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Extended summary

Introduction

This report focuses on European inland sur-
face waters, ie. rivers, lakes, and reservoirs,
and reviews their environmental state and the
environmental problems caused by human
activity.

At present, European inland surface waters
are mainly used for public water supply,
waste disposal, irrigation, industrial processes
and cooling, transportation, and hydroelectric
power generation. However, their use for re-
creational purposes such as bathing, sailing,
sports fishing and simple enjoyment is becom-
ing increasingly important. The growing
number of both uses and users has increased
the exploitative pressure on European fresh-
water resources, and hence increased the con-
flicts between various uses and users, as well
as between man and the organisms that live
in or near such waters. The use of rivers and
lakes for waste disposal from municipalities,
industries, or mining activities is in clear con-
flict with their use for public water supply,
crop irrigation and livestock watering since
the latter uses require high water quality. The
use of inland surface waters for waste dis-
posal also dramatically affects organisms liv-
ing in the water, and may even eliminate or
favour certain species. Their use for recrea-
tional purposes may also be affected, for ex-
ample by toxic substances and frequent algal
blooms that arise when nutrient levels are
high as a result of waste water discharge and
agricultural runoff.

European rivers

In propartion to its land area, Europe has the
longest coastline of all continents. As it is a
relatively young and structured continent
from the geological point of view, river catch-
ments are numerous but relatively small and
rivers are short. The three largest European

rivers, the Volga, the Danube, and the Drepr,
drain one quarter of the continent, but are
small by world standards, their catchments
ranking 14th, 29th, and 48th, respectively. The
31 largest rivers in Europe, all of which have
catchment exceeding 50000 km?, drain
approximately two thirds of the continent,
More than half of these rivers have their catch-
ment in the former Soviet Linion, while another
ten of these large rivers drain into the Atlan-
tic and the North Sea.

European lakes

Many natural European lakes appeared 10-
15000 years ago, during the last glacial
period. The ice sheet covered all of northern
Europe, but in central and southern Europe it
was restricted to the mountain ranges. As a
rule, the regions that have many natural lakes
are those that were affected by the ice sheet.
Thus, Norway, Sweden, Finland and the Karelo-Kola
part of the Russian Federation have numerous
lakes, while most natural lakes in central Eu-
rope lie in mountain regions, those at high
altitude being relatively small, and those in
the valleys being the largest. Countries that
were little affected by the glacial period have
few natural lakes - for example, great parts of
the central European lowlands. In these areas,
man-made lakes such as reservoirs and ponds
are often more frequent than natural lakes.
In Europe there are more than 500 000 lakes
larger than 0.01 ki, of which about 80-90 per
cent are small with a surface area between 0.01
and 0.1 ko', and only about 16 000 have a
surface area exceeding 1 km’. Lake Ladoga and
Unega located in the northwestern part of the
Russian Federation are the largest European
lakes. Both are considerably larger than other
European lakes and reservoirs, but neverthe-
less rank only 18th and 22nd in world order.
The third largest European freshwater body
is the Kuybyshevskoye reservoir on the Volga.
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Information sources

Considerable environmental information on
rivers and lakes is currently collected and
reported by various regional or national au-
thorities. However, this information is hetero-
genous, and therefore difficult to collate as a
pan-European environmental report. Never-
theless, a first attempt at doing so has been
made in this report. The primary focus is on
frequently measured water quality parame-
ters (eg. organic matter in rivers, nutrients in
rivers and lakes, and acidification of inland
surface waters) since the wide geographical
coverage makes these variables well-suited to
illustrate the general environmental state of
European inland surface waters. The state of
and the threats to European flora and fauna
in relation to inland surface waters are illus-
trated by short descriptions of a number of
species. Various sources were used in the com-
pilation of the report, including the scientific
literature, questionnaires submitted to each
country’s focal point, and national or regional
reports on the environmental state of inland
surface waters. The various environmental
factors and their effects on water use are de-
scribed below:

River regulation

River regulation is a general term that descri-
bes the physical changes man imposes on
watercourses, the most important of which are
the construction of reservoirs, channelization,
land drainage, and irrigation. Many European
rivers have now been regulated, and in some
countries few unregulated rivers remain. The
extent of regulation is greatest in western and
southern Europe, although many river sys-
tems in eastern Europe and Nordic countries
have been affected by the construction of
reservoirs. There are now more than 4000
large reservoirs with dams higher than 15m
in Europe, half of which have been built since
1961; in addition, there are several thousand
smaller reservoirs spread across the continent.
Reservoirs markedly affect the natural flow
regime, as well as the transport of suspended
matter. The ecological consequences can be
manifold, one example being the obstruction
of faunal migration and a reduction in biologi-
cal diversity in and downstream of the dam.
Reservoir construction in Europe has fallen off
during recent years, mainly because of lack of
suitable sites. Nevertheless, the impact of the
existing reservoirs will continue to affect the

environmental state of many rivers, and one
of the important environmental issues of the
future will be to protect the few remaining un-
regulated large river systems. Another issue
of concern is that many reservoirs are located
in transboundary rivers and can therefore give
rise to international conflicts concerning water
rights and quality (eg. the Gabcikova hydro-
electric power plant on the Dirinbe),

Organic pollution

The many areas of Europe with high popula-
tion density and high industrial development
pose a potential threat of pollution because of
the high production of organic waste, organic
pollution being known to lower the oxygen
level of the receiving water body. The detri-
mental effect of this is most marked in rivers,
where it mainly affects aquatic organisms
requiring high oxygen levels; in the case of
severe organic pollution, river habitats be-
come uniform since only a few robust species
areable to tolerate the low oxygen concentration.

At present, European rivers are generally
fairly well oxygenated and able to support a
healthy aquatic biota. Organic matter levels in
rivers are generally low in the sparsely popu-
lated areas (eg. the Nordic countries and the
Alpine region), while the heavily affected riv-
ers are mainly located in a band across cen-
tral Europe, particularly in Belgian Flanders,
Bulgaria, the Czech Republic, Moldova, Poland,
Riomania, and Spain.

The level of organic matter in many European
rivers has decreased over the last 15 years.
Thus, a comparison of data from 223 Euro-
pean rivers for the periods 1977-82 and 1988-
90 showed a decrease in organic matter con-
centration in almost 75 per cent of the rivers
while the reduction was greater than 25 per
cent in 41 per cent of the rivers, there was an
increase of more than 25 per cent in 8 per cent
of the rivers. The improvement was greatest
in western Europe, and less pronounced in
eastern Europe, where about 40 per cent of the
rivers had increasing organic matter concen-
trations. Although many European countries
have developed action plans to reduce the
organic load by ensuring that waste water is
collected and adequately treated, the eco-
nomic recession and the general economic situa-
tion have slowed the construction of sewage
treatment plants. It is therefore still necessary
to focus on rivers in which organic loading is
high so as to ensure the implementation of
effective measures to reduce organic loading.



Eutrophication

Eutrophication is the excessive enrichment of
a surface water body with nutrients. This
stimulates the growth of aquatic plants, espe-
cially phytoplankton, thereby causing the
water to become turbid. Eutrophication may
provoke a shift in the biological structure of
the water body, and cause excessive growth
of potentially poisonous blue-green algae. In
cases where the surface water is used for do-
mestic water supply, this necessitates that the
water be treated and filtered prior to use, The
effects of eutrophicaion are generally most
apparent in lakes, reservoirs and coastal areas,
as well as in large slowly flowing rivers.

Eutrophication of surface waters is a wide-
spread problem in Europe. In general, nutri-
ent levels are lowest in the rivers of the
sparsely populated Nordic countries, and
highest in the countries situated in a band
stretching from the southern part of the United
Kingdom to the Balkan area and the Ukraine.
There is a close relationship between phos-
phorus concentrations and catchment popu-
lation density, and between nitrogen concen-
tration levels and the percentage of the
catchment used for agricultural purposes.
Most of the phosphorus loading of inland
surface waters is attributable to discharge
from point sources, especially municipal sew-
age water and industrial effluent, while nitro-
gen loading is primarily derived from agricul-
ture activity, especially from the use of
nitrogen fertilizers and manure.

The European lakes with the lowest phos-
phorus concentrations are found in Norway,
Sweden and Finland, lake total phosphorus
level being below 25 pug P 1" in 75-90 per cent
of the lakes. The lakes in the Alpine region also
have relatively low phosphorus levels, the
majority of lakes having concentrations below
25ug P1". In central Europe, lake phosphorus
levels are generally high, in Spain, England,
and Wales, Rumania, Denmark, Poland, The
Netherlands and Moldova, for example, phos-
phorus concentrations exceed 50 and 125 ug
P 1" in more than 80 per cent and 45 per cent
of the lakes, respectively. The level of total
nitrogen in lakes shows the same tendency as
for phosphorus. Thus, the majority of lakes in
the sparsely populated Nordic countries have
low nitrogen levels, while the lakes in central
Europe have high concentrations; in Denmark
and Poland, for instance, 85-90 per cent of the
lakes have total nitrogen levels higher than
0.75 mg N 1. As a consequence of the high
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nutrient level many of the lakes have high
phytoplankton concentrations, and hence
very turbid water.

Improved waste water treatment has led to
a decrease in the phosphorus concentration of
most European rivers and many lakes over the
last 10-15 years. Data from 221 European
rivers shows that the phosphorus concentra-
tion in the majority of the rivers (64 per cent)
decreased between the period 1977-82 to 1988-
90, In one third of the rivers, the reduction was
greater than 25 per cent. The reduction in
phosphorus levels was most marked in west-
ern Europe, a reduction of more than 25 per
cent being observed in half of the rivers. A
similar reduction in phosphorus loading and
concentration has been observed in several
European lakes. However, in many lakes the
concentration is still high, and little improve-
ment has been observed in water quality.

The ammonium level in many European
rivers has also declined, this being mainly
attributable to improved waste water treat-
ment and increased awareness of the import-
ance of correct handling and storage of ma-
nure and silage. The improvement has been
most marked in the western European rivers,
while the ammonium levels have increased in
several rivers in eastern Europe.

In contrast to phosphorus and ammonium
levels, the nitrate level in most European
rivers has increased during the last 10-15
vears, mainly as a result of the increasing use
of nitrogen fertilizers. Thus, nitrate levels in-
creased between 1977-82 and 1988-90 in more
than two thirds of 230 European rivers.

Nevertheless, nutrient levels are still far too
high in many areas of Europe, and unless
drastic efforts are made to reduce nutrient
input, eutrophication will continue to be an
important European environmental issue. It
may prove necessary to require phosphate
precipitation in waste water treatment plants
or a reduction in the phosphorus content of
detergents, as well as measures to reduce
nitrogen and phosphorus run-off from agri-
cultural areas. Successful restoration of eutro-
phic lakes is possible, but expensive, and the
recovery time can be long. However, recovery
may be shortened by additional measures to
reduce phosphorus release from the sediment
or to overcome biological resilience.

Acidification
Acidification of surface water is found in areas
where acidic deposition is high and the catch-
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ment soil and bedrock is poor in limestone and
other easily weatherable minerals. During the
last century, acidic deposition in Europe has
increased markedly as a consequence of in-
creased atmospheric emission of sulphur and
nitrogen oxides, in particular from the burn-
ing of fossil fuels. The southern parts of Fin-
fand, Sweden, and Norway are the areas most
seriously affected by surface water acidifica-
tion, but lake acidification has also been re-
corded in the Karelia and in the Kola Peninsula
in the Russian Federation. Most surface waters
in western and central Europe are not affected
by acidification. However, acidification has
been observed in a number of areas, includ-
ing high altitude lakes in some mountain
regions, lakes and rivers in some forest areas
of central Europe, surface waters in acidic soil
areas of Scotland, northern Englamd, and Wales,
and small seepage lakes in northwestern
Europe.

Acidification affects aguatic ecosystems at
all levels and has a profound impact on both
plant and animal communities. Aquatic or-
ganisms are influenced both directly, because
of the resulting toxic conditions, and indi-
rectly because of the loss of suitable, acid sen-
sitive prey. Waters with a pH below 5.0 are
generally devoid of fish. In southern Norunay,
for example, 1750 of 5000 lakes are completely
devoid of fish as a result of acidification, while
a further 900 lakes are seriously affected. The
Atlantic salmon is now virtually extinct in 25
rivers in southern Norway due to acidification.

A reduction in acidifying emissions of sul-
phur and nitrogen oxides is generally consi-
dered to be the only effective long-term solu-
tion to the problem of freshwater acidification.
The majority of European countries are com-
mitted to reducing the emission of both sul-
phur and nitrogen oxides. In Helsingfors in
1985, 21 European countries signed a conven-
tion aimed at reducing national sulphur dioxide
emissions to approximately 70 per cent of the
1980 level by 1993. Similar agreements for
reducing nitrogen oxide emissions were made
by 12 countries in Sofia 1988, while most other
countries only agreed to freeze nitrogen oxide
emissions at the 1987 level until 1994, At
present, little is being done to control ammo-
nia emissions. From 1980 to 1990 sulphur
emissions in Europe have been reduced by 27
per cent, The reductions achieved are great-
est in western Europe (48 per cent), and pro-
portionately less in eastern Europe (18 per
cent). Emissions of nitrogen oxides have risen
by 5 per cent in the same period, while emis-

sions of ammonium have remained more or
less unchanged. However, since the required
reduction in acidifying emission is estimated
to be as much as 70-80 per cent, and as only a
few countries have implemented plans for a
reduction of that magnitude, considerable
investment will be needed if the deterioration
of European lakes and rivers by acidification
is to be stopped.

Some countries have used liming of inland
surface waters to counter the adverse effects
of acid deposition. Thus more than 6000 water
bodies have been limed since the 1970s in Swe-
den, 1200 in Norway, and hundreds in Finland.
Liming has only a short-term effect, however,
and two to three years after a lake has been
limed, the majority of the lime will either have
been used or washed out of the lake.

Heavy metals

The production and use of heavy metals has
increased markedly in Europe during the 19th
and 20th centuries. As a result, heavy metal
contamination of inland surface waters has
also increased, the main sources being mining
and industrial activities. The increase in acidic
deposition has also led to increased mobiliza-
tion of metals from the soil, and hence to
elevated heavy metal levels in the aquatic
environment,

The level of heavy metal pollution of Euro-
pean rivers and lakes is difficult to compare
and assess, primarily because the measure-
ment of heavy metals is rarely included in
monitoring programmes, but also because
concentration levels are usually so low that
problems arise with sample preparation and
methodological precision. In general, the
heavy metal concentrations in European
rivers are well below standards for drinking
water. However, human activity has led to
increased levels of heavy metals in several
rivers, and in some, particularly those located
near mining areas or industries using large
quantities of metals, high metal levels have
been recorded. Although the adverse influence
of heavy metals on the aquatic biota in Europe
is generally overshadowed by other environ-
mental problems, especially eutrophication
and acidification, its negative impact on the
aquatic biota cannot be ruled out.

In the 1970s metal concentrations reached
alarming levels and regulations were there-
fore implemented to control heavy metal
release at the source. This has reduced levels
of harmful metals in many western European



rivers during the last decade, but the positive
reduction in the direct input of heavy metals
into aquatic systems has partly been offset by
other negative factors such as increased mo-
bility of toxic metals as a consequence of the
increased acid precipitation. Moreover, the
introduction of chelating agents to replace
polyphosphates in detergents may interfere
with natural removal processes and may
remobilize metals from particulate matter,
while the draining of marshes and wetlands
may reduce the number of sinks available for
mobilized metals.

Organic micropollutants

The marked increase in the use of pesticides
during the last 30 years and the increased pro-
duction of synthetic organic substances used
in various industries have led to pollution of
inland surface waters by a wide variety of
organic micropollutants, While the toxic ef-
fects of some organic micropollutants are well
known (eg. DDT, PCBs), and others are sus-
pected of having various adverse effects, the
environmental impact of many others remains
to be elucidated. The threat from organic
micropollutants is enhanced each year by the
production and potential for release into the
aquatic environment of a vast number of new
organic chemicals.

The effect of organic micropollutants on the
aquatic environment is very difficalt to ana-
lyze. Information on organic micropollutants
in European inland surface waters is currently
insufficient to document the extent and
seriousness of the problem. However, it is a
well-known fact that the many heavily agri-
cultural and industrialized areas of Europe
potentially constitute a major threat of pollu-
tion. Of major concern therefore is either to
ban or restrict the use of toxic or potentially
toxic micropollutants, and to ensure that the
handling and use of these and other organic
substances does not result in their discharge
into the aquatic environment.

Radioactivity

Various human activities such as nuclear
power production and nuclear waste disposal
have increased the potential for contaminat-
ing the aquatic environment with radio-
nuclides,

Nuclear power plants are built close to a
major water source, gither inland or coastal,
and this may result in reduced flow and
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thermal pollution. In addition, the passage of
water through the power plant may lead to its
contamination with radionuclides. More than
200 nuclear power plants are currently in
operation in Europe. Although elevated radia-
tion levels are observed downstream of these
plants, the levels observed are generally well
below those considered of any significance
from the point of view of human health. How-
ever, the risk of accidents cannot be ruled out
{eg. Chernobyl). Nuclear waste disposal sites
are another potential source of contamination
of inland surface waters. There have been
several reports from eastern European coun-
tries of the careless handling of radioactive
waste having led to or being a potential source
of contamination of rivers and lakes.

Other hazards

Many other human activities affect the envi-
ronmental state and water quality of inland
surface waters, eg. thermal pollution, trans-
portation and navigation, water abstraction
for irrigation and human consumption, dis-
charge of pathogens, and salinization. The
environmental problems associated with
these activities are either not described or are
only briefly mentioned in the present report,
although these problems may be of major
importance locally.

The biology of European
inland surface waters

River, lake, and wetland ecosystems are an
important part of European nature. The physi-
cal characteristics of a river (eg. current, gra-
dient, temperature) continuously change as
the river progresses from its source to its
mouth, The chemical characteristics of river
water also vary from reach to reach, reflect-
ing both local and upstream conditions. Thus
a river system is a continuum of habitats that
varies according to local physical and chemi-
cal conditions, and one that is able to support
an impressive array of biological communities
along its course. The most distinctive charac-
teristic of lakes is that the water is standing.
Lake ecology varies depending on whether
the lake is deep or shallow, large or small.
Lakes typically have several biological com-
munities in their constituent parts, eg.
submerged macrophytes in shallow water
and phytoplankton at greater water depths.
Flood plains and wetlands alongside rivers
and lakes are highly productive ecosystems;
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they provide important feeding and breeding
areas for fish, insects, and birds, and serve as
pollution sinks that reduce the pollution of the
aquatic environment. The presence of charac-
teristic plants, fish, birds, and mammals in or
along rivers and lakes is an integral part of the
experience these natural environments offer,
not least because many of the animals are of
importance to recreational fishing and hunt-
ing.

About 250 species of macrophytes and 250
species of fish inhabit European inland surface
waters, and about 25 per cent of all European
birds and 11 per cent of all European mam-
mals depend on freshwater wetlands for
breeding or feeding,.

Deterioration of water quality, channeliza-
tion, loss of wetlands, etc,, have detrimentally
affected many European freshwater habitats
and resulted in the loss of their natural vegeta-
tion and animal life. Not only has the exist-
ence of many species become rare, vulnerable
or threatened, but some have even become
extinct in parts of their natural distribution
area,

On a global scale the loss of animal and
plant species is occurring at a rate faster than
ever previously recorded. Twenty species of
fish, nine species of birds and five species of
mammals from European freshwater habitats
are included in the [UCN Red List of Globally
Threatened Species, with many more species
being included in several of the national Euro-
pean red lists, This reflects the fact that more
species are endangered on a regional level,
and their populations may have vanished or
been relegated to areas so small that their fu-
ture survival is uncertain, New and ongoing
investigations are needed in order to provide
a realistic picture of distribution and habitats,
animal and plant species, and thereby enable
their classification on the national and inter-
national red lists,

Aquatic macrophytes

Many European surface waters have lost their
natural aquatic vegetation in recent years,
submerged macrophytes having been particu-
larly affected by the deterioration of water and
habitat quality. As submerged macrophytes
only occur in the aquatic environment, they
are very sensitive to changes in water and
habitat quality. Each species is more or less
adapted to a specific type of aquatic habitat
with its special water and the sediment charac-
teristics. One feature common to all sub-

merged macrophytes is their dependence on
sufficient light; any decrease in light transmis-
sion caused by an increase in water turbidity
will therefore lead to a reduction in vegetation
density and a decrease in the maximum depth
at which plants can grow, In extreme cases,
such as in many very turbid European lakes
and rivers, all submerged macrophytes disap-
pear completely. Since submerged macro-
phytes are of major importance to lake and
river biological and chemical processes, their
disappearance has changed the ecosystem
and the ecological stability of many lakes and
Fivers.

Fish

European freshwater fish populations are af-
fected by many types of environmental dete-
rioration. In many rivers, organic pollution
and the resulting oxygen depletion and high
concentration of ammonia has significantly
reduced fish populations, as has the discharge
of oxygen consuming organic substances.
Acidification can severely affect the fish fauna
of lakes and rivers. In addition, channelization,
maintenance activities, and increased sedi-
ment transport have destroyed spawning
grounds and nursery areas. Similarly, the
establishment of dams and weirs has reduced
the access of migratory fish to large areas of
potential spawning grounds and has frag-
mented the population of many species. Over-
fishing is a major problem in connection with
many commerdally interesting species. More-
over, eutrophication of many inland surface
waters has changed the fish community, with
species more tolerant to the turbid environment
having become dominant.

The future

Increasing appreciation of the need to act
against the above mentioned threats to the
European freshwater environment provides
hope that the overall decline in freshwater life
will soon cease, Ensuring an optimal fresh-
water floral and faunal diversity throughout
Europe necessitates improving water quality
in combination with conservation pro-
grammes and the proper management of the
plants and animals and their habitats. This
will require international cooperation and
large-scale investment to reduce pollution
discharge and re-establish habitats, as well as
the regulation of the various uses to which
inland waters are put.



Sustainable use and
development

Although still of good quality in some regions,
European inland surface waters are threat-
ened by a multitude of human activities. The re-
sult can be a decline in the quantity and quality
of water available for human uses, as well as
of the ecological quality of water bodies. In
view of these problems, better integrated
water management is urgently needed Lo hall
and reverse the deterioration of their environ-
mental quality. One of the basic concepts for
water quality management is that both water
quality and availability must be integrated in
both long-term planning and in policy imple-
mentation. Moreover, water quality should be
a central element in the inception and devel-
opment of plans and policy. This has led to a
concept of sustainable use and development
that emphasizes the finite nature of water re-
sources and their limited assimilative capac-
ity for pollutants. Development plans should
bear this in mind. It is important that quan-
tity and quality are seen to be linked since
high abstraction from a water body will
reduce its capacity to dilute and assimilate
effluents without them having adverse effects.
The practical consequence is that more em-
phasis should be placed on the ecological
basis for water quality analysis and manage-
ment, and for the planning for water use.

Extended summary

Reliable high quality information about the
environmental quality of inland surface
waters is essential for water management and
the implementation of optimal measures to
improve environmental quality. Greater
knowledge of water quality at the regional
and European levels is needed if the manage-
ment of inland waters at the European level
is to be improved. This report is one of the first
attempts to assess the environmental state of
European inland surface waters, the overview
would be significantly improved if more in-
formation were to be included, however. The
final chapter of the report therefore discusses
how the considerable information on rivers
and lakes currently collected and reported by
various large regional and national authori-
ties may be collated in an all-European
environmental report. Such a report would be
invaluable for 1) assessing the general envi-
ronmental state of inland surface waters, 2)
identifying areas with severe environmental
problems, 3) providing a basis with which to
identify and assess environmental threats at
the regional and global levels, 4) providing
information necessary to ensure that society
develops in an environmentally sustainable
way, and 5) enabling general actions to be
taken to improve the environmental state of
inland surface waters.
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Introduction, data, and
Information sources

Life on earth originated in water and water in
sufficient quantity and of sufficient quality is
necessary for the well-being of all living or-
ganisms. Furthermore, the evolution of man-
kind and human civilization has been closely
linked to aquatic media, especially to fresh
water. The importance and intensive use of
fresh water therefore makes it a vulnerable
and increasingly limited resource, especially
since fresh water is usually reclaimed from
groundwater and inland surface water, the
two aquatic media that are most affected by
human activities. This report focuses on Euro-
pean inland surface waters, ie. rivers, lakes,
and reservoirs, and reviews their environmen-
tal state and the environmental problems
caused by human activity.

Usage of European
inland surface waters

Man has probably always used inland surface
waters as a source of drinking water and food
(eg. fish and molluscs) and for transportation.
As agriculture developed, fresh water was
also used toirrigate crops and to run corn and
saw mills, etc. This led to the first physical
changes in watercourses: dams and reservoirs
were built, and lowlands were drained, As
large urban settlements developed, the need
for waste removal increased and sewers were
therefore constructed, the wasle being
discharged directly into nearby rivers or lakes
in the belief that the waste products would
thereby be diluted, exported, and decompo-
sed. Industrial development increased the
number of ways surface waters are used, for
example for electricity production and cool-
ing purposes.

Inland surface waters are still used for
these purposes, but the magnitude of use has
in many cases changed, for example from
small mill dams to very large reservoirs. In
addition, the importance of some uses of inland

surface waters has diminished, for example
for food supply. At present European inland
surface waters are mainly used for public
water supply, waste disposal, irrigation, in-
dustrial processes and cooling, transportation,
and hydroelectric power generation. How-
ever, their use for recreational purposes such
as bathing, sailing, sports fishing and simple
enjoyment is becoming increasingly impor-
tant.

While the various uses that are made of
surface waters require that the rivers and
lakes have a certain quality, many of the uses
deteriorate water quality, thereby affecting its
use for other purposes. The growing number
of both uses and users has increased the ex-
ploitative pressure on Furopean freshwater
resources, and hence increased the conflicts
between various uses and users, as well as
between man and the organisms that live in
or near such waters,

The use of rivers and lakes for waste dis-
pasal from municipalities, industries, or min-
ing activities is in clear conflict with their use
for public water supply, crop irrigation and
livestock watering since the latter uses require
high water quality. The use of rivers and lakes
for waste disposal also affects their biological
structure, and may even eliminate or favour
certain species. Their use for recreational pur-
poses such as bathing may also be affected, for
example by toxic substances and the frequent
algal blooms that arise when nutrient levels
are high as a result of waste water discharge
and agricultural runoff. Other uses, such as
transportation and hydroelectric power gene-
ration, are independent of water quality but
require water in large amounts; for this rea-
son it is often necessary to construct dams,
reservoirs, sluices, and bank stabilizing struc-
tures. These may affect aquatic organisms, for
example, by hindering the up- and down-
stream migration of migratory fish, or by
changing water flow and temperature regimes
such that the entire aquatic ecosystem is dis-
turbed.
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Although the various ways in which inland
surface waters are used can be justified to
some extent, for example because hydroelec-
tric power stations produce electricity without
the burning of fossil fuel, waste water dis-
charge removes our waste products, and irri-
gation increases crop yield, each use affects
the use of the water for other purposes,

Assessment of the
environmental state
of European inland
surface waters

The European continent covers about 10 mil-
lion kmv?, stretching from the AHantic Ocean
and Iceland in the west to the Ural Mountains
and the Caspian Sea in the east, and from the
Barents Sea in the north to the Medilerranean
and the Black Seas in the south (Figure T); there

characteristics and, perhaps, environmental
problems.

This report is one of the first to attempt an
all-European assessment of the environmental
state of inland surface waters. It aims at pro-
viding a general overview for use as a basis
tor implementing general measures to im-
prove the environmental state of rivers and
lakes, and to identify areas with environ-
mental problems.

Considerable environmental information
on rivers and lakes is currently collected and
reported by various regional or national au-
thorities. However, this information is very
heterogenous, and therefore difficult to collate
on a pan-European basis as a European report,
Nevertheless, a first attempt at doing so has
been made in this report, The primary focus
is on frequently measured water quality pa-
rameters (eg. organic matter in rivers, nutri-
ents in rivers and lakes, and acidification of
rivers and lakes) since the wide geographical
coverage makes these variables well-suited to
illustrate the general environmental state of
European inland surface waters. Some envi-
ronmental problems related to more rarely

Figure 1: are several million km of flowing waters and
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monitored parameters are also described, and
the state of and threats to European flora and
fauna in relation to inland surface waters are
illustrated by short descriptions of a number
of species,

This report concerning European rivers
and lakes has been prepared by the National
Environmental Research Institute (NERI) of
the Danish Ministry of Environment and
Energy. In 1992 NERI formally agreed to pre-
pare the inland surface water section of the
report "Europe’s Environment — The Dobtis
Assessment” (1994). The latter, which was pre-
pared by the European Environment Agency
Task Force (EEA-TF), was called for by the
European environmental ministers at a meet-
ing at Dobfis Castle in June 1991, NERI was
given financial assistance by the PHARE service
of the Commission of European Communities
(CEC) especially to collate environmental
information from eastern and central Euro-
pean countries. Questionnaires aboul inland
fresh surface waters jointly prepared by the
EEA-TF and NERI were forwarded to all
European countries; NERI has been respons-
ible for collating, evaluating, and reporting
the information. Parts of chapters 2 and 3 in
the present report are also incorporated in the
report “Europe’s Environment — The Dob#is
Assessment” (1994), while chapters 4, and 5are
extensions prepared only for the present report.

Sources of data and
information

The data and information in this report is
based on:
* questionnaires forwarded to national focal
points in each European country,
* wvarious national and regional state of the
environment reports, and
* a review of the scientific literature con-
cerning the environmental state of Euro-
pean rivers and lakes.
Four different questionnaires were used. Two
were designed to provide general information
about the rivers and lakes in each country,
while the other two were designed to provide
more specific information about 10-20 rivers
and lakes in each country. In addition, time-
series data for rivers was obtained from the
CEC (Council Decision (77/795/EEC) on Ex-
change of Surface Water Quality), the UNEP/
GEMS database in Burlington, Canada, and
from a supplementary questionnaire sent to
countries outside the EC. The questionnaires
were used as a tool to ensure that comparable
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information was obtained on the various en-
vironmental problems in the different coun-
tries. Many persons in many countries have
made a great effort to answer the question-
naires; they are greatfully acknowledged. The
Appendix lists the organizations and persons
who have contributed. A total of 28 countries,
especially central and eastern European, and
EFTA countries, were kind enough to answer
the questionnaires (Table 1). However, the
information supplied differed greatly; some
countries only provided sparse information
about a few water bodies, while others supplied
information from national surveys that in-
cluded 500-1000 rivers or lakes. When a re-
sponse to the questionnaires was lacking or
incomplete, national or regional environ-
mental reports were reviewed and analyzed
s0 as to ensure as wide a geographical cover-
age as possible.

Table 1:

Countries that have answered the river and lake
questionnaires. Questionnaire | is general, and
guestionnaire |l gives informations about specific
rivers and lakes. The number of rivers and lakes
for which information was provided is given,

{ I: only sparse information provided.

Ql aQn Q1 al
Albania + 5 = (3
Austria + 4 (4 -
Bulgaria + 10 ) 5
Croatia ¥ 26 - 4
Czech Republic + 15 - -
Denmark + 70 + 37
Estonia =iz + 3
Finland + 2 + 19
Fﬂﬂl{g + - - :
Georgia' + 14 + 6
Hungary + 4 - 3
iceland + 2 + 1
Latvia + 15 SRR
Lithuania + 15 =N >
Luxembourg £ S
Moldava + 7 + a
Netherlands + 3 + 7
Norway + 19 w12
Poland + 19 + 16
Romania + 26 - 18
Russian Federation + 16 = 4
Slovenia. ¥ 2 =
Spain + 3 # 7
Sweden + 21 + 9
Switzerland + 4 +: g
Turkey s #
Ukraine - 37 - &
United Kingdom ~ + - ¢ -
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Table 2:

Descriptive statistics for
annual mean physical
and chemical variables
in European rivers.

Major additional sources of information
were as follows: Austrin: Wasserwirtschaft-
kataster, 1992; the Belgion Flanders: Vlaamse
Milieumaatschappij, 1992; Estonia: Milius,
1991; Ireland: Flanagan & Larkin, 1992; taly:
Istituto di Ricerca sulle Acque, 1990 and
Gaggino etal. 1987; Northern Ireland: Gibson,
1986 and 1988; Norway: NIVA, 1990a,b; Portu-
qal (river Douro and tributaries): DGQA, 1991;
Spain: Direccion General de Obras Hidrauli-
cas del MOPU, 1989; the United Kingdom:
Institute of Hydrology & British Geological
Survey, 1990, and Department of the Environ-
ment (UK), 1992; the former West Germany:
Umweltbundesamt, 1992, Little or no infor-
mation was provided by Belarus, Bosnia-
Herzegovina, Greece, the Former Yugoslav
Republic Macedonia, the Slovak Republic, and
Serbia-Montencgro. The very small European
countries are only briefly considered.

In all, information has been collected from
800 river stations in more than 550 European
rivers, as well as from more than 1500 lakes.
Information was obtained about the largest
rivers in nearly all countries, this being sup-
plemented by data from numerous smaller
rivers for which land usage and human activ-
ity in the catchment area is known. Descrip-
tive statistics for frequently measured physi-
cal and chemical parameters in European
rivers are given in Table 2.

~ 600- 90%
“_g"m_ 5%
g 400 -
% 300 Med
200 1
A
8 1001 25%
ol i 1%
=15 1550 50-100 =100
{ao) (20) (a1 (18
Innabitants (km?)  (no. of rivers)
Figure 2:

An example on the use of box-cox diagram
showing the relationship between annual mean
total phosphorus concentration and population
density in river catchments.

Information provided about the general
environmental state of European lakes was
less extensive, only eighteen countries having
completed the general lake questionnaire; this
information was therefore supplemented
with data from national lake surveys, as well
as information from the scientific literature.
The various problems encountered in com-
paring data and information collected in
many different monitoring programmes and
by several hundred different local authorities
are discussed in Chapter 5.

The major sources of information concer-
ning the distribution of aguatic animals and
plants were as follows: plants: UNECE, 1992,
and United Nations, 1991; fisl: ITUCN, 1988,
and Hol¢ik et al. 1989; birds: Grimmett &
Jones, 1989, and Cramp & Simmonds, 1977;
mammals: Lavsund, 1987.

Presentation of results

The results on chemical concentrations in this
report are generally based on annual (rivers)
or summer (lakes) mean values from the
period 1988-91. Several results are presented
as summary statistics for a group of rivers or
lakes by means of frequency distributions
(pie-charts) and box-cox diagrams. The fre-
quency distribution for organic matter and
nutrients in rivers and lakes (maps with pie-
charts) are based on information supplied by
each country on the percentage of rivers or
lakes having organic matter or nutrient lev-
els within specified classes, for example the
percentage of rivers with annual mean phos-
phorus levels below 25 pg PP 1, between 25-
50 ug P17, 50-125 ug P 1, ete.



The box-cox diagrams that illustrate, for
instance, the relationship between the con-
centration of total phosphorus in rivers and
population density in river catchments (eg.
Figire 2) have been compiled by grouping the
rivers in population density classes, for exam-
ple 30 rivers with less than 15 inhabitants per
km® and 19 rivers with more than 100 inhab-
itants per km®. The median value (the middle
bar), the upper and lower quartiles (the up-
perand lower box), and the 10 and 90 per cent
percentiles (the upper and lower lines) have
been calculated for each class. In rivers with
a catchment population density exceeding 100
inhabitants per km’, 50 per cent of the rivers
have annual mean total phosphorus levels
above and below 300 ug P I, and 25 per cent
of the rivers have phosphorus levels below
100 pg P17

The European countries dealt with in this
report have been divided into four regions:
the nordic, the western, the eastern, and the
southern regions (Table 3},

Introduction, data, and information sources

Table 3:
Countries comprising the four regions widely used in this report,
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Characteristics of
European rivers, lakes,
and reservoirs

A river is a system comprising both the main
course and all the tributaries that feed into it,
the area that the river system drains being
known as the catchment. The main character-
istic of rivers is their continuous one-way flow
in response to gravity. In addition, because of
changes in physical conditions such as slope
and bedrock geology, nvers are dynamic and
may change nature several times during their
course (eg. from a fast flowing mountain
stream to a wide, deep, slowly flowing low-
land river).

When assessing river characteristics and
water quality it is important to bear in mind
that a river comprises not only the main
course, but also a vast number of tributaries.
Thus although the main course of Europe's
largest river, the Volga, is 3500 km long, it re-
ceives water from ten tributaries longer than
300 km, and more than 151 000 tributaries
longer than 10 km (Fortunatov, 1979).

Rivers are greatly influenced by the charac-
teristics of the catchment area (Figure 3). The

climatic conditions pertaining influence the
water flow, as does bedrock geology and soil
type. The latter also affects the mineral con-
tent of the river water. Human activity affects
river systems in numerous ways, for example
through afforestation or deforestation, urbani-
zation, agricultural development, land drain-
age, pollutant discharge, and flow regulation
(dams, channelization, etc.). The lakes, reser-
voirs, and wetlands in a river system attenu-
ate the natural fluctuation in discharge and
serve as settling tanks for material transported
by the rivers. For example, whereas the water
of the Riiine is very muddy and turbid when
entering the Bodensee, it is clear and trans-
parent when leaving. Water flow and water
quality are therefore the net result of the vari-
ous characteristics of the catchment.

Lakes are bodies of standing water that is
usually fresh, but which may also be brack-
ish. Although lakes may be characterized by
physical features of the lake basin, for exam-
ple lake area and water depth, the character-

Human achivities
-ciear cutting of lorest
agriculiure
paint sowce dacharge [Chmate
: flcaw feguiation temparatue
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catchment
relationships
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Figure 4:

European river
catchments exceeding
10 000 km*

Mumbers refer to Figure 5
and Tahla 4

istics of the catchment are important when
describing the lake environment. For exam-
ple, nutrient loading of a lake is determined
not only by the bedrock geology and soil type
in the catchment, but also by the human ac-
tivity.

Reservoirs are man-made lakes created to
serve one or more purposes. As their water
residence time is generally relatively short,
and as the water level fluctuates much more
widely and frequently than in natural lakes,
they can be regarded as hybrids between riv-
ers and lakes. As reservoirs are usually created
by flooding river valleys, they are typically
long and narrow with an irregular shoreline.

European rivers

Europe is a relatively small continent that
comprises only about 7 per cent of the total
continental area, European rivers dischargea
total of 3100 km* of fresh water to the sea each
year, this being about 8 per cent of total world
discharge. Because Europe has a temperate

humid climate and a high percentage of lime-
stone in the surface rock, the weathering rate
is the highest of all the continents; as a result,
12.6 per cent of all dissolved solids discharged
to the oceans are derived from Europe (Kempe
et al. 1991). That Europe is relatively densely
populated and has a high proportion of agri-
cultural areas also affects the concentration of
minerals in river water; thus the median ni-
trate level is 1.8 mg N I'" in European rivers as
compared with only 0.25mg N 1! in non-
European rivers (Meybeck et al. 1989).

Major European river catchments

In proportion to its land area, Europe has the
longest coastline of all continents. As it is a
relatively young and structured continent
from the geological point of view, river catch-
ments are numerous but relatively small and
rivers are short (Figure 4), About 70 European
rivers have a catchment area exceeding 10 (00
km?, and only rivers arising deep inside the
continent are relatively large. The three larg-
est rivers in Europe, the Volga, the Danube and
the Dnepr, drain one quarter of the continent,
but are only small by world standards, their
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catchments ranking 14th, 29th, and 48th,
respectively (Showers, 1989),

The 31 largest European rivers, all of which
have catchments exceeding 50 000 km?, drain
approximately two thirds of the continent
(Figure 5), More than half of these rivers have
their catchment area in the former Soviet Lin-
ton (Figures 4 & 5). The major rivers flowing
north into the Barents Sea and the White Sea
are the Severnyy Dvina and the Pechorn, The
Volga and the Ural which flow south and the
Kiira which flows east drain into the Caspian
Sea while the Dnepr and the Don drain south
into the Black Sea. The largest river to dis-
charge into the Black Sea is the Danube, which
has its catchments in 16 countries of central
Europe and the Balkans. The main rivers to
discharge into the Baltic Sea are the Neoa, the
Wista, the Oder, and the Neman. Ten rivers with
catchments larger than 50 000 km? drain into
the Atlantic and the North Sea with the Rhine,
the Elbe, the Loire and the Doure being the larg-
est. The European rivers that drain into the
Mediterranean are relatively small, the Rhdne,
the Ebro, and the Po being the largest. Never-
theless, since the damming of the Nile, the
Rhdrne has become the Mediterranean’s most
important freshwater source (Kempe et al.
1991), Four large European river catchments
are briefly described in Box 1.

Major rivers in European countries
Countries whose coastline is long in relation
to their area, for example Iceland, the United
Kingdom, Ireland, Norway, Sweden, Denmark,
Italy, and Greece, generally have a large
number of relatively small river catchments
and short rivers, the three to four largest of
which together drain only 15-35 per cent of
their area (Table 4). The population tends to
congregate in towns along the coastline and
waste water is consequently discharged di-
rectly into coastal areas rather than into the
river systems.

In countries without a coastline, for exam-
ple Switzerland, Austria, Hie Czech Republic, the
Slovak Republic, Hungary, Belarus, and Moldowa,
waste water is discharged solely into inland
fresh waters.

Many European countries are drained by
only a few river catchments; thus the Wisla
and Oder drain more than 95 per cent of Po-
land, and the Dannbe drains most of Hungary,
Romania, and Slovemia (Table 4). As countries
situated downstream of large transboundary
rivers are often dependent on these external
sources for most of their freshwater supply,
they are very dependent on the quality of the
river water. An example is The Netherlands,
which receives two thirds of its water supply
from the Rhine.
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River Country  Catchment Mean Length River Country  Catchment Mean Length
(Code refers area  discharge {Code refers area  discharge
to Tabie 4) 10 km?  km'yr'  km 1o Table 4) 10 km?  km’yr'  km
1. Volga RU 1360 230 3530 14 Loire FR 118 32 1010
2. Darube DEATSK.HUHR, 817 205 2850  15. Neman BY,LTRU,PL® 98 22 960
'SB,RO,BG,UA, 16. Douro ES,PT 98 20 790
CH*PLY T .C2%, 17. Rhéne CH.FR 96 54 810
SI*,BA* AL* MD* 18. Zapadnaya Dvina RU.BYMLT* 88 21 1020
3. Dnepr RU,BY,UA 558 53 2270 | 19. Garonne FR 85 2l 5
4. Don RU,UA" 422 38 1870 20, Ebro ES 84 17 910
5. Servernyy Dvina  RU 358 148 740 21, Tejo ES.PT 82 6 1010
6. Pechora RU 322 129 1810 22 Seine FR 79 16 780
7. Neva RU,FI*,BY* 281 73 75 23. Mezen' RU 78 % 970
8. Ural RU.Kazakhstan* 270 - 2540 24, Guadiana ES,PT 72 6  BOO
9. Wisla PL,SK*,UA* BY* 194 31 1050 25 Dnestr UAMD 72 10 1350
10. Kura GE,TK,AZAR®, 188 18 1360 26 Po ITCH* 69 46 670
iran® 27.Yuzhnyy Bug  UA 65 3 86O
11, Rhine CH,ATDEFRNL 185 69 2200 28 Kuban' RU 58 13 870
_ IT*, LU* BE* 29. Onega RU 57 18 420
12, Elbe CZ,DEAT*PL* 148 24 1140  30. Guadalguivic  ES 57 2 675
13. Oder CZPLDE 119 16 850 31 Kemipoki Fl 51 17 510
Figure 5:

European main rivers with catchment areas |arger than 50 000 km?,
*! the country is part of the catchment area but the main river does not run through it
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Table 4:

The major European rivers, their catchment area within the country and the percentage of the country area drained.
River numbers refer to Figures 4 & 5. Tributary to: #: Danube *: Rhine 0. Neva § Kura » Neman. -~ approximately
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Box 1; Large European river catchments,

VOLGA

The river Volga catchment is the largest in Europe, 1 lies
entirely within the Russian Federation, comprising about one
third of European Russia: The Volga is a lowland river with its
source lying at 228 m a.s.l. in the Valdayskaya Heights. The
main river and most of its tributaries flow from the north to
the south through several different geographical and
vegetational zopes, including taiga, hard- and softwood
forests, steppes, semi-anid, and arid zones. The major
tributaries are the Oka, the Befaya, the Watka, and the Kama,
each of which is longer than 1000 km and has a catchment
area exceeding 100 000 km?. As the Volga approaches the
Caspian Sea it divides into a delta comprised of about 275
channels covering about 12000 km* (Fortunatov, 1979),
Annual mean discharge is 230 km*,

Many of the rivers that comprise the Violga river system are
highly requlated, the main course itself being characterized by
having a large number of reservoirs and no parts remaining
with a natural regime unchanged by flow regulation. The
reservoirs on the main river and its tributaries cover an area of
more than 26 000 km? and have a storage capacity of about
90 km? (Pavlov & Vilenkin, 1989}, They are primarily used for
the generation of hydroslectric pdwer and for irrigation
purposes. The river system is also utilized for fishery and
navigation, and for recreational and domestic purposes. The
average population density in the catchment is 35 inhabitants
km, there being eight cities with more than 1 million
inhabitants, the largest of which are Moskva, Violgograd, and
Nisjnij-Novgorod.

DANUBE

The Danube catchment ts the second largest in Europe and
spreads through 17 countries. The river rises in Schwarawald
in southern Germany at 1050 m a.s.l. and runs east through
nine of the countries before emptying into the western part of
the Black Sea. Its major tributaries are the Inn, the March, the
Drava, the Tisza, the Sava, the Morava, the Siretul, and the
Prut, all of which are longer than 350 km and have
catchments exceeding 25 000 km?. Before discharging inta
the Black Sea the Danube divides into a delta with three main
channels. Annual mean discharge is 205 km’,

The rver system has always been of importance for
transportation, and many large cities lie within the catchment,
including Manchen, Wien, Bratislava, Budapest, Zagreb,
Beograd, Safiya, and Bucuresti. About 75 million people
inhabit the catchment, the mean population density being
about 90 inhabitants ke

The great energy potential of the river system s utilized by the
intensive urban and industrial developments that spread
through the catchment. Hence 48 dams transverse the main
river itself. Of the numerous industries located in the
catchment, those with the greatest impact an the rivers are
industries producing paper, pulp; iron, steel, chemical, oil
products, and sugar, The tributaries of the Danube are often
more polluted than the main course (tself,

WISLA

The Wisfa catchment is the ninth largest in Europe. The river
rises in the Beskidy Mountains in southern Poland at

1100 m a5, and flows north into the Baltic Sea. The
catchment lies-almost entirely within Paland where it drains 61
per cent of the country, smaller parts lie within the Slovak
Republic, Belarus, and the Ukraine. The major tributaries are
San, Wieprz, Bug, and Narew, all of which are longer than 300
km and have catchments exceeding 10 000 k. Annual mean
discharge is 31 km?.

In comparison with most other large European rivers the Wisla
is rather unigue in that only short reaches have been regulated
(Kajak, 1992}, It runs naturally over long stretches and water
flow is quite irregular. The central stretch is particularly
dynamic, with braided channels, permanent and temporary
islands, and rich valley vegetation. The verdant embankments,
wetlands, and swamps that are found along mast of its course
probably remove a significant part of the organic and nutrient
pollutants that are discharged into the river; as a consequence
they are of considerable importance.

The mean population density in the catchment is 125
inhabitants km™. The main cities are Warszawa, Krakow and
Lodz as much of Polish heavy industry is located in the upper
catchment, the river is polluted almost from its solrce.
Additional waste released at sites along the tributaries strongly
affects the entire river. The Wisla therefore accounts for a
significant proportion of the total riverine pollution of the Baltic
Sea (Kajak, 1952),

RHINE

The Rhine catchment s the 11th largest in Europe. The river
flows northwards through five countries while the catchment
area Is spread over eight. It rises in the Swiss Alps 2200 m as.|
and descends to 200 m before leaving Switzerland, During the
remaining 950 km it descends only 200 m. The major
tributaries are the Aare, the Meckar, the Main, and the Mosel,
all of which are longer than 300 km and have catchments
exceeding 10 000 km?. In the Netherlands the Rhine branches
into three main rivers before emptying into the North Sea.
Annual mean discharge is 70 km?.

The river flow is balanced by the Bodensee as well as by a
number of dams along the main rver and its tnbutaries, a
factor which has made the Rhine ane of the worlds most
navigated rivers, It has therefore played a vital rale in the
evolution of the densely populated and heavily industrialized
centers in its catchment. The mean population In the
catchment is 275 inhabitants knv?, The larger cities include
Zinch, Strasbourg, Frankfurt, Disseldorf, Koin, and
Amsterdam.

The Rhine catchment has become the most Important industrial
agglomeration in Europe. It accounts for 20 per cent of the
worlds chemical production, and boasts several steel industries,
coal mines, power stations, etc. (Lelek, 1989): Until recently
many of these industries discharged untreated waste water
directly to the river and its tributaries, thereby causing very
severe pollution,
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River flow

The pattern by which river flow varies dur-
ing the year, ie. the flow regime, is determined
by the seasonal variation in climate, as well as
the nature of the catchment ie. soil and bed-
rock permeability, land-management, etc.
Flow regimes have their origins in the precipi-
tation that falls over the catchment, in the form
of rain and snow. Only a part of the precipita-
tion runs off to the rivers since some of the
water evaporates. However, annual run-off
generally follows cumulative precipitation in
the catchment quite closely. Because climatic
and geological properties differ throughout
Europe, the flow regimes of European rivers
vary considerably. Precipitation is highest in
the west of Europe and lowest in the east,
while evaporation is highest in the south and
east. Annual run-off may exceed 3000 mm in
parts of Iceland, Norway, and the Alps, whereas
itis below 25 mm in parts of Spain and south-
ern parts of the Russian Federation. Similarly,
while more than 70 per cent of the precipita-
tion runs off to the rivers in the western and
mountainous parts of Europe, only 25-50 per
cent becomes run-off in the lowland parts of
central Europe, and less than 10-20 per cent
in the arid regions.

Seasonal differences within Europe are also
reflected by different flow regimes (Figure 61).
In the central parts of the Russian Federation
and in northern Europe the period of high
flow and river flooding occurs in the spring
and summer in connection with the thawing
of snow and ice while the low water period
occurs during late autumn and winter. An
example is Torne il in Sweden and Finland,
where 25 per cent of the river’s annual dis-
charge occurs during one summer month,
there being almost no flow during the winter
months. Similar flow regimes are seen in riv-
ers in more southerly mountainous areas, an
example being the Adige in [taly, which has a
typically “Alpine” flow regime, much like that
of northern rivers. In the temperate lowlands
in southern Europe the rivers are primarily
fed by rainfall and the high water period con-
sequently oceurs during late autumn or win-
ter. Thus the natural flow regime of the Tera
in Spain used to be characterized by high low
during the winter and spring, and very low
flow during the summer (this has now been
modified by human activity, as described
below). Rain-fed rivers generally have a less
regular flow regime, and discharge in small
rivers may be rapidly changed by local rain
storms. Many rivers on the European main-
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Percentual flow regime of Torne alv', Adige’, Elbe’,
and Tera® rivers.

(Revisad from. "Petersen et al. 1992 ‘Duzzin et al.
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land have a much less fluctuating How regime,
although flow is generally highest during the
winter half-vear, and lowest during the sum-
mer half-yvear. An example is the Elbe.

When extensive swamps, forests, and lakes
are present in a river catchment they attenuate
the natural fluctuation in discharge by stor-
ing the water and releasing it slowly. Human
activity may also affect river flow regimes,
either by attenuating the fluctuations of the
natural flow regime, for example by damming
(Figure 71, or by further enhancing the Auctua-
tions, for example by water abstraction for
irrigation purposes during dry periods.
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Figure 7:

Percentual flow regime of the Tera river in Spain,
before (1958-69) and after (1969-79) the building
of the Cernadilla reservorr,

(Revised from Casado et al. 1989)

Itis important that the river flow regime is
taken into account when assessing the capa-

city of a river to tolerate a pollutant because
the damage caused largely depends on its final
concentration, and therefore on the amount of
water in which it is diluted. Consequently it
is important that a pollutant which is normal-
ly sufficiently diluted when flow is normal,
does not exceed critical concentrations during
periods of low flow,

The amount of water in a river is important
for the organisms that live in it, rivers with a
constant flow regime generally possessing a
more diverse flora and fauna than rivers with
widely fluctuating flow regimes.

European lakes and
reservoirs

Many natural European lakes appeared 10-
15 000 years ago, being formed or reshaped by
the last glaciation period, the Weichsel. The ice
sheet covered all of northern Europe, but in
central and southern Europe it was restricted
to the mountain ranges. As a rule the regions
that have many natural lakes are those that
were affected by the Weichsel ice. Noray,
Sweden, Finland, and the Karelo-Kola part of
the Russian Federation have numerous lakes
that account for approximately 5-10 per cent
of the surface area. Large numbers of lakes
were also created in the other countries
around the Baltic Sea, as well as in leeland, [re-
land, and the northern and western parts of the
United Kingdom. In central Europe most natu-
ral lakes lie in mountain regions, those at high
altitudes being relatively small and those in
the valleys being the largest, for example Lac
Léman, Bodensee, and Lago di Gardn in the Alps
and Prespansko Jezero and Olridsko Jezero in the
Dinarian Alps. An exception is the two large
lakes, Lake Balaton and Neusiedler See, that lie
on the Hungarian Plain.

In contrast to glaciation, processes such as
tectonic and volcanic activity have only
played a minor role in the formation of Euro-
pean lakes. Numerous lakes have been cre-
ated by natural damming of rivers and coastal
areas, however,

Countries that were little affected by the
glaciation period have few natural lakes, for
example Portugal, Spain, France, Belgium, south-
erit England, central Germany, the Czech Repul-
lic, the Slovak Republic, and the central Euro-
pean part of the Russian Federation. In these
areas man-made lakes such as reservoirs and
ponds are often more frequent than natural
lakes. Many river valleys have been dammed
to create reservoirs, and a large number have
been built in mountain ranges for use by the
hydroelectric industry. In several countries,
for example The Netherlands, Gernany, Friance,
and the former Czechoslovakia, numerous
small artificial lakes have been created by
other human activities such as peat and sand
quarrying, and for use as fish ponds,

Lakes in Europe

There are more than 500 000 natural lakes
larger than 0.01 km? (1 ha) in Europe; of these
about 80-90 per cent are small with a surface
area between 0,01 and 0.1 kn’, and only about
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16 000 have a surface area exceeding 1 km®
{Table 5). Three quarters of the lakes are lo-
cated in Norway, Sweden, Finland, and the
Karelo-Kola part of the Russian Federation.

The approximate number and size distri-
bution of lakes is shown for each country in
Table 6; however, the number of small lakes is
somewhat uncertain, the figures as a rule
being minimum estimates.

Man-made lakes

Reservoirs are the most important man-made
lakes in Europe, there being maore than 10 000
major reservoirs covering a total surface area
of more than 100 000 km?. The number of rela-
tively large reservoirs is greatest in the Russian
Federation (ca. 1250, Spain (ca. 1000), Nortway
(ca. 810), and the United Kingdom (ca. 570).
Other countries with a large number of reser-
voirs are Hungary (ca. 300), Italy (ca. 2700,
France (ca. 240), and Sweden (ca. 225). Many
European countries have numerous smaller
man-made lakes, for example Latvia, Bulgaria,
and Estonia which have about 800, 494 and 60,
respectively.

Large lakes and reservoirs in Europe
There are 24 natural lakes in Europe that have
a surface area larger than 400 km?, the largest
being Lake Ladoge which covers an area of
17 670 km* (Figure 8), The latter is located in
the north-western part of the Russian Federation
together with Lake Onega, the second largest
lake in Europe. Both are considerably larger
than other European lakes and reservoirs, but
nevertheless rank only 18th and 22nd in world
order (Herdendorf, 1982). The third largest
European freshwater body is the 6450 km’
Kuybyshevskoye reservoir on the Volga.

Another 19 natural lakes larger than 400
km?® are found in Sweden, Finland, Estonia, and
the north-western part of the Russian Federa-
tion, and three in central Europe - Lake Balaton,
Lac Léman, and Bodensee (Figure 8).

The six largest reservoirs (Figure §) are lo-
cated in the Volga river system in the Russian
Federation, the two largest being the 6450 km?
Kuybyshevskoye and the 4450 km® Rybinskoye
reservoirs, Of the thirteen European reservoirs
with an area exceeding 1000 km®, only the
Dutch reservoir [[sselmeer lies outside the Rus-
sian Federation and the Likraine,

Table 5:

Estimated number of natural lakes in different surface area classes
Norway, Sweden, Finland,

Surface area (km?)

= 400
= 100
=10
=1
=01
=>0.01

Table &:

Total in Europe

24
150

16 000
100 000

500 000-700 000

and Karelo-Kola part

of the Russian Federation”

Number of lakes in different European countries
Surface area (km?)

Country

Albania’
Austria’
Bulgaria'
Croatia'
Denmark’
England & Wales!
Estonia’
Finland'
France?
Georgia'
Germany’
Greece?
Hungary'#
lceland’

- Information lacking.

—Some 100s—
53 175

- 1

354 256
———1665 —
750 209
400309 13114
- 128

799 58

- 7000 1650
= > 168
2164 740

> 3300 48
—208 000 —
6050 2627

—471000—

59500 19374
— 1300 —

F———950———|

200 —i

21

125

1500
12500
75 000

> 450 000

" 1-10 10-100 >100
- =3 3
19 7 2
288 14 0
3 D 0
74 [ 0
50 2 0
41 1 3
2283 279 a7
23— 1
21 14 0
=100 =20 2
- >16 ol
- 2 2
176 17 0
- 100 14 3
> 82 13 5
122 20 0
30 b o
- 47 3
2000 450 7
545 d2 i
4626 412 51
- ——800—
3990 358 22
10! 15 a
=>4 2
=10 15 4

mmmwmammuhmmwmwkm
Slovak Republic, Luxembourg, and Portugal. There are no informations
from Belarus, Romania, and Lithuania.
Information cbtained from: 'Questionnaires ; ‘Ministers dé Ja Culture et de
I'Environnement, 1975 ; *Estimated by NERI, Bird, 1984; *Gaggino et al. 1987 ;

"Dill, 1990,
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Figure 8:
Large European lakes and reservoirs, (Resernvoir numbers underlined).
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Depths of lakes and reservoirs

Lake water depth is an important parameter
with which to characterize the lake environ-
ment. It is largely determined by the sur-
rounding topography, lakes in mountainous
regions generally being deeper than in low-
land areas. In two lowland countries, Finland
and Poland, the majority of lakes have a mean
depth between 3-10 m (Figure 9), lakes with a
mean depth greater than 10 m rarely being
found. In Austria and Switzerland, in contrast,
large shallow lakes are virtually absent, and
most lakes have a mean depth greater than
25 m. As with natural lakes, the deepest res-
ervoirsare located in mountainous regions of
countries such as Norway, Spain, France, Scol-
land, and Greece. Examples are the 190 m deep
Spanish reservoir Almendra, the 132 m deep
Greek reservoir Kremasta, and the 125 m deep
Norwegian reservoir Blisje (maximum depths).
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Figure 9:

Frequency distribution of mean depth in lakes
larger than 1 km® (Poland > 0.5 km?)
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Ecology of rivers
and lakes

The physical characteristics of a river, eg. cur-
rent, gradient, temperature, continuously
change as the river progresses from its source
to its mouth. Thus a river typically begins as
a small, cold, fast flowing and turbulent
stream with a bed of large stones or pebbles,
but slowly grows in size and depth as tribu-
taries merge into it downstream; the gradient
and current decrease, and the river bed be-
comes sandy and silty. The chemical charac-
teristics of river water also vary considerably
from reach to reach, reflecting both local and
upstream conditions. Thus as a river system
is a continuum of habitats that vary according
to local physical and chemical conditions, it
is able to support an impressive array of bi-
ological communities along its entire length.

The current is the physical characteristic of
rivers that mostly influences biological com-
munities. The variable rate at which bottom
material is sorted as the river progresses from
the rapidly flowing upstream reaches to the
slow-moving, often lake-like downstream
river courses produces a great variety of sub-
strates for the colonization and development
of biological communities. In the fast flowing
reaches evervthing that is not attached or shel-
tered is swept away by the current, this apply-
ing to both organisms and sediment particles.
The greater the current, the larger the amount
and size of particles that can be carried by the
flowing water. The only plants present are
sessile algae attached to exposed stone sur-
faces, rooted plants being absent because of
the fast flow and the lack of a fine sediment
in which to grow. To avoid being swept away
the benthic invertebrates present usually live
on or in the shelter of the stones and are struc-
turally adapted to the fast current. The fish are
also dependent on the shelter provided by
stones or the bank. In slowly flowing rivers,
in contrast, rooted plants are abundant in

unshaded areas and the fauna is dominated
by animals associated with the vegetation or
living in the sediment. In the larger rivers
phytoplankton may play an important role as
primary producers.

In addition to internal primary production,
an important source of energy in river eco-
systems is externally supplied organic matter.
Whereas in small streams most of the organic
input is derived from the terrestrial environ-
ment, reduced bank shading in the mid-sized
rivers makes internal primary production the
dominant source of organic matter. In large
rivers most of the organic input is derived
from upstream reaches and tributaries, as well
as from the periodic flooding of adjacent
floodplains.

Standing water is the most distinctive char-
acteristic of lakes, and their size and depth
significantly influences their ecology. The
water in shallow lakes is usually well mixed
all the year round whereas lakes deeper than
5-10 m are usually thermally stratified in the
summier, with a well mixed surface layver and
a separate, more stagnant bottom layer.

Lakes have a number of typical biological
communities, each of which depends on pri-
mary production of organic matter by phyto-
plankton and higher plants. Primary produc-
tion in undisturbed lakes is generally limited
by the availability of nutrients and of light.
Thus the dominant primary producers are
rooted plants in lakes with water so shallow,
that the light can penetrate to the lake bottom,
but free-floating phytoplankton in lakes with
deeper water. The phytoplankton are eaten by
the zooplankton which in turn are eaten by
larger zooplankton and fish, Phytoplankton
that settle to the lake bottom are consumed by
benthic invertebrates or decomposed by
bacteria.

Lake water nutrient levels are extremely
dependent on external nutrient loading, and
thus on the characteristics of the lake catch-
ment. The nutrient levels generally determine
the magnitude of a lake's primary production,
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and to some extent the relative importance of
the various biological communities. Because
lakes with high nutrient levels tend to be
dominated by phytoplankton, light cannot
penetrate to the lake bottom and the rooted
plants therefore partially or totally disappear.

Flood plains and wetlands alongside rivers
and lakes are highly productive ecosystems;
they provide important feeding and breeding
areas for insects, fish, and birds, and serve as
nutrient sinks that reduce nutrient and orga-
nic matter pollution of the aquatic environ-
ment, Wetlands also have a considerable
water retention capacity, and therefore play an
important role in the regulation and mainte-
nance of river flow. In drained wetlands, how-
ever, the natural vegetation is superseded by
dry land vegetation and erosion increases,
with very serious consequences for the fauna.
Although many flood plains were originally
forested, at least along the channels, cultiva-
tion and urbanization of these rich and fertile
areas have resulted in the forest being cleared.

Environmental
problems in rivers
and lakes

A wide range of human activities may lead to
environmental deterioration of inland surface
waters, either directly or indirectly (Box 2).
While the use of inland surface waters for
waste disposal has an obvious effect, land use
in the catchment area may have an indirect
effect on the hydrological cycle (eg. through
land drainage and irrigation) or on the water
quality (eg. through the runoff of fertilizers
and pesticides). Although most environmen-
tal problems have evolved gradually with the
environmental impact slowly becoming more
and more apparent and measurable, severe
damage has often occurred before the magni-
tude of an environmental problem is recog-
nized and the necessary control measures
implemented.

Box 2.
Major anthropogenic activities affecting river
systems (Boon, 1992)

Supra-catchment effects
Acid deposition
Inter-basin transfers

Catchment land-use change
Afforestation and deforestation
Urbanization

Agricultural development

Land dralnagefflood protection

Corridor engineering
Removal of riparian vegetation
Flow regulation - dams, channelization, etc

Dredging and mining

Instream impacts

Organic and inorganic pollution
Thermal pollution

Abstraction

Navigation

Explontation of native species
Introduction of alien species

Water pollution and wasteful use of fresh-
water threaten socio-economic development
and affect the ecological quality of the water
bodies. Water quality is the term which ex-
presses the suitability of water to sustain both
various human and ecological uses. Any par-
ticular use has specific requirements for as to



water quality. High concentration of organic
matter and consequently low oxvgen levels,
for example, limit the existence of aquatic ani-
mals, and toxic substances restrict the use of
water for drinking. Water quality is therefore
defined by the range of variables which lim-
its water use. An optimal water quality can be
defined as the quality which enables native
species to occur in stable, well balanced popu-
lations, and which does not limit and affect the
value of water as a resource.

Pollution

As all water bodies have some regenerative
capacity, they are usually able to absorb a cer-
tain amount of pollution without long lasting
untoward consequences. However, the effects
of pollutants discharged into inland surface
waters are wide ranging; some can be toxic to
humans and to the aquatic biota when exceed-
ing critical concentrations, while others may
impair the environmental conditions for cer-
tain species, for instance by interfering with
reproductive capacity of a species and thereby
rendering it unable to compete with other
species. The effects of other pollutants are of-
ten more indirect; for example, nutrient dis-
charge into a lake will lead to increased
phytoplankton production and turbid water,
thereby changing the ecological structure and
rendering the water unsuitable for drinking
or bathing; similarly, severe organic matter
pollution of rivers may lead to oxygen deple-
tion and high ammonium levels - conditions
which are unfavourable for benthic inverte-
brates and fish.

The environmental effect of a pollutant de-
pends mainly on its concentration or the total
loading, but also on numerous other factors,
For example, resistance to pollutants gener-
ally rises with age, eggs being more suscepti-
ble to some pollutants than newly hatched
larvae. The amount and concentration of a
poliutant present in a water body depends on
a number of factors, including:

~ The intensity and nature of the source. While
pollutants derived from sewage treatment
plants are discharged evenly throughout the
year, loading by other pollutants may be more
seasonal, eg. pesticides from the spraying of
agricultural land in the spring and summer.

— The size and renewal time of the water body.
The amount of water into which the pollut-
ant is discharged and hence diluted deter-
mines its concentration. If an identical amount
of a pollutant is discharged intoa large and a
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small river, the effects will generally be most
harmful in the small river, Another aspect to
be considered is that river flow changes dur-
ing the year; thus as the dilution of a pollu-
tant is minimal when water flow is low, it will
have a more serious negative impact than
when water flow is high.

Sources of pollution
discharge into rivers
and lakes

Although humans have probably always used
rivers and lakes for waste disposal purposes,
most environmental problems have arisen in
the last centuries, the discharge of many pol-
lutants being directly related to population
density and to the development of sewerage
systems. The European population increased
rapidly during the 19th century, and more
gradually during the 20th century, eg. from
691 million in 1970 to 777.5 million in 1989
("Europe’s Environment — The Dobri As-
sessment” (1994)), The urban population has
also increased and at present 70 per cent of the
European population lives in cities. This,
together with the economic growth and the
construction of sewerage systems, has re-
sulted in a sharp rise in the production and
discharge of waste water into inland surface
waters. The main sources and the current
trends in pollutant discharge to European
surface waters are briefly summarized below.

Organic matter in domestic and
industrial waste water

Organic matter discharged into rivers and
lakes in the form of domestic waste water and
industrial effluent, especially from the food
processing and paper industries, is a major
source of pollution. The population increase
and rapid economic growth have resulted in
an increase in this discharge, Measures to
counteract the increase have recently been
implemented in many European countries,
mainly by the construction of biological sew-
age treatment plants able to reduce the
amount of organic matter by 90 per cent or
more. Thus in many nordic and western Euro-
pean countries more than 60 per cent of the
population is served by efficient waste water
treatment plants. However, in some Medi-
terranean and most eastern European coun-
tries, only a minor part of the population is
served by sewage plants able to effectively
remove organic matter.
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Phosphorus

Phosphorus causes eutrophication problems
in many lakes and reservoirs. Global pro-
duction and use of phosphorus have sharply
increased since the end of World War 11, Euro-
pean countries using about 50 per cent of the
total world production (Kaarstad, 1989). Most
of the phosphorus is used in fertilizers, but
some is also used in detergents and other

industrial products. In densely populated
areas most of the phosphorus ltk‘ldlllg of fresh
water is derived from human waste products,
phosphorus production being 1-1.5 kg P indi-
vidual yr' in industrialized countries (Jones
et al. 1979). The extent to which this is dischar-
ged into rivers and lakes depends on the sew-
age treatment facilities available; mechanical
sewage treatment plants are only able to re-
move a minor part of the phosphorus from
waste water, whereas plants with biclogical
treatment and chemical precipitation of phos-
phorus may remove more than 95 per cent.
Waste water treatment plants incorporating
phosphorus removal have been constructed in
Europe during the last fifteen vears, especial-
Iy in the nordic and western European coun-
tries. Similary, many countries have lowered
the Phi'ﬁphﬂm‘\- content of detergents, there-
by lowering phosphorus loading of inland
surface waters, However, at present the
majority of European waste water treatment
plants have only limited ability to remove
phosphorus.

Industrial effluents

During the last centuries there has been a
sharp increase in European industrial pro-
duction and consequently in the amount of
industrial waste water. The pollutant compo-
sition of industrial waste water depends on

the products being produced, and therefore
varies hil'l.f:“]‘-' Grow |-1'Ih awareness of environ-

mental problems has led to improved indus-

trial waste water treatment especially in west-
ern European countries, and the use of some
highly toxic pollutants (eg. PCB's) has either

been restricted or their dw.h.lra,u reduced sig-

nificantly through improved waste water

treatment. However, many highly polluting
industries still remain, pa rticula rly in eastern
Europe where investment in waste water
treatment facilities is badly needed.

Mining

European mining production of coal and lig-
nite, metals, and salts increased sharply dur-
ing the 19th and 20th century; for example,
zine production quadrupled between 1950
and the end of the 1970s, and that of cadmi-
um increased six-fold in the same period. Such
mining activities often lead to environmental
problems in downstream rivers and lakes as
a result of the usage of large quantities of
water and the discharge of waste products.
De-watering of deep coal mines may resultin
the production of large amounts of saline
water, an example being Poland wh