical status if
the concentrations of pollutants do not
exceed limit values on quality applicable
under the relevant Community legislation
and they do not result in any significant
damage to terrestrial ecosystems directly
or indirectly (through associated surface
waters) dependent on groundwater and if
no spreading of any pollution can be
demonstrated.

To the implementation of the environmental
objectives the Directive prescribes deadlines
to be strictly kept, which may be postponed to
a limited extent only. The “good” chemical
and ecological status of surface waters and
the “good” quantitative and chemical status
of groundwater have to be reached by the
year 2015 on the whole.

The provisions should not be considered vio-
lated if they could not be implemented
because of unforeseen or exceptional circum-
stances like droughts in connection with
groundwater levels in Hungary. Impacts
should be investigated also in these cases and
all possible measures should be taken to
restore the original status.

The Directive regulates the monitoring of
water status, among those that of groundwater
as well. Observations have to be extended over
all groundwaters, however monitoring fre-
quency should be increased where the achieve-
ment of environmental objectives is doubtful



and near the state borders. The primary objec-
tive is to provide information for the evalua-
tion of the long-term changes brought about by
natural processes and/or anthropogenic activi-
ties. The Directive calls for the monitoring in
the form of periodic surveys, systematic obser-
vations at specific sites and special tests under
exceptional circumstances.

The Directive prescribes to register the pro-
tected areas (among them the protection
zones serving the preservation of groundwa-
ter) furthermore the identification of all bod-
ies of water used or intended to use for the
abstraction of water for human consumption
providing more than 10 m3/d or serving the
water supply of more than 50 persons. Water
bodies providing more than 100 m3/d has to
be monitored.

The Directive prescribes the characterisation
of river basins (including also groundwater).
More detailed characterisation is required
where the achievementof good status may be
difficult. River Basin Management Plans
should be produced and updated regularly
providing the ways of how to achieve the
environmental objectives and the necessary
measures. States have to report these and the
results to the European Union at regular inter-
vals.

The Directive orders the elaboration of action
programmes in order to mitigate pressures on
and the pollution of waters. With certain
exceptions the Directive prohibits all activi-
ties involving the direct discharge of pollut-
ing substances into groundwater.

The Directive contains numerous other provi-
sions as well. The implementation of the pro-
visions and measures should be summed up
in the River Basin Management Plans cover-
ing the area of a river basin and/or the rele-
vant countries. The plans have to be reviewed
every six years.

In Hungary the harmonisation of the Direc-
tive and the implementation of the provisions
should be completed by the same deadlines as
in the old member-states of the EU. A basic
requirement of the implementation of the
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Directive is the implementation of other
directives referred to in the Directive.

The Ministry for Environment and Water
published an informative brochure on “The
present state of implementation of the EU
Water Framework Directive in Hungary and
the Danube-catchment area” in 2005; the
brochure provides the summary of the Hun-
garian report sent to the EU by the deadline
stated in the WFD.

In addition to the WFD the following two
directives are of outstanding importance
terms of groundwater protection:

— the so-called Groundwater Protection
Directive (80/68/EEC)
(Its Hungarian adaptation is the Govern-
ment Decree No. 219/2004. (VII. 21.)
Korm. on the protection of groundwater),
and

the so called Nitrate Directive (96/676/EEC)
(The Hungarian adaptation is the Govern-
ment No. 27/2006. (1I. 07.) Korm.).

The Council Directive 80/68/EEC deals
with the protection of groundwater against
pollution caused by certain dangerous sub-
stances. It classifies dangerous substances
into List I and List II depending on the level
of danger caused by the relevant substances.

The Directive differentiates between the
direct discharge into groundwater and the
case when the polluting substances reach
groundwater after percolating through the
unsaturated zone (indirect discharges). The
Directive prohibits the direct discharge of
List I substances and prescribes that all activ-
ities possibly leading to the indirect dis-
charge of List I substances and/or the direct
or indirect discharge of List II substances are
subject to authorisation. Authorisation may
be granted only if prior investigation proved
that the concentration of contaminants in
groundwater would not exceed an inadmissi-
ble level. The authorisation may be granted
for limited period only and it has to be
revised at least every 4 years. The authorisa-
tion should define the conditions of the activ-



ity to be performed, and specify the monitor-
ing of discharge and of the impacts (if the
implementation of the latter is realistic). The
measurements and observations should be
documented. Member states are obliged to
report on the activities covered by the Direc-
tive. The content of reports is regulated sep-
arately.

The Nitrate Directive (911676/EEC) covers
the protection of waters against pollution
caused by nitrates from agricultural sources.
All waters and their catchment areas as well
should be declared vulnerable against nitrate
pollution where the nitrate content of the
water already exceeds 50 mg/l, or where it
may exceed this value if the rules of “good
agricultural practice” are not be followed.
The rules of “good agricultural practice”
apply to the installations of animal breeding,
the storage and agricultural use of solid and
liquid manure and the rules on water protec-
tion of other agrotechnical activities. The
application of “good agricultural practice” is
obligatory in the nitrate-vulnerable areas. For
the purpose of the implementation of tasks
action programs should be established every
four years. The Directive prescribes the obli-
gation of data reporting as well.

The directive 85/337/EEC on the assess-
ment of the effects of certain public and
private projects on the environment, the
directive 97/11/EC amending the former,
as well as the directive 96/61/EC concern-
ing integrated pollution prevention and
control prescribe the application of the envi-
ronmental impact assessment and the unified
permits on environmental use prior to granti-
ng the permits of construction on activities
having significant effects on the environment.
The two gorvernment decrees earlier in force,
which were prepared to harmonise the afore-
mentioned directives were synthesized by the
end of 2005.

The Government Decree No. 314/2005.
(XIL 25.) Korm. on environmental impact
assessment and the uniform environmental
use permits harmonises the two authorisation

procedures, thus making it faster and more
flexible.
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Government Decree No. 74/2000. (V. 31.)
Korm. on the announcement of the Con-
vention on the Protection and Sustainable

Use of the Danube River done in Sofia on
the 29th June 1994.

The scope of the Convention announced by
the Decree concerns the Danube River basin
and the watercourses therein, however it
defines the preservation, improvement and
rational use of groundwater among the objec-
tives and principles. Particular reference is
made to the long-term protection of ground-
water resources and the existing and intended
protection zones important for the present and
the future drinking water supply, to the pre-
vention of deterioration of groundwater
resources (caused mainly by nitrates, herbi-
cides, pesticides and other harmful sub-
stances).

National legislation

Annex 1 lists the most important legal regu-
lations referring to groundwater. A short sum-
mary of the most significant regulations can
be found below.

Act LIIT of 1995 on the general rules of
environmental protection

This Act contains the fundamental rules of the
protection of waters, among them those of
groundwater. It prescribes the general rules of
the protection of environmental elements
including those of groundwaters.

The Act prescribes the general rules of the
protection of environmental elements,
groundwater included. It defines a. o. the fun-
damental elements of protection (precaution,
prevention, remediation, responsibility, coop-
eration, collecting and providing information,
and publicity). It declares the general require-
ment of the consistent protection of the envi-
ronmental components on one hand, and con-
tains the basic rules of water protection on the
other.

As far as groundwater is concerned, consis-
tent protection refers to the consideration of
the interactions with surface waters on one



hand and entails the harmonisation of the pro-
tection both of groundwater and the geologi-
cal medium (topsoil included).

The Act declares that when using the envi-
ronment “waters shall remain as a factor of
the landscape; the conditions necessary for
the survival of the aquatic and riparian flora
and fauna as well as the quantity and quality
conditions ensuring the potential use of water
shall not deteriorate.”

Compared with the general level of quality
protection [specified mainly by the Govern-
ment Decree No. 219/2004. (VII. 21.) Korm.]
drinking water resources and those serving
the utilisation of mineral and medicinal
waters should be specially protected. (Special
rules concerning such resources are defined
by the Government Decree No. 123/1997.
(VII. 18.) Korm.

The Act prescribes that in the framework of
state responsibilities for environmental pro-
tection among others the quantity and quality
objectives (target state) for the environmental
elements should be defined.

The quantity objective (target value) for
groundwater comprises the following tasks of
outstanding importance:

— hampering the decrease of groundwater
level (pressure head), ensuring and pro-
moting its regeneration, the recovery of the
water household in the endangered
regions,
developing the equilibrium of abstraction
and recharge so that the level of near-sur-
face water (shallow groundwater and open
karstic waters) does not fall below the long
term quasi-natural average due to anthro-
pogenic activity, except in the immediate
vicinity of the abstractions,
no unfavourable change of water quality
because of the new hydraulic conditions
resulting from the abstraction of water
should ensue.

The Act prescribes the establishment of envi-
ronmental requirements to the control of dis-
charges and the quality protection of recipi-
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ents. These may be among others the various
limit values.

The Act differentiates several kinds of licens-
ing processes as they follow:

environmental permit based on environ-
mental impact assessment,

unified permit to the use of the environ-
ment,

environmental operation permit based on
environmental audit.

The Government Decree No. 219/2004.
(VIIL. 21.) Korm. on the protection of
groundwater aims at the determination of
tasks, rights and obligations associated with
the ensuring and maintaining of the good
status, and the progressive reduction and pre-
vention of pollution of groundwater; a sus-
tainable water use based on the long-term
protection of available groundwater resources
and the remediation of the geological medi-
um. The Decree applies — with the exception
of substances and activities falling under the
scope of a separate piece of legislation on
nuclear power — to the groundwater, the geo-
logical medium and to the activities affecting
their status and pollutants.

To the deposition of hazardous, non-haz-
ardous, as well as of inert wastes decrees
falling under the authorisation of the Act
XLIII. of 2000 on Waste Management
applies. Requirements included in those
decrees should be applied by consideration of
the Gov. Decree No. 219/2004. (VIIL. 21.)
Korm. The same applies for the construction
of inflammable fluid deposits or the disposal
of other dangerous substances if the activity
falls under the scope of a piece of legislation
in force. In case of activities without similar
regulation specifications and directions in
standards, guidance and different kinds of
reference books should be taken into consid-
eration when planning a facility so that no
admissible pressure on the geological medi-
um or groundwater is caused by the activity.

One fundamental principle stated in the
Decree is that the status of groundwater bod-
ies should meet the objectives of good quali-
tative and quantitative status by the deadline



referred to in the Act on the General Rules of
Environmental Protection. To meet these
objectives compliance with the following cri-
teria should be ensured, so that no deteriora-
tion of status take place; all significant and
sustained adverse trends in groundwater sta-
tus be reversed; criteria for good quantitative
and qualitative status of groundwater bodies
— except in the case of water bodies at risk —
be fulfilled and the status of water bodies at
risk progressively improve. Groundwater
and geological medium permanently dam-
aged should be registered and controlled, and
their status be improved by remediation. The
status of groundwater is determined by the
poorer out of the quantitative and qualitative
status.

A groundwater body is in good quantitative
status, if the long-term (min. 10 years) annu-
al abstraction rate does not exceed the avail-
able groundwater resource; and the abstrac-
tion does not cause sustained decrease in
groundwater level or groundwater pressure
level in any part of the water body; further-
more environmental objectives for the associ-
ated surface waters specified in a separate
piece of legislation are achieved. Further cri-
teria are that alterations to flow direction may
not result in a sustained deterioration of status
and that no terrestrial ecosystem directly
dependent on groundwater is damaged. Good
quantitative status should ensure that envi-
ronmental objectives defined for the physical
and chemical status of groundwater can be
achieved without hindrance.

A groundwater body is in good chemical sta-
tus, if changes in its quality characteristics do
not result in a significant and sustained dete-
rioration of qualitative status and/or a signifi-
cant change of natural physical and chemical
status and/or a deviation from the qualitative
limit values established in a piece of legisla-
tion or in the river basin management plan.
Alterations of the qualitative status of
groundwaters may not result in a significant
deterioration of ecological or chemical status
of associated surface waters, and/or in the
damage of terrestrial ecosystems directly
dependent on groundwater as a consequence
of poor water quality.
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Certain changes to the aforementioned objec-
tives may be introduced for water bodies at
risk exclusively as specified in a separate
piece of legislation (Gov. Decree No.
221/2004. (VII. 21.) Korm. on the rules of
river basin management).

In order to achieve environmental objectives
groundwater bodies have to be designated,
registered, their status should be monitored
and the impacts affecting them evaluated on a
regular basis under consideration of the pres-
sures from point and diffuse pollution
sources.

The abstraction limit value (“M;”) which
means the total annual volume of water (in
m3/year) that may be withdrawn with the
highest permitted range of water level
decrease should be determined for the differ-
ent parts of the water body ensuring that
abstractions do not endanger natural quality
of groundwater, do not cause 