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Preface
This report deals with the practical management and restoration of lakes and other
watersheds in the Lakepromo-countries, which are Finland, Denmark, Estonia, the United Kingdom, Germany, Hungary, Spain and Russia. Each partner country has chosen at
least one pilot area (a lake or larger lake area, wetland or coastal area) the planning of
which was supervised and supported by the group during the project implementation.
The aim was to identify good water management practices and to exchange knowhow
between different regions in Europe.
This manual provides an overview about the Lakepromo pilot areas, the main activities
undertaken and good practices identified during this project. The more comprehensive
pilot area reports which contain more detailed background data and descriptions on
separate measures are freely available on Lakepromo internet pages (http://
lakepromo.savonia-amk.fi ) in pdf-form. These pilot areas had quite different
characteristics, but the common problems were excessive nutrient loads and the
consequenses of eutrophication (algal blooms, oxygen depletion, reduced recreational
value, a decline in the transparency of water etc.). Special attention was paid to collaborative
planning and public participation.
The Lakepromo-project has previously published country-specific information-packages
(both in English and native languages) on water management and restoration processes.
These information-packages are summarized in "Lake Management and Restoration Processes
- Joint Summary Manual" (available in English and German). There is material on wastewater
treatment on rural areas, the findings from this sub-project are reviewed in "Lakepromo
Summary: Rural Wastewater Treatment in Finland, the United Kingdom and Hungary".
All these publications are freely available (in pdf-form) on the internet-pages http://
lakepromo.savonia-amk.fi. A list of all earlier Lakepromo-publications is given in the
Publications-part of this manual.
"Lakepromo - Tools for Water Management and Restoration Processes (2004 -2007)" is an
interregional project which is partly financed by the European Union, Interreg IIICprogramme. Lakepromo aims to promote and assist in the management and restoration
of lakes and related waterbodies by sharing and exchanging experience and knowhow
between different regions and cases. One of the main objectives is to increase public
awareness and participation of local people in water management processes. In all respects,
Lakepromo contributes to the objectives of the European Water Framework Directive:
a good ecological and chemical state of all surface waters in Europe.
The Municipal Federation of Savonia University of Applied Sciences (Savonia University of Applied Sciences, Engineering), Finland, is the coordinator and lead partner of this
Lakepromo-project. Other partners who all participated in this information-package
work are:
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• Finnish Environment Institute, Finland
• The City of Kuopio, Finland
• North Savo Regional Environment Institute, Finland
• Environmental Centre Aalborg, Denmark
• University of Brighton, United Kingdom
• Municipality of Roquetas de Mar, Spain
• Estonian University of Life Sciences, Estonia
• Brandenburg University of Technology, Germany
• University of Debrecen, Centre for Environmental Management and Economics,
• Hungary
• Northern Water Problems Institute of Karelian Research Center of RAS, Russia
• Federal Environmental Agency, Germany
Special thanks belong to all these Lakepromo-partners and to all who have taken part in
the work behind this manual!
16th November 2007, in Kuopio
Arja Ruokojärvi
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1 Introduction
The Water Framework Directive (WFD) which took effect in 2000, sets clear and uniform
environmental objectives for water management in the EU member states. The goal is
that all the European surface waters shall achieve a good ecological status or good
ecological potential by the year 2015. This is quite a challenge, because it is estimated that
up to 20 % of the surface waters in Europe are at a risk of becoming damaged.
Eutrophication, which is defined as enrichment of water by nutrient salts (especially
nitrogen and phosphorus componds) and acceleration of the growth in biomass, is one
of the main threats to the water ecosystems and to biodiversity.
During the recent decades, there have been major advantages in the control of point
pollution in most European countries. Concentrations of phosphorus and nitrogen in
European lakes and rivers have decreased to some extent, which reflects the general
improvement in wastewater treatment technologies occurring since the 1990s (Figure 1).
However, this decrease has not been sufficient to prevent eutrophication processes. The
decrease in diffuse loadings from agriculture, forestry, sparsely populated areas etc. has
not been adequate. Moreover, the internal nutrient load (the portion of nutrient load
coming from the water body itself, via the return of nutrients from sediments and
organisms into circulation) may preserve an unfavorable status in the lake long time after
the removal of the external nutrient load.

Figure 1. Trends in nitrate and phosphorus concentrations in European groundwaters,
rivers and lakes between 1992/1993 and 2002. (Data source: EEA: Waterbase (Version
4) - Nutrients in freshwater (CSI 020) - Assessment published Nov 2005; http://
themes.eea.europa.eu/IMS/ISpecs/ISpecification20041007131957/
IAssessment1116497150363/view_content/, October 2007)
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The European Environment Agency has collected data from phosphorus and nitrogen
concentrations in surface waters in different European countries. According to this data,
the concentrations of phosphorus in lakes and rivers generally reflect the relative importance
and intensity of the driving forces (such as low population density) coupled with effective
measures to reduce nutrient emissions (such as the effective removal of phosphorus at
sewage plants in the Nordic countries) (Figure 2).

Figure 2. The concentrations of total phosphorus in lakes in European countries in
2002. (Data source: . (Data source: EEA: Waterbase (Version 4) - Nutrients in freshwater
(CSI 020) - Assessment published Nov 2005; http://themes.eea.europa.eu/IMS/ISpecs/
ISpecification20041007131957/IAssessment1116497150363/view_content/, October
2007)

The role of nitrogen, which is an important factor especially in agricultural areas, is not
yet as clearly defined as the role of phosphorus in eutrophication processes. Countries
with the highest population densities and most intensive production (e.g. Denmark,
Germany, and the UK), have higher nitrate concentrations in lakes than those with lower
population densities (e.g. Estonia, Norway, Finland) (Figure 3).
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Figure 3. The concentrations of nitrate in lakes in European countries in 2002. (Data
source: EEA: Waterbase (Version 4) - Nutrients in freshwater (CSI 020) - Assessment
published Nov 2005; http://themes.eea.europa.eu/IMS/ISpecs/ISpecification
20041007131957/IAssessment1116497150363/view_content/, October 2007)

Water body management includes actions taken to maintain the good condition of a lake
as well as the restoration measures to be implemented. Lake restoration is defined as the
act or process of helping the lake back to its previous condition (Figure 4). Lake restoration
includes measures done in the lake as well as the measures undertaken in the catchment
area. General procedures for restoration and implementation as well as common measures
in Lakepromo-countries have been published earlier in country-specific informationpackages which are summarized in "Lake Management and Restoration in Lakepromocountries - Joint Summary Manual" (Ruokojärvi, A. 2006).

Figure 4. Relationship between lake management and restoration (adaptation
Sammalkorpi & Horppila 2005).
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The successful water management and restoration utilizes good practices in measures
and strategies to guarantee the best and sustainable results and the seamless cooperation
between several stakeholders and organizations to achieve these goals. The implementation
of the WFD relies on participation of all players concerned and thus provides an
unprecedented chance for building new partnerships to ensure coherent and effective
implementation.
The Lakepromo operation sought out the best practices and techniques to restore and
manage eutrophicated surface waters. One important part of this work was to activate
and motivate local people to participate in water management issues and to encourage
collaborative planning together with other partners. Experiences and knowhow were
exchanged in several meetings, seminars, workshops and excursions to the target areas
(Figure 5). Country-specific information-packages and Joint Summary Manual have been
important "dictionaries" in developing a common language in the field of water
management. Identified and recognized best practices and experiences from partner
countries were taken into account when planning actions in these pilot areas.

Figure 5. Lakepromo-partners on the excursion to the Hornillo Lagoon, Spain in 2006.
Photo: Arja Ruokojärvi
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2 Pilot area reports
In 2004, 11 specific pilot areas for planning processes were chosen from the eight
Lakepromo-countries. In the following chapters each pilot area is introduced shortly as
well as the main measures undertaken.

2.1 Lake Petonen, Finland
Eila Pulkkinen, The City of Kuopio

Introduction and objectives
The City of Kuopio is situated in the so-called lake district of Finland. In Kuopio,
different kinds of water bodies cover one third (about 600 km2) of the area. Large
basins, e.g. Lake Kallavesi, make up about 90 % of the water area. In addition to the
large lakes, there are many smaller lakes in the city, which are very important both to the
city landscape and for the recreational use of the inhabitants.
Many of the urban small lakes have been naturally eutrophic because of the nutrient rich
bedrock and soil. Human activities in the catchment areas have speeded up the
eutrophication process. At the moment most of the nutrients are traceable to the internal
load from the sediment.
Algal blooms (Figure 1), fish kills and other problems have been quite common in these
small lakes since the 1970's and 1980's. The initial management and restoration projects
were carried out in the mid-1980's. During the past twenty years, several restoration
measures (aeration, chemical precipitation of phosphorus, biomanipulation) have been
carried out in order to improve the water quality of these lakes, but in spite of these
efforts, there still are problems with water quality. General public concern about the
poor condition of the small urban lakes has grown especially during recent years. Special
attention has been paid to the impacts of storm waters.
The main objective of water management and restoration of Lake Petonen is to improve
the water quality and to prevent algal blooms. The second aim i.e. improving the
recreational use, can be achieved only when the water quality is better. The inhabitants
have expressed the desire to have a new swimming place on the shore. Some stockings
of fish has also been planned.
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Figure 1. Blue-green algae in Lake Petonen in autumn 2005.

Figure 2. Lake Petonen is situated in the middle of residential areas and it has a great
scenic value.
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Background data
Lake Petonen is situated in a neighbourhood most of which has been constructed in the
last 15 years. The surface area of Lake Petonen is 20,1 ha and the mean depth 4,9 m. The
drainage area (2,16 km2) consists of forests and other recreation areas (44 %), settlements
(26 %), roads and other traffic areas (21 %) and lakes (9 %). The topography of the
drainage area is varied. The lake itself is in a hollow surrounded by hills on almost all
sides (Figure 2). Since the mixing effect of wind is only minor, there is a clear tendency to
summer stratification.
Lake Petonen is a dimictic lake with two mixing periods and rather stable winter and
summer stratification. Lake Petonen's water quality has been followed for 30 years. At
the beginning of the 1970's the water quality was poor and the nutrient level high because
of the untreated sewage coming from the houses. The sewage system was built at the
end of the 1970's and the water quality began to improve. New neighbourhoods in the
drainage area were built in the middle of the 1980's. One sewage pumping station which
experienced occasional overflows and several outlets of storm waters were built on the
shore of the lake. The water quality deterionated and at the end of the 1990's and in the
beginning of the 2000's there were severe blooms of blue-green algae. The oxygen
concentrations of the hypolimnion have been very low and conversely phosphorus
concentrations were high during stratification periods. At the moment, Lake Petonen can
be classified as a eutrophic and at times an extremely eutrophic water system (Figure 3).

Figure 3. The greatest loading factor in Lake Petonen are nutrients discharged from the
bottom sediment as a result of the internal load. The internal load of phosphorus is 5.6
mg/m2/d which is about four-fold higher than the internal load of an oligotrophic lake
used as a reference. Internal load accounts for about 90 % of the overall phosphorus
load of Lake Petonen.
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The current external phosphorus load to Lake Petonen is 47.95 kg per year, which does
not exceed the critical limit according to the Vollenweider tolerance limit model of the
external load. However, the current load is twice as much as the lower critical limit of the
model.
Kuopio belongs to the core area of herb-rich vegetation in North Savo, where the
bedrock and soil are very rich in nutrients. The macrophyte, moss and algae composition
has changed considerably since 1935, when the first survey was made, with the most
notable change occurring in the last ten years. Many submerged species have become less
common or even disappeared totally. Lake Petonen has been included in the Natura
2000 -network as a naturally eutrophic alkaline lake which has a valuable plant composition
(Figure 4). At the moment many species listed in Natura 2000 -documents (e.g. Nitella
sp., Fontinalis hypnoides, Myriophyllum verticillatum) have either disappeared or have
become less common.

Figure 4. A sedge species (Carex pseudocyperys) growing on the shore of Lake Petonen
is one of the species threatened in Kuopio region.
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Management measures
Biomanipulation by fishing was tried in 1999 and in 2000 but it failed because there was
the appearance of masses of blue-green algae. Some fishing experiments were carried
out also in 2004. Oxygenation was started in summer 2000 with a device (type Mixox)
circulating the oxygenated epilimnion water to the hypolimnion. In autumn 2000 another
type of oxygenation device (type Neutrox) was installed, which adds air to the water
mass. This aerator breaks stratification and cannot be used in the summer time. In two
winters 2001-2002 the water mass was nearly anaerobic in spite of the aeration efforts.
A new type (type Visiox) of aerator has been running in the lake since spring 2003
(Figure 5). In summer 2005, the aerator was put out of use because of the studies
carried out in the lake which has resulted in blooms of blue-green algae.

Figure 5. Visiox-aerator in Lake Petonen.

Since the current nutrient load in Lake Petonen originates mainly from the internal load,
the restoration actions need to be aimed at reducing this source. The release of nutrients
can be reduced by the following measures:
• aeration of the hypolimnion
• mass removal of fish stock
• chemical precipitation of phosphorus
On the basis of the sediment survey, good results can be achieved by aerating or
oxygenating methods, because the ratio Fe/P of the surface sediment is high. If chemicals
are to be used, their actions should be directed also to the sediment in addition to water.
Although the external phosphorus load remains below the critical limit of the Vollenweider
model, it cannot be neglected. The load caused by storm waters has to be taken into
account in all activities in the catchment area.
If there is to be any improvement in the fish stocks and possibilities for recreational use,
then this will entail improvements of the water quality, i.e. prevention of algal blooms.
Improvement of recreational use may include cutting down the water plants, especially
yellow water lily, in some areas.

18

Manual of Practical Tools

Implementation of the measures recommended in the management plan has been started
in 2006. A new aerator (type Visiox) was installed in Lake Petonen in January 2006. A
Mass removal of small cyprinids was carried out in September 2006.

Discussion
In most lakes the biggest problems are caused by eutrophication. At the beginning of the
planning process, it was assumed that stormwaters would have a major effect on the
water quality of the small lakes. This assumption turned out out be wrong. According to
the estimates and measurements made in three lakes it was found that the internal load
accounts for about 90 % of phosphorus loading in most cases. Which is the reason why
management measures have to be aimed at reducing this source. However, this does not
´´ can be neglected. In most cases
mean that external load caused mainly by storm waters
the external load will evoke some detrimental effects and they have to be prevented
when ever possible.
The target of the Lakepromo-project, a management and restoration plan for the small
urban lakes of Kuopio, has been achieved. The effects of storm waters have been
studied at a rather general level. Some more detailed studies are going to be undertaken
in the next years. The internal load and the measures needed to reduce this load have been
studied in the pilot Lake Petonen. These results can be applied to other small lakes.
Interaction and co-operation with local inhabitants did not succeed as well as was expected.
In spite of intense efforts, local inhabitants were not particularly interested in the project.
The first meeting about management plan of Lake Petonen was attended by four
participants, the second meeting by 12. The third meeting in April 2006, which was
preceded by circulation of about 400 leaflets distributed to domestic mailboxes in the
surrounding area, attracted a record number of 37 participants. This project does not
differ from other projects carried out in the urban area, where inhabitants are more
passive than individuals in the countryside. It is intended that work with local inhabitants
will proceed in the future. The management and restoration plan of the small lakes will
be distributed to all Residents' Associations in the city. Public meetings will be organized,
depending on the interest of the inhabitants. The report is available also in internet.
The greatest similarities and applicable solutions can be found with the project of the
Danish Lakepromo-partner. In Denmark, there is considerable experience about
biomanipulation, oxidation and chemical precipitation, in other words the methods also
used in Kuopio, too. Some new practices, concerning e.g. the methodology of chemical
precipitation, are intended to be applied in Kuopio.
In turn the participation of the City of Kuopio has brought to the project as experiences
and information about the challenges of northern conditions. Kuopio, along with Finland as a whole, has a long experience in oxygenation which has been described to the
other partners.
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´´ Sukevanjärvi, Finland
2.2 Lake

Veli-Matti Vallinkoski and Tomi Puustinen,
North Savo Environment Centre

Introduction and objectives
Almost 20 percent of the area of North Savo is composed of waters and the total
amount of lakes is over 3800. Most of these lakes are quite small and only 362 lakes are
larger than 50 hectare. The largest lakes are concentrated in the southern part of the
province and these lakes are usually so-called route lakes (chain of lakes).
The pilot target area of this project, Lake Sukevanjärvi which is located in municipality
of Sonkajärvi in the province of North Savo (Figure 1) is an ordinary type of lake in the
northern part of North Savo. As with many other small or medium size lakes (total
surface area of the lake is 389,6 ha) in the area, Lake Sukevanjärvi is rather shallow and
the humic content of water is very high; mean depth is 2,94 m and water color in most
cases over 200 mg Pt L-1. These properties have influenced the recreational use of the
lake. In the general usability classification for Finnish waters, the state of Lake Sukevanjärvi has been classified as passable (second worst class). This classification gives an
estimation about the suitability of a lake in terms of its water supply, fishing and recreation.
The latest ecological classification according to the Water Framework Directice (WFD)
has been done in the year 2007 and based on phytoplankton and fish measures Lake
Sukevanjärvi was estimated to be in good ecological state.

Figure 1. The location of Lake Sukevanjärvi in the province of North Savo in Finland.
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The main problem of Lake Sukevanjärvi is agriculture and forestry based non-point
pollution. Most of the nutrient loading emerges from agriculture. In the drainage basin,
almost all of the possible buffer zones between fields and surface waters are in use.
Another relevant source of nutrients is forestry. Some of the forestry based nutrient
loading is traceable to forest fertilizers, but most of the loading is suspended. A few
decades ago forest drainaging was conducted in wide areas in the watershed of Lake
Sukevanjärvi. In the forest drainage areas the ditches were conducted directly into rivers
and lakes. In the springtime, melting snow and ice removes solid particles from the
streambeds of ditches. Heavy raining periods during the summertime have the same
effect.
There are over 700 hectares which are peat fuel production areas in the catchment area
of Lake Sukevanjärvi. Out of this, 395 hectares have used for production over 30 years
but this is intended to end during the next decade. These old production areas are locally
very significant point sources of suspended load, because the regulations in force at the
time of approval were not strict. In the old production areas, the only water protection
measure is the presence of a sedimentation pond. New production areas have more
effective infiltration based water protection measures.
There is a total of 560 rural area settlements in the catchment basin of Lake Sukevanjärvi. Most of the rural area settlements have the traditional on-site wastewater treatment
method, a two- or three-chamber septic tank, with no further treatment before discharge
into environment. The Government Decree on Treating Domestic Wastewater in Areas
Outside Sewer Networks (542/2003) sets minimum requirements for the construction
and operation of wastewater systems and treatment processes. These requirements will
not come into force for the old settlements until the end of year 2014 thought in new
buildings they are being implemented immediately.
The state prison is located in the drainage basin of the Lake Sukevanjärvi. Wastewater
from the prison has been treated with the natural lagooning method from the end of
1970's until the year 1998. After the natural lagooning, the wastewater's were discharged
into River Raudanjoki, which discharges into Lake Sukevanjärvi. Since 1998, wastewater
has been pumped into the new wastewater treatment plant in the municipality of Sukeva.
The new wastewater treatment plant discharges into Lake Sukevanjärvi. Much earlier,
from the year 1918 to the end of the 1940's, there was a tar- and turpentine factory and
a sawmill situated by the Lake Sukevanjärvi. These plants pumped their process wastes
into soil and lake. Leading to the presence of a contaminated site in the bay and the
shore area of Lake Sukevanjärvi. The contaminated site was restorated in the year 1999.
Local inhabitants use the lake for recreation. Recreational fishing, swimming and boating
are the most common ways of spending time at the lake. The lake is also used during
winter time for ice fishing and swimming in a hole in the ice. There are several summer
cottages and saunas by the lake; which use the water of the lake as bathing water.
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The main objective for restoring the Lake Sukevanjärvi is to decrease external loading.
The planning of the restoration project concentrated on decreasing the agriculture and
forestry based loading. One other goal is to improve recreational use of the lake, but this
is also greatly dependent on water quality.

Background data
The water quality of Lake Sukevanjärvi has been monitored for 20 years. Some random
observations have been made since 1966, but regular monitoring program was started in
year the 1984. Water samples have been taken twice a year (late winter and mid-summer).
Lake Sukevanjärvi is a dimictic lake with two mixing periods and in the winter lake is
temperature stratified. In the summer, stratification is not so evident because the lake is
very shallow (Table 1). The mean annual concentration of total phosphorus and total
nitrogen means that the lake is regarded as eutrophic. The annual mean values of total
phosphorus Ptot and total nitrogen Ntot have been 53 ug/l and 730 ug/l, respectively.
The mean value of the chlorophyll-a (22 ug/l) is evidence of the mesoeutrophic-eutrophic
state. The drainage basin of lake Sukevanjärvi is relatively large (562 km2) and retention
time is quite short (min. estimation 24 days).
Table 1. Hydromorphological characteristics of Lake Sukevanjärvi.

Surface
area
(km2)

Mean
depth
(m)

Max
depth
(m)

Volume
(x106m3)

Catchment
area (km2)

Mean flow
(m3/s)

Retention
time (d)

3,89

2,8

9,1

11,44

562,3

5,62
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The variation of the nutrient levels is represented in figure 13. In the years 1984-2005 Ptot
levels have been fluctuated between 35-68 µg/L-1 and Ntot between 400-1100 µg/L-1.
The concentration of both nutrients has slightly increased in the last decades. The variation
of chlorophyll-a concentration also have been increased during the last ten years. In spite
of the increasing of total primary production, no harmful algae blooms (cyanobacteria)
have been noticed in the lake.
Lake Sukevanjärvi is a dimictic lake with two mixing periods and in the winter, the lake
is stratified. There have been no problems with oxygen in epilimnion during winter.
However, oxygen depletion has been quite regular phenomenon in hypolimnion in late
winter. In the summer stratification is weak because the lake is very shallow and mean
discharge is relatively large. In the summer, the oxygen has sometimes decreased in
epilimnion, but in hypolimnion oxygen level has been quite stable.
The macrophyte community of Lake Sukevanjärvi was surveyed in summer 2004. The
main objective was to collect information about species composition and the abundance
of different species. Dredging reprents one possible restoration measure in this case and
for that reason it was important to identify the out protected plant species in the lake.
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Figure 2. Total phosphorus, total nitrogen and chlorophyll-a in Lake Sukevanjärvi in
years 1984-2005
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The method used was a main transect belt-method. The taxons classified traditionally as
aquatic vascular plants and some shore species were included in this study.
A total of 30 vascular plant species in Lake Sukevanjärv and also 3 submerged aquatic
moss species were found during this study. Tre three most abundant species were Carex
acuta (Slender Tufted-sedge), Nuphar lutea (Yellow water lily) and Equisetum fluviatile (Water
Horsetail). The diversity and abundance of isoetids and submerged species were very
low. In general, isoetids (Isoetes sp., Lobelia dortmanna) are indicator species of good quality
of water. In Lake Sukevanjärvi, the water color is over 200 mg Pt L-1 and this naturally
has a major influence on the abundance of isoetes species. About 50 % of vascular plant
species observed in this study were evidence of the eutrophic-mesoeutrophic state of
the lake and about 20 % were indicative of mesoeutrophic-oligotrophic state. The rest
of these species were so called general species without any indicator values (classification
according to Toivonen 1984). No protected or endangered plant species were observed
in this survey.
A fish population study was carried out by the Finnish Game and Fishery Research
Institute in summer 2006. Experimental fishing was conducted with multi-mesh gillnet
series (NORDIC gillnet). The used measures were total catch, catch per unit (net) and
biomass proportions of different catch species. There were total of nine and the most
common catch species were perch (Perca fluviatile), roach (Rutilus rutilus), bleak (Alburnus
alburnus) and bream (Abramis brama). The biomass proportion of cyprinids was 59%
which is a rather typical result for eutrophied lakes in Finland. The biomass proportion
of predator species (> 15 cm perch, pikeperch and pike) was 25% which is indeed a
very good result for a euthropied lake.
Phytoplankton of Lake Sukevanjärvi has been monitored since 1984. Benthic invertebrates
of Lake Sukevanjärvi have been sampled in year 2005. This data will be used to evaluate
the ecological state of the lake, thought this has not been done yet.
According to the Water Framework Directive (2000/60/EC), the assessment of the
lakes ecological state of the water bodies must take into account the characteristics of the
lakes. The lakes need to be categorized into types according to their natural characteristics.
The status of a lake is determined by comparing the biotic community composition of
the lake to that of a lake of same type in natural state. If necessary, the point of comparison
can be created by modeling or by being evaluated by an expert. Biological elements
which will be used to evaluate the ecological status of lakes are macrophytes, phytoplankton,
benthic invertebrates and fish. The Water Framework Directive (WFD) provides general
guidance on the determination of the ecological condition: high, good, moderate, poor
and bad.
External loading of Lake Sukevanjärvi drainage basin has been estimated with the Finnish Environment Centre's VEPS-model. Based on these estimates, over 50 % of the
nutrient loading reaching Lake Sukevanjärvi is traceable to natural elution and atmospheric
fallout (Table 2). According to the Vollenweider model, the upper limit for the critical
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phosphorus load for Lake Sukevanjärvi is 1,25 gP/m2/a. The annual phosphorus load
was also 1,25 gP/m2/a, and thus external loading may be too high. Nonetheless, if one
wishes to assess the impact of the phosphorus loading it is important to consider the
hydrology of the lake, because the retention time of water and the lake morphology
both play crucial roles in nutrient availability. The retention time of water in Lake Sukevanjärvi is very short and it seems possible that nutrients are flushed out rather quickly.
Table 2. External loading of the Lake Sukevanjärvi according to VEPS-model.

Source

Total phosphorus
Annual mean [kg]

%

Total nitrogen
Annual mean [kg]

%

Agriculture
Forestry
Fallout
Natural elution
Urban stormwater
Settlements
Peat production

1225
437
295
2439
4
193
248

25
9
6
50
0
4
5

24517
7152
8112
73382
105
1227
9170

20
6
7
59
0
1
7

Total

4841

100

123665

100

Internal loading has not been measured. It is estimated that internal loading may be
important, because the retention time of water in Lake Sukevanjärvi is rather transient.

Management measures
Restoration of Lake Sukevanjärvi consists of improvement measures both in the lake as
well preventive and improvement measures in the catchment area. The aim of restoration
measures in the catchment area is to decrease the level of external loading of phosphorus,
nitrogen and suspended solids. The main restoration methods in use the catchment area
are an increase in the numbers of artificial wetlands, sedimentation ponds and agricultural
buffer zones. The restoration methods for the lake aim to improve water quality, but also
to increase value of lakeside properties and to improve recreational possibilities. One
possible restoration method use in this lake in is water level raising (minimum and mean
level) by building a submerged dam. Water level raising aims at preventing the invasion
of macrophytes and improve water quality. In addition dredging of delta area of income
river Talasjoki has been planned.

Discussion
The preliminary restoration plan of Lake Sukevanjärvi was introduced to other
Lakepromo partners during the workshop in the third seminar in Brighton 2004. In spite
of differences between the pilot areas, some other Lakepromo partners contributed
useful comments concerning the state of lake, biological studies and objectives of the
restoration. Some of these comments are presented below:
"Ecological problems in this pilot lake are rather minor compared to our lakes."
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"Different countries may have somewhat different objectives for lake restoration (ecological state, water
quality, recreational goals)."
"You are the best expert to set the goals in this case, because you know your lake more closely than other
Lakepromo partners."
"You should have more information about sediment if dredging is to be one of the restoration measures
used."
"The structure and species composition of fish fauna should be known more closely before restoration."
"Are there any real biological problems?"
After the workshop, the restoration planning has proceeded and some of these comments
have been taken into account. For example, experimental fishing has been undertaken.
We are also aware that recreational goals in this kind of restoration project are very
important because half of the funding is paid by the local municipality. The water level
raising and restoration measures in the drainage basin have of course some positive
effects on water quality. After the workshop a preliminary ecological classification of
Lake Sukevanjärvi has been undertaken and based on these results it is now possible to
claim that the state of Lake Sukevanjärvi is good. The concerning the ecological status
and biological problems were justified. In the near future, more information about the
ecological state of Finnish lakes will become available and we hope that ecological goals
will start to reconsidered as being more important in Finnish lake restorations.

2.3 The Pevensey Levels,
2.3 the United Kingdom
David Diston, Steve Mitchell and Huw Taylor,
the University of Brighton

Introduction and objectives
The wet grassland biotope is characterised by high levels of biodiversity (up to 38 species
per square metre), and provides habitat for many rare floral and faunal communities.
Commonly, wet grasslands contain various types of waterbodies and areas of standing
water; such heterogeneity of aquatic features ensures a highly diverse invertebrate
community which, aside from their intrinsic value, provide valuable food for the avian
population.
This study of the Pevensey Levels was initiated in February 2005, and began with a
detailed literature review and identification of research needs. Upon consultation with
stakeholders and interested parties, it was agreed that the study should have three clear
objectives:
26

Manual of Practical Tools

Assessment of the current trophic status of the Pevensey Levels SSSI/Ramsar site
Trophic status is a measure of nutrient concentrations and associated biomass production
and is delineated in this study according to the Organisation for Economic Co-operation
and Development (OECD) trophic status grading. In order to assess the trophic status,
orthophosphate [determined as Soluble Reactive Phosphorus (SRP1)] concentrations were
studied. This is the P fraction typically in the shortest supply in freshwaters and the most
available form of P to living organisms having the greatest potential to limit detrimental
biological growth. Classification of site chemical 'health' is also made in relation to
Environment Agency (EA) General Quality Assessment (GQA) guidelines;
Identification of chemical trends
Chemical trends were identified from EA data covering the period 1994-2007. Major
nutrients and other determinands commonly used to categorise water quality were
examined for long-term and seasonal patterns. Correlation exercises and regression analysis
were employed to examine determinand relationships within and between sites;
To conduct a pilot nutrient source apportionment study
In order to implement successful restoration schemes and achieve good chemical and
ecological status, it is essential to understand nutrient sources and fluxes. Four methods
of source apportionment were used in this study: 1) examination of seasonal nutrient
dynamics; 2) employing boron as a chemically conservative tracer of STW effluent; 3)
relationship of determinand with flow and; (4) mass balances.
To achieve the objectives, it was necessary to use data from two monitoring programmes:
EA (data set A)
Data provided by the EA covered the period January 1994 to March 2007 and included
a wide range of determinands. Nineteen sites within the Pevensey Levels were selected
for analysis (sites A-S), thirteen of which were in the Pevensey Haven catchment and 6
within the Wallers Haven catchment (Figure 1).
University of Brighton (Data set B)
Four water quality sites (sites T-W; figure 1) were chosen with the objective of examining
the impact of effluent from Hailsham North and South sewage treatment works
(HNSTW and HSSTW; 17,046 p.e and 26,447 p.e. respectively) on surface waterbodies
downstream and to provide an estimate diffuse/background loads.

1
SRP; soluble = can be filtered through 0.45µm filter; reactive = reacts with molybdate
to form phosphomolybdenum blue or 1,2-phosphomolybdate
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Figure 1. Location of monitoring sites.

Background data
Located on the English southeast coast, between Eastbourne and Bexhill-on-Sea (East
Sussex), the Pevensey Levels Ramsar site/SSSI is an area of reclaimed coastal wet grassland,
covering 3,501ha. Since 1977, the majority of the Levels have been designated a SSSI,
mainly due to the considerable number of rare plants and invertebrates present. The
SSSI was originally 4,112 ha., but was re-notified in 1990, resulting in the total area
decreasing (loss of biological interest features was the primary driver behind re-notification).
The Levels are also a candidate Ramsar site of international wetland importance and
host two National Nature Reserves that are of specific avian importance for both overwintering and breeding bird populations [particularly Vanellus vanellus (Lapwing) and
Gallinago gallinago (Snipe);].
The Pevensey Levels are a highly managed area, containing channels and streams of
various orders and there are three catchments within the Levels:
• the Wallers Haven;
• the Pevensey/Hurst Haven;
• the East Stream.
These catchments are further divided into 9 sub-catchments capable of operating
independently of each other, allowing greater control over ditch water levels and channel
flows. Long water residence times, due to low hydraulic gradients, lack of groundwater
interaction and water retention structures promote conditions conducive to eutrophication
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and excessive plant growth. Gates at the marine outfalls of both the Pevensey and the
Wallers Haven prevent saltwater intrusion/freshwater loss from the drainage system,
allowing the isolation and manipulation of sub- catchment water levels. During summer
months, water levels are kept artificially high (storing water for wet fence provision,
irrigation etc.), whilst in winter, water levels are kept artificially low providing extra storage
capacity for pumped run-off. Surface inflows and outflows are minimal, thus the
hydrological budget of the Levels is dependent on the balance between precipitation
and evaporation.

Figure 2. Pevensey Levels location map.

Current nutrient status
Median SRP concentrations at all Pevensey Levels sites range from 20 µg-P l-1 to 2680
µg-P l-1 (site G)and the median across all sites was 492 µg-P l-1. All sites downstream of
either Hailsham STW (B, C, D, E, G, H and J) recorded maximum concentrations >4000
µg-P l-1, with the highest being 12000 µg-P l-1 at site C (September 1994). Sites not
downstream of Hailsham STW (A, F and I) recorded smaller median and maximum
concentrations; these were between 83.2 µg-P l-1 (site A) and 196 µg-P l-1 (site F).
Using the OECD trophic classification, the majority of the sites are categorised as being
hyper-eutrophic, with sites A and P being eutrophic and sites Q and S are mesotrophic.
Comparing the data to the EA GQA classification gives a range of grades (table 1), with
the majority of sites having 'high' or 'very high' SRP concentrations.
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Table 1. Classification of sites by SRP concentrations.

Grade

Sites

Very low
Low
Moderate
High
Very high
Excessively high

N
P, Q, S, W
A, L
F, K, I, M, R, T, V
B, D, E, J, O, U
C, G, H

Table 2. Median values for SRP, boron and SRP:B ratios at sites T to W.

Site
T
U
V
W

SRP (µg-P l-1)

B (µg-P l-1)

SRP:B ratio

108.27
390.00
125.00
55.00

442
490
45
44

0.21
0.71
4.00
1.19

Ammonia
Median values for ammonia are within the range expected in unpolluted waters (>0.1
mg-N l-1), sites within the Pevensey Haven catchment had slightly higher median NH4+
concentrations than the Wallers Haven, 0.11 mg-N l-1 ( n = 1370) and 0.8 mg-N l-1 (n =
862) respectively. The median value across all sites was 0.1 mg-N l-1 (n = 2232). Higher
maximum values tend to be recorded at sites downstream of Hailsham STW (C, D and
G). All Wallers Haven sites except site N are graded A using EA GQA assessments,
whereas the majority of Pevensey Haven sites are graded B. The exceptions are site B
(graded C) and site G (graded D).
Nitrite and nitrate
There was a significant difference in median concentrations between the Pevensey Haven
and Wallers Haven catchment, 0.051 mg-N l-1 (n = 1367) and 0.028 mg-N l-1 (n = 858)
respectively. The average across all sites was 0.044 mg-N l-1 (n = 2225). Nitrite
concentrations were slightly elevated, and the majority of sites fail the standard set in the
Freshwater Fish Directive for cyprinids which is <0.03 mg-N l-1 (95th percentile); sites
which comply are K (0.02 mg-N l-1) and P (0.03 mg-N l-1), sites close to compliance are
I (0.05 mg-N l-1), L (0.04 mg-N l-1), M (0.05 mg-N l-1).
Nitrate is the dominant species of nitrogen at all monitoring sites, Pevensey Haven and
Wallers Haven median NO3- concentrations showed little variance, 2.58 mg-N l-1 (n =
1308) and 2.31 mg-N l-1 (n = 857) respectively. The median across all values was 2.49
mg-N l-1 (n = 2165). Sites which are not downstream of Hailsham STW generally record
significantly lower concentrations than those which are. Low NO3- values and elevated
NO2- values may be a function of low DO concentrations and retardation of the
nitrification process. Using the EA GQA grading, most sites are classified as having 'Very
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low' nitrate concentrations, whereas sites B and G are classified as having 'Low'
concentrations.
Dissolved oxygen
As with NH4+ and NO3-, there is little difference in DO levels between the Pevensey
Haven and the Wallers Haven catchments, 77.8 % saturation ( n = 1443) and 85.4 % ( n
= 911) saturation respectively. The average across all sites is 80.2 % saturation (n = 2354).
There was no pattern in the maximum values; readings >140 % saturation were recorded
at sites subject to STW effluent (B, C, H and J) and those which are not (J, and R). Wallers
Haven sites score considerably better regarding EA GQA grades for DO, the majority
of sites are rated A-B, with site O [downstream of Windmill Hill sewage treatment
works (WHSTW)] rated E. Pevensey Haven sites are generally rated C-E and show no
discernable spatial pattern.
Biochemical Oxygen Demand
Median BOD concentrations were generally low and did not vary significantly between
monitoring sites. There was a slight difference in average concentrations between the
Pevensey Haven, 2.35 mg l-1 (n = 1340) and the Wallers Haven 1.71 mg l-1 (n = 826); the
median value across all sites was 2.15 mg l-1 (n = 2166). Manxey Levels sites (K, L and M)
appear to have problems with high BOD, the reason for this is unknown. The BOD
limit prescribed in the Freshwater fish Directive for cyprinids <3 mg (9th percentile), all
sites in the Wallers Haven comply with this standard whereas sites A, B, C, G and H
comply within the Pevensey Haven.
Boron
Boron data was largely restricted to data set B, and the data showed boron concentrations
were highly varied and showing two key themes:
Sites T and U demonstrated the highest median boron concentrations (442 µg-B l-1 and
490 µg-B l-1 respectively), whilst concentrations at sites V and W were significantly lower
(45 µg-B l-1 and 44.5 µg-B l-1 respectively);
Sites with highest mean boron concentrations (T and U) exhibited greater a range than
those with lower concentrations (V and W).

Source apportionment
A number of different techniques were used in order to apportion nutrient sources,
these were:
i) Seasonal nutrient dynamics
Analysis of determinand seasonality is a useful method of determining source
apportionment, since summers peak can indicate the predominance of point sources,
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whilst a winter peak indicates diffuse sources. Determination of seasonality is also generally
a first stage in the analysis of river/stream nutrient budgets.
A limited number of sites display summer SRP peaks (E, O and R), suggesting dominance
of point sources. However, other sites closer to point source discharge points do not,
suggesting less in-stream abiotic/biotic removal of SRP during the summer months, or
additional point pollution delivery. The most prevalent type of seasonal relationship is
winter peaks (C, E, F, H, I, J, O, P, Q, S, T) and analysis of sites displaying similar seasonal
relationships few clear patterns emerge, indicating that seasonal nutrient dynamics are
controlled by local factors.
ii) SRP/B relationship
SRP and B concentrations within STW effluent display a strong positive linear correlation,
the approximate ratio being 9.5:1, where tertiary treatment is practised, SRP:B ratio may
be around 1.9:1. Riverine SRP and B loads derived from STW effluent will also be well
correlated, providing limited in-stream assimilation of SRP has taken place and diffuse
sources are minimal. In waterbodies subject to STW effluent discharges, previous studies
have consistently recorded SRP:B correlation coefficients (R2) >0.90. Analysis of SRP:B
ratio in waterbodies subject to STW discharges aids in identification of seasonal trends,
effectively correcting for dilution as both determinands dilute proportionally with increasing
flow, allowing emergence of true SRP patterns.
The degree of correlation between SRP and B varies greatly between monitoring sites.
Sites located directly downstream of major STW (T and U) have the strongest correlations
(R2 = 0.4 and 0.58 respectively), whereas sites not located downstream of major STW
(V and W) display very weak correlations (R2 = 0.2 in both cases). The data suggest that
it is probable that larger fractions of SRP load at sites T and U are derived from sewage
effluent than is the case at sites V and W. Although correlated, the R2 values at sites T and
U are lower than recorded in other studies (e.g., R2 = 0.963), and perhaps surprising
given that site T is only approximately 5km downstream of HNSTW. The correlation
between SRP and B may be retarded at sites T and U by water control structures
prohibiting natural water movements, retaining water and increasing residence times, all
of which promote abiotic/biotic assimilation of SRP. As there are no other major inflows
into the Pevensey Haven (either surface or sub-surface), STW discharges tend to be
retained for longer during the summer in order to provide wet fences for cattle. Increased
temperatures and higher levels of evapotranspiration during this period will encourage
greater removal of SRP from the water column, whilst biologically unavailable B loads
remain largely unaffected. Such situations would cause a distortion of the positive linear
SRP/B relationship.
iii) Determinand relationship with river flow
Correlation of determinand with river flow is a useful method of source apportionment
and has been widely used in river studies, strong positive relationships indicate the
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mobilisation of terrestrial diffuse pollution by rainfall events and subsequent transport
overland to waterbodies, indicating diffuse pollution controls the nutrient flux. Negative
relationships indicate point sources dominate the nutrient budget, as they characteristically
dilute with increasing flow. Determinand flow analysis was only applicable to Wallers
Haven sites (N-S).
Only sites O and R showed negative relationships, whilst P, Q, R and S displayed positive
relationships suggesting the former are influenced by point sources, whilst the latter are
influenced by diffuse sources.
iv) Mass balances
Mass balances for the Wallers Haven have been constructed to further aid N and P
apportionment; to do this, data from three sites has been used:
Concentrations and flows from site O have been used to estimate point source inputs;
Sites P and Q have been used to estimate diffuse source contributions;
Sites R and S downstream of both point and diffuse inputs used to estimate nutrient
fluxes.
Date of data collection is synchronised at sites O, P and Q, but site R and S have little
data synchronised with sites upstream, therefore quantitative analysis of in-stream nutrient
losses/gains for the monitoring period cannot be carried out. Assuming site O delivers
point source loads from WHSTW and sites P and Q deliver diffuse loads, the relative
proportion of nutrients delivered to site R can be estimated. SRP load contributions
from point and diffuse sources vary throughout the monitoring period. Overall, point
sources dominate the total SRP load delivered to site R from sites O, P and Q. Over the
entire monitoring period, point sources contribute 84% of cumulative load, ranging
from 11% (February 2005) to 98% (December 1995). Point sources tend to dominate
during summers periods, with maximum diffuse loads being delivered during the winter
although they do not dominate. This was not the case in 1994 and 2004 where patterns
were not defined.
The relative contribution of point and diffuse NO3- loads is approximately 50:50 (point
loads account for 51% over the entire monitoring period) and proportions show large
variance; point sources range from 4% (August 1994) to 91% (September 2001). As with
SRP contributions, point sources tend to dominate NO3- budgets in summer, whereas in
winter the reverse is observed.
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Figure 3. Water quality monitoring sites T - W (clockwise from top left).

Discussion
Results from the monitoring programme show that the Pevensey Haven is generally of
worse chemical quality than the Wallers Haven. By applying a ranking system to the GQA
grades (i.e. Grade A awarded 1 point, grade B awarded 2 points etc.), a total grade and
rank can be derived.
Water management practices currently practiced on the Levels may give rise to the seasonal
patterns observed. Many sites showed little determinand seasonality, the most prevalent
type was N species, few sites showed SRP seasonality (7 out of 23). The numerous
sluices and water retention structures increase water retention times, promoting abiotic/
biotic nutrient assimilation that appears to significantly dampen the nutrient response of
the catchment. Sites in close proximity to Hailsham STW (e.g. sites B, F and G), did not
show any SRP seasonal patterns, whereas site C showed significant SRP losses during the
summer. If these sites were displaying characteristic point source seasonal patterns,
concentrations would peak during periods of low flow (i.e. the summer months), with
minimum concentrations recorded in winter. Longer residence times may also promote
little variance of nitrate concentrations, as biotic effects may buffer concentrations. The
low SRP:B ratios and low SRP/B correlations recorded at sites in the Pevensey Haven
catchment (sites T and U) indicate that removal of SRP from the water column is likely
to be significant and mass balances constructed for the Wallers Haven indicate that there
is significant in-system retention of both N and P.
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Water management practices may account for the lack of connectivity between sites.
Concentrations of all determinands between sites appeared to be wholly independent,
and there was a lack of common patterns. Sites that did display limited connectivity were
sites E and H, and H and J. This is likely to be because they are in close proximity to each
other, or they share similar water management regimes.
A number of different techniques were used in order to apportion the nutrient source,
and the overall conclusions are shown in table 3. There is a notable difference between
sources of nutrient loads between the Wallers and the Pevensey Haven catchments. The
majority of sites in the Pevensey Haven catchment are dominated by point sources (i.e.
Hailsham STW), the exception being sites upstream of this discharge (A and F) and site
I which are dominated by diffuse sources. All sites within the Wallers Haven, excluding
sites O (point source, i.e. WHSTW) and R (point and diffuse), have nutrient budgets
dominated by diffuse sources. As site S does not display any point source characteristics,
it is likely that the point load from WHSTW is being prevented from reaching this site,
either by nutrient transformation, or by removal of nutrient rich water for ditch feeding.
Table 3. Conclusions of source apportionment study.

Site Source

Comments

A

Diffuse

No STW in vicinity

B

Point

Proximity
to
concentrations

C

Point

High B concentrations indicate presence of STW
effluent. Observed winter dip in SRP concentrations
is a result of SRP stripping from the water column
rather than transportation of diffuse load; this is
indicated by low SRP:B ratios

D

Point

Installation of nutrient stripping corresponded with
decreases in SRP concentration

E

Point

Installation of nutrient stripping corresponded with
decreases in SRP concentration

F

Diffuse

No STW in vicinity

G

Point

Installation of nutrient stripping corresponded with
decreases in SRP concentration

H

Point

Installation of nutrient stripping corresponded with
decreases in SRP concentration

I

Diffuse

No STW in vicinity, low B concentrations

J

Point and diffuse

Data does not indicate source, but as site is at the
mouth of catchment it is likely both sources will
contribute to load

STW,

elevated

determinand
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Table 3. Conclusions of source apportionment study. (continue)

Site Source

Comments

K

Diffuse

No STW in vicinity

L

Diffuse

No STW in vicinity

M

Diffuse

No STW in vicinity

N

Diffuse

No STW in vicinity

O

Point

Seasonal SRP concentrations and
relationship between SRP and flow

P

Diffuse

Positive relationship between N and flow

Q

Diffuse

Both SRP and N species increase with flow

R

Point and diffuse

SRP has a negative relationship with flow, and summer
peak concentrations. N is positive with flow. Mass
balances indicate point sources dominate P budget,
whereas the N budget is approximately 50:50 point
diffuse

S

Diffuse

SRP concentrations peak in winter, N is positive with
flow

T

Same as site C

Same as site C

U

Same as site E

Same as site E

V

Same as site I

Same as site I

W

Diffuse

B concentrations are very low.
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2.4 Lake Võrtsjärv, Lake Peipsi, Emajõgi River, Narva River,
2.4 Estonia
Lea Tuvikene, Horst Behrendt, Alo Laas, Diana Sarik,
Ain Järvalt, Kai Piirsoo, Peeter Pall, Malle Viik, Sirje
Vilbaste, Irina Zemit and Arvo Tuvikene;
Estonian University of Life Sciences

Introduction and objectives
In Estonia, the Narva River drainage basin including Lakes Võrtsjärv and Peipsi, and the
Emajõgi River connecting them, was selected as a pilot area in Lakepromo project (Figure
1). The current report summarizes the results gained from this work. Võrtsjärv and
Peipsi are among the best studied lakes in Estonia, there exist long-term databases on
their water quality and biota. These economically important lakes are under the constant
gaze of public attention, and every action at these lakes has to be carefully discussed and
considered. It is a flat area, and the large water level fluctuations can be emphasized as the
most prevalent problem intensifying eutrophication.

Figure 1. Location of Estonian pilot areas.

37

Lakepromo

Background data
The NARVA RIVER DRAINAGE BASIN (area 56 225 km2) contains two large and
shallow lakes, Lake Peipsi and Lake Võrtsjärv (Figure 1) with their catchments and with
the Emajõgi River running between the lakes.
LAKE VÕRTSJÄRV is the second largest lake in the Baltic countries, characterised by
the shallow depth (mean 2.8 m, maximum 6 m), large surface (270 km2), and the large
drainage area (3104 km2). The water is turbid (Secchi depth 0.5 - 1.0 m during the icefree period) mainly due to the presence of stirred up bottom sediments. According to
the mean annual concentrations of total nitrogen (TN; 1,6 mg l-1) and total phosphorus
(TP; 50 µg l-1) the lake is regarded as being eutrophic (Huttula & Nõges, 1998). The total
number of bacteria varies from <1· 106 to 6· 106 cells ml-1 (Kisand & Nõges, 1998).
Chlorophyll a concentrations range from almost zero to 84 mg m-3 (Nõges & Nõges,
1998).
The discharge from Lake Võrtsjärv occurs through Suur-Emajõgi River, and the waters
pass into to Lake Peipsi. Due to its shallowness, and wind action, the oxygen conditions
are generally favourable for fishes in Lake Võrtsjärv. The major nonpoint sources of
nutrients for Lake Võrtsjärv are fertilizers and animal manure.

Figure 2. Emajõgi River in town Tartu. Photo A. Tuvikene.
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The discharge from Lake Võrtsjärv is SUUR-EMAJÕGI RIVER which connects the
two largest lakes in Estonia (Figure 2). The length of the river is 100 km and it can be
regarded as a fifth-order stream.
The majority of wastewater is carried into Emajõgi R. from the town of Tartu, which
with its population of 96,360 (according to Inhabitants' Registry Office in 2001) is the
second largest city in Estonia. The Tartu wastewater treatment facilities have been in
operation since 1998. The majority of wastewater (80 %) has been treated, and the total
pollution load of Tartu has diminished in the last few years (Table 1).
Table 1. Pollution load (m3 or tons (t) per year) in Emajõgi River in 1998-2000 (data:
http://www.tartu.ee/hlp/veeinfo/veeinfo.php).

Amount of wastewater (x103 m3)
BOD7 (t)
Suspended matter (t)
Tot-N (t)
Tot-P (t)
Oil products (t)
Sulfates (t)

1998

1999

2000

5020
386
320
121
17
3.99
270

9081
138
130
202
21.2
0.5
664

7172
198
143
156
18
0.7
552

LAKE PEIPSI is the largest transboundary lake in Europe, located on the border between
Estonia and Russia. It has a large surface area (3,555 km2), in fact L. Peipsi is the fourth
largest European lake. The lake consists of three parts. The largest (northern) part, L
Peipsi sensu stricto, has an area of 2,611 km2 and a mean depth of 8.4 m with the greatest
depth being 12.9 m. The southern part, L. Pihkva, with an area of 708 km2 and a mean
depth of 3.8 m, is connected to L. Peipsi by the narrow, river-shaped L. Lämmijärv with
an area of 236 km2 and mean depth of 2.6 m. The catchment area (47,800 km2) covers
parts of Estonian, Russian and Latvian territories. The amount of water in L. Peipsi is 25
km3 and the residence time of the water is about two years. L. Peipsi is an unstratified
eutrophic lake with some mesotrophic features; L. Lämmijärv has some dyseutrophic
features, while L. Pihkva is an unstratified eutrophic, or even hypertrophic, water body.
The majority of phosphorus and nitrogen compounds are carried into the lake by the
rivers Velikaya and Emajõgi.

Lake Võrtsjärv
The main problems for Lake Võrtsjärv arise from the major water level fluctuations,
which strongly affect the ecosystem of the shallow lake and its surrounding areas. Water
rich and poor-water periods occur in about by 30-year cycles in L. Võrtsjärv.
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Figure 3. The scheme of vegetation in Lake Võrtsjärv (Feldmann & Mäemets, 2004).

The minimum water level of the lake is below 32.50 m and the highest is 34.50 m above
sea level according to the Baltic system. At the high water level then large surrounding
areas are flooded. This causes problems mainly for agriculture and forestry. A low water
level causes significant changes in the littoral, which is the most visible part of the lake
ecosystem for normal lake and coastal zone users. The area of macrophytes has expanded
notably during the last 30 years. The read belt is continuous and lush especially on the
sheltered western and southern shores; the southern part of the lake is overgrowing of
with emergent and floating-leaved plants (Figure 4).

Figure 4. East coast of lake Võrtsjärv. Photo: A. Tuvikene.
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Ice and snow cover plays a crucial role in the formation of the ecological state of the
lake as the amount and concentration of oxygen in the water depends on the level of
snow cover. The active capacity of the lake is smallest during low water periods and in
those winters when there is a thick ice cover the oxygen content may decline below the
critical level (< 2-3 mg/l) by February-March.
The low water level also affects the reproduction of spring spawning fishes, because
many spawning areas will not be available during that kind of period. In the case when
there is both a low water level and a severe winter, serious fish kills may occur in lake
Võrtsjärv, which, addition to the damage to the lake ecosystem, causes serious socioeconomical problems for professional fishermen. But also summer fish kills (mainly
ruff) can happen due to excessively high water temperatures (25-27 ºC).
The ecosystem of Lake Võrtsjärv is sensitive to water level fluctuations following the
pattern of the NAO index (Nõges, 2004). Due to the shallowness of the lake, low water
level periods are accompanied by several unfavourable phenomena such as low water
transparency, overgrowth by macrophytes and planktonic algae, restricted spawning areas
for pike, decrease of the abundance of pike, pikeperch and burbot, and possible winter
fish kills. To a certain extent, water level management could provide a useful tool for lake
restoration. It has been found that the water level should not be allowed to fall below the
value of 33.50 m (Järvet, 2004).
Concerning the regulation and management of the lake, there are conflicting opinions
among fishermen and organisations of nature conservation. This is the paradox: the
greatest threat to the biota of Lake Võrtsjärv is an extremely low water level, but the
water level regulation is the greatest threat to natural status of the lake!

Suur-Emajõgi River
Main problems for Emajõgi River.
Even though there is now much better water purification in Tartu town, the middle
course of Emajõgi is one of the worst polluted waters in South Estonia. It is regarded
as one of the largest sources of pollution flowing into Lake Peipsi. The main pollution
comes from the town Tartu which still releases some untreated or poorly purified industrial
and municipal sewage via many collectors into the river. There is also a harbour where
oil-spillage from boats and vessels can occur (Tuvikene et al., 1996).
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Table 2. Ingredients and quality classes of water in the Emajõgi River near Tartu in
2000 (I - High; II - Good; III - Fair). Data from Environment Department of Tartu http:/
/www.tartu.ee/hlp/veeinfo/veeinfo.php).

Ingredient and
quality class

Unit

Kvissental Kavastu

Dissolved O2

%

94.5

72.0

I - High

I - High

4.46

4.46

II - Good

II - Good

0.14

0.37

II - Good

III - Fair

2.76

2.92

II - Good

II - Good

0.09

0.092

Quality class of water

III - Fair

III - Fair

General status

II - Good

II - Good

Quality class of water
BOD7

mgO2 l-1

Quality class of water
NH4

mgN l-1

Quality class of water
Tot-N

mgN l-1

Quality class of water
Tot-P

mgP l-1

Application of hydrochemical criteria (Loigu & Leisk, 2001) to the Emajõgi indicated
that different ingredients modify the water quality status from 'high' to 'fair', but the
general situation was rather 'good' in 2000. Application of these criteria to the Emajõgi
in 2001 indicated that the mean concentrations TP, NH4 and TN reflected mostly 'high'
or 'good' status (an exception was in spring, when TN described a rather 'fair' situation).
Application of the chlorophyll criteria as adjusted for Estonian lakes (Ott, 2001) to the
Emajõgi River, indicated that the mean concentrations of chlorophyll reflected 'good'
status in summer and autumn, and 'high' status in spring. It seems that the phytoplankton
criteria in Estonian rivers and streams have shifted down, compared with these criteria
for lakes. Estonian rivers are short, and their water residence time is too low to allow the
development of true potamoplankton. In rivers, the hydrological regime has a far stronger
impact on phytoplankton, compared with the chemical properties of water (Descy,
1987; Potapova, 1999). According to long-term investigations of Estonian running waters,
the phytoplankton biomass and chlorophyll a did not correlate with nutrients (Piirsoo,
2001). Nutrients cannot be assimilated by phytoplankton due to deficiency of light in
many rivers. Therefore, the levels of phytoplankton in rivers are low and they are
heterogeneous, and quantitative characteristics are usually lower than in lakes.
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Lake Peipsi
Due to the large surface area and it's shallow depth, all the lake is intensively aerated and
rarely suffers from oxygen depletion. Stratification is generally limited to a few months
during summertime, and is rather unstable. Phytoplankton blooms are usually caused by
hydrophysical and weather conditions (Tuvikene et al., 2005). The main point source
pollution comes into Lake Peipsi from wastewater from the cities of Tartu and Pskov.
According to the data of state monitoring, water quality in Lake Pskov (the most southerly
part of Lake Peipsi), which is directly affected by pollution coming from the Velikaya
River, has declined remarkably during recent years (http://eelis.ic.envir.ee:88/seireveeb/
aruanded/5191_Peipsi%20loparuanne.pdf ?).
The calculated nitrogen and phosphorus loads entering L. Peipsi are 19,000 tons and 580
t per year, respectively (Loigu et al. 1999). According to Loigu et al. (cit. op), seven percent
of the external nitrogen load originates from point pollution sources, half of the load
comes from agriculture and 22% is of natural origin. With respect to the phosphorus
load, 36% comes from point pollution sources and 38% from agriculture.
According to Nõges et al., (2003), the following trends are evident in the catchment area
of Lake Peipsi and its ecosystem:
• Since the end of 1980s, the concentration of nitrogen in river water as well as the
nitrogen loading into L. Peipsi has decreased by about 2 fold.
• Phosphorus loading has only slightly diminished and may have started to increase again
since the beginning of 2000s.
• Nitrogen concentration in the lake water has slightly diminished while the phosphorus
concentration remained generally at the same level.
• Total biomass of phytoplankton and concentration of chlorophyll has remained at the
same level as in 1980s.
• N/P ratio has decreased both in riverine loadings and in lake water, and cyanobacterial
blooms have been worse in recent years.
Based on the above statements, it could be concluded that the trophic status of Lake
Peipsi did not increase but rather decreased during the decade 1994-2003. The most
acute problems (water blooms and fish-kills) are not caused by ongoing eutrophication.
Instead they rather are the consequences of eutrophication caused by intense agricultural
and municipal pollution in the 1980s. The most important measure to be done to achieve
a further improvement would be to decrease phosphorus loading. However, a rapid
recovery of the ecosystem cannot be expected because of the long retention time (about
two years) of the lake water.
During some recent years, there have been the appearance of several signs that the status
of Lake Peipsi is not as good as expected. Extensive algal blooms, a dramatic decrease
in zooplankton abundance, undesirable shifts in the structure of fish community, and fish
kills have been noted in Lake Peipsi. These signs do not necessarily indicate accelerating
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anthropogenic eutrophication - the time period of these changes has been too short to
allow this kind of sensitive conclusion. There may be other large-scale factors influencing
the water bodies in this region, e.g. multi-annual climatic cycles like North Atlantic
Oscillation or overall climate change.

Narva River
R. Narva receives its pollution from the Estonian territory mostly by wastewater from
the Estonian Oil Ltd Shale Narva Quarry, Narva Power Stations, Kreenholm Holding
Ltd and Nakro Ltd, as well as from effluents of Narva (74,000 inhabitants) and NarvaJõesuu (3,080 inhabitants). The Narva domestic sewage represents the highest pollution
load to the Narva River (Sizov, 2002). The effectiveness of the Narva treatment facilities
has been best for BOD7. From the beginning of the 1990s to the middle of the 1990s,
the pollution load of sulfate ions from Narva treatment plant and Narva Quarry decreased,
but it did begin to increase since 1995 (Sizov, cit. op.).
Toxic substances reach Narva R. from the drainage water emerging from two oil shale
mines (Sirgala and Narva) and with leachate from oil shale ash plateaus of Estonian and
Baltic thermal power plants. Some water pollution comes from the Slantsy oil shale
processing plant (Russia), as well. The main toxic pollutants in Narva R. are oil products,
heavy metals and polycyclic aromatic hydrocarbons (PAHs) (Voll et al., 1988; Liblik and
Rätsep, 1994; Tuvikene et al., 1999, 2000). During the recent decades of increased economic
activity in Estonia, an intensive development of oil shale industry has created serious
ecological problems in the North-East (NE) part of the country.
If one applies hydrochemical criteria (Loigu & Leisk, 2001) to estimate the condition of
the Narva River then the mean concentrations of tot-N, tot-P and NH4 represent a 'high'
situation in 2001 (except in autumn when tot-P concentration reflected 'good' status).
Application of chlorophyll criteria elaborated for Estonian lakes (Ott, 2001) to the Narva
River, indicated that the concentration of chlorophyll reflected 'high' status during the
vegetation period.
The nutrient content in Narva River is usually low (mostly good status). According to the
content of chlorophyll a and phytoplankton indices, the water quality is either very good
or moderate status, respectively. If the the trophic status is assessed by the mean values
of chlorophyll a and phytoplankton biomass during the different seasons, then the Narva
River is in mesotrophic and Emajõgi River in eutrophic status.
According to diatom indices, the status of different parts of Narva R. was good or
moderate in autumn 2006. In addition several rare macrophyte species were found. At
the same time, fish nutrition conditions were poor due to poor abundance of zooplankton,
and also the status of river according to zoobenthos indices was estimated to be "bad"
(Tuvikene et al.,2007b).
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Application of the model MONERIS
Increased and unbalanced riverine delivery of nutrients (N, P and Silicone (Si)) is known
to cause lake eutrophication. The ecological functioning of the European large lakes has
been clearly affected by the process during the last few decades. High nutrient loads and
their consequences are recognised as one of the most severe problems faced by Lakes
Võrtsjärv and Peipsi. Lake Peipsi, the fourth largest lake in Europe, with a catchment
area of about 47,800 km² has a residence time of about 4 years.
In order to apply a unified methodology for the analysis of nutrient inputs from point
and diffuse sources in the river system of the Lake Peipsi catchment and their regional
distribution, the compilation of a harmonised database was necessary. In addition, the
database had to be integrated into a Geographic Information System (GIS). The database
comprises:
The digital river net from "Digital Charts of the World" (ESRI, 1:1 Million, 1991/1992)
for the Russian and Latvian part of the Peipsi catchment and the digital river net map of
Estonia (1: 100,000) for the Estonian part.
The digital elevation model as a 100m grid derived from SRTM dataset from the NASA).
This was used for the derivation of the sub-catchments areas and sub-basins.
The sub-catchment borders of the river basin upstream of the stations from the Estonian
national monitoring network. Then the different countries and their shares at the subbasin level the whole catchment area of the Lake Peipsi were subdivided into 129 subcatchments with a size ranging between 5 km² to 6,300 km². The spatial resolution for
the Lake Võrtsjärv subcatchments was higher (48 sub-catchments between 5 and 203
km²) due to the better database and it also has more monitoring stations.
The land use after CORINE Land Cover (CLC) had a resolution of 100x100 m (EEA,
2002). Since such a database is not yet available for Russia, the land cover map of
PELCOM from IRC with a spatial resolution of 1000x1000 m (JRC 2003) was used
for this part of the catchment after adaptation to land cover classes of CLC (see Figure
23).
The digital soil map for Eastern Europe (FAO, 1997) 1:2.500.000 was used for the
characterisation of physico-chemical properties of the soils, e.g. texture and nitrogen
content in the topsoil.
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Figure 5. Landcover within the Narva River basin according to Corine 2000 and Pelcom
map. Classification according the land cover classes used in MONERIS.
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Figure 6. Population density within the municipalities and location of cities larger than
2000 inhabitants in the basin of Narva River, Lake Peipsi and Lake Võrtsjärv.
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The model MONERIS (MOdelling Nutrient Emissions in RIver Systems) is an empiric
conceptional model, which allows the quantification of nutrient emissions via various
point and diffuse pathways into river basins (BEHRENDT et al., 2000; BEHRENDT et
al., 2003).
The basis for the model is data on runoff and water quality for the studied river catchments
and a Geographical Information System (GIS) integrating digital maps as well as extensive
statistical information obstained from different administrative levels. The application of
MONERIS allows for regionally differentiated quantification of nutrient emissions into
river systems which can be shown in GIS generated maps.
Since 2007 MONERIS has developed a new model surface based on VBA - programming. Furthermore, a measuring tool was developed, which has the capability to calculate
the effect of different parameters on the nutrient input into river systems for different
pathways and for different spatial bases. During the last years MONERIS has been
applied for many European river systems (e.g. Axios, Elbe, Danube, Daugava, Po, Rhine
and Vistula, Odra; see BEHRENDT et al., 2004; BEHRENDT et al., 2005; SCHREIBER
et al., 2005, BEHRENDT & DANNOWSKI, 2005) and the total area of Germany
(BEHRENDT et al., 2000).
While the point inputs from municipal waste water treatment plants and from industry
are directly discharged into the rivers, diffuse emissions into surface waters are caused by
the sum of different pathways, which are realised by separate flow components (see
Figure 7). The differentiation of these individual components is necessary because in this
way both in this way the concentrations of materials and the processes are clearly
distinguished from one another. Consequently, seven pathways are considered within the
MONERIS model:
• point sources (discharges from municipal waste water treatment plants and indirect
industrial discharges)
• inputs into surface waters via atmospheric deposition
• inputs into surface waters via groundwater
• inputs into surface waters via tile drainage
• inputs into surface waters via paved urban areas
• inputs into surface waters by erosion
• inputs into surface waters via surface runoff (only dissolved nutrients)
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Figure 7. Pathways and processes in MONERIS.

Furthermore, the retention in rivers, divided in main rivers and tributaries is calculated
and enables a comparison of the input calculations with the observed river loads. The
basis of the spatial resolution is the analytical unit (sub-catchment). Originally the spatial
dis-cretization of catchment areas was designed for subcatchments > 500 km2. Technically
it is possible to achieve a spatial resolution of 1 km², but due to the needs of calibration,
a minimum level of 10 to 50 km² can be achieved at present. The temporal discretization
could be yearly or periodically, depending on the conceptual formulation of the problem.
The integration of a monthly discretization is currently in progress.
Based on the digital catchment areas, the flow direction for every analytical unit is defined
on the basis of hydrological and topographical data. Subsequently, a runoff calibration
can be estimated on the basis of further hydrological data (e.g. precipitation data) and
observed runoff. These results then represent the basis for calculating the diffuse and
point inputs into the river catchments can be calculated with the help of MONERIS
model.
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Point source emissions originate from municipal waste water treatment plants (WWTP)
and direct discharges from industrial plants. For Germany, the regional based estimation
of nutrient discharges from WWTP has been based on the area-based GIS inventories
for 1999. Since this inventory does not cover all treatment plants, discharges from smaller
treatment plants were determined on the basis of district based state information on
outflow nutrients. For these, an almost equal division on the urban areas was employed
and the specific inputs of the smaller treatment plants were multiplied by the area of the
catchment. These values were then added to the treatment plant inventory. The advantage
of this inventory is that the reference to the geographical position of the WWTPs is
available.
The inputs via diffuse sources occur via five pathways:
• Atmospheric deposition on the water surface area: The basis for the estimation of
direct inputs into freshwaters by atmospheric deposition is the knowledge of the water
surface area of a basin which is connected to the river system and the annual deposition
rates.
• Erosion: The sediment and nutrient input via erosion is calculated only for these areas,
which are relevant for the soil loss into rivers. The erosion module was validated with
the suspended load and with the particular phosphorous load of the rivers.
• Surface runoff: The surface runoff is calculated on the base of the surface runoff,
percentage of arable land, grassland and open areas with defined concentrations of
nutrients in the surface runoff for these land uses.
• Paved urban areas: Inputs via paved urban areas are calculated taking into consideration
the regional differences in the sewage system as well as the degree of storage capacities
of the mixed sewage systems.
• Tile drainages: The proportion of drained areas is determined on the base of digitalised
drained areas for representative areas, soil type and soil water conditions. Nutrient
inputs into rivers are calculated from the values for summer and winter drainage discharge
and the nutrient balance of the agricultural area.
• Base flow: Nutrient inputs via base flow are calculated from the nutrient balance of the
agricultural area and the nitrogen concentration in the groundwater with the aid of a
retention function depending on hydrogeological conditions, seepage rate and the
nutrient balance under consideration of the spatial retention times in the catchment
area. Additionally, a method has been developed to quantify the nutrient retention in
the surface water depending on the hydraulic load and the specific runoff of the river
system (BEHRENDT et al., 2000) and modified by VENOHR 2006. Hence, a
quantification of the nutrient load is possible on the basis of the nutrient inputs into
rivers and consequently, a direct comparison with the calculated load of the discharge
measurements and the nutrient concentration of the gauges.
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Discussion
The pathways and sources of the emissions of nitrogen (Figure 8) and phosphorus
(Figure 9) into Lake Võrtsjärv for the periods 1986-1989 and 2000-2003 were estimated.
The average discharge into the lakes was 485 m³/s (Peipsi) and 26 m³/s (Võrtsjärv) for
the whole time period. In the late 1980s, the discharge was about 20% higher than the
long term average, but the period 2001-03 was characterized by discharges which were
about 15% lower than the long term mean. For nitrogen, a change of the total inflow
into Lake Peipsi was estimated from 35 kt/a N in the late 1980s to a state of about 16
kt/a N for the period 2001 to 2003. The overall reduction of total nitrogen load (TN)
of 54% (flow adjusted: 42%) is mainly due a reduction from agricultural sources. For
Lake Võrtsjärv, a stronger reduction of 62% (flow adjusted: 54%) was estimated for
TN (late 1980s: 4.0 kt/a; 2000-2003: 1.5 kt/a) also mainly due to changes in agricultural
inputs. The main source of the TN load into both lakes is agriculture (period 2001-2003:
Võrtsjärv: 47%; Peipsi: 32%).

Figure 8. Pathways and sources of the N emissions into the Lake Peipsi for the periods
1986-1989 and 2000-2003.
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Figure 9. Pathways and sources of the P emissions into the Lake Võrtsjärv for the
periods 1986-1989 and 2000-2003.

The contribution of geogenic background to the TN load is about 20% for Lake Võrtsjärv
and 33% for Lake Peipsi. The proportion of point source discharges and scattered
dwellings to the TN load is low only in the order of magnitude of 9 to 10% this being
mainly due to the low population densities of 18 inhabitants/km² (Peipsi) and 20
inhabitants/km² (Võrtsjärv). With respect to phosphorus, the total load has been reduced
from the late 1980s to the present state by about 52 % for Lake Võrtsjärv (121 to 59 t/
a P) and 35% for Lake Peipsi (1440 to 930 t/a P). Under average flow conditions these
reductions would be lower (Võrtsjärv: 35%; Peipsi: 12%). The main source of the TP
load into Lake Võrtsjärv has shifted from the late 1980s when it was discharges from
waste water treatment plants and scattered dwellings to the present state, where agricultural
activities are the main culprits.
In contrast it was found that the main source of the TP-load into the Lake Peipsi has
remained as discharges from point sources and scattered dwellings over the total time
period. During the second half of the year 2007, the data from the years 2004-2005 will
be added to the database and recalibration of the model will be undertaken based on the
new database. The Estonian and Russian experts will be trained in model application and
the possibilities to calculate different scenarios. The results of MONERIS modelling at
Narva River catchment will be published in a scientific paper.
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2.5 Hornillo Lagoon, Spain
2.5

Municipality of Roquetas de Mar

Introduction and objectives
The Hornillo Lagoon is a very large wetland and it corresponds to the northeast end of
the salinas of Cerrillos. Geographically, the salinas are located in the southwest of the bay
of Almería (figure 1). The Andalusian government passed legistlation protecting the
coastal border between Almerimar and Roquetas de Mar in 1987. The area is a very
valuable bird habitat.

Figure 1. Location and aerial image of the salinas of Cerrillos.

The Salinas are located in a narrow coastal border of about 112 km in length and 1.5 km
in width between Almerimar (El Ejido) and the Marinas (Roquetas de Mar). The entire
area liable to flooding is 600 ha, in which 200 ha corresponds to the municipality of
Roquetas de Mar.
Since the early 60´s, the increase of intensive agriculture led to an excess of water extractions
from the subsoil. The aquifer, called Balerma-Las Marinas, underwent a salinization process,
which nowadays, has led to a decrease in its exploitation. The reduction of water extractions
has promoted its loading and, consequently to a rise in the water level in the Hornillo
Lagoon.
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The importance of the Hornillo Lagoon and its environment derives mainly from three
factors, which do not have any real financial value:
a) The aquatic bird community. The abandoning of the salinas exploitation had a negative
impact for some of the 66 species that use the salinas. The reduction of salinity has lead
the disappearance of several species of shorebirds but has promoted the presence of
the duck community; some of them had been in danger of extinction as has been
previously described. For the Hornillo Lagoon and some of the nearby small lagoons,
the present avian community consists of 34 species, of which 11 are threatened.
b) The existence of elements with an archaeological interest, such as the remains of the
old salinas which originate as do some other similar sites to the Phoenician period.
Roman civilization might have exploited the salinas as well, since salt was used to
preserve fish in along the coast of Almería. The oldest written references date to the
Arabian period.
c) The semiarid landscape of the abandoned salinas environment, which is a habitat of
communal interest, since there are few such landscapes anywhere else in European
Community.

Development of the environmental conditions of lakes and
eutrophication problems
The old Hornillo reservoir relies mainly on the infiltration from the aquifer, with rainfall
being a factor of importance in the basin fold loading. Although, according to the Ramsar
agreement this system should be called a lake, in this research we will use the name
"lagoon" due to the little width of the basin fold neither allows the existence of a term
cline nor the stratified difference of organisms.
The threats, which affect the Hornillo lagoon currently, are derived mainly from three
elements:
a) The Hornillo lagoon and the small lagoons surrounding are closed systems. They have
no connection with the sea or watercourses. Water is lost by evaporation but solids are
kept in the basin fold.
b) Intensive agriculture represents a potential source of nutrients that can be deposited in
Hornillo basin fold. Both the large Hornillo lagoon and the small lagoons are equally
dependent on the aquifer water quality from which they receive most of the water.
Intensive agriculture requires a great deal of inputs such as fertilizers (organic and
inorganic) and pesticides. Greenhouses located on the basin of the superficial loading
lagoon use considerable amounts of these products, which could be easily transferred
to the basin fold for example, by torrential rains. The Hornillo lagoon has not suffered
from a serious eutrophication process. The concentration of nitrates1 reveals that there
1
Ortega Rivas, M. 2001. Impact about Environmental quality of wetlands in Almería.
Proposal of a level of ecological integrity. Doctoral Thesis. University of Almería.
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are average values of 8,40· 10-4 mg/l, nitrites 9,54· 10-5 mg/l, ammonium 9,32· 10-4
mg/l and phosphates 4,84· 10-6 mg/l. However, there is a very serious danger of
eutrophication.
c) The development of the tourist sector around the lagoons has caused to the construction
of houses next to the wetlands. The noise produced by people, the vibration by traffic,
light pollution and the accumulation of solid residues can generate problems for the
conservation of the threatened fauna living on these wetlands.
The danger of eutrophication derives from the interaction shown in Table 1. Rainfalls
are rare and they occur in a torrential way. Although not very frequent, this phenomenon
has an important capability of transferring of agriculture and urban residues, such as
macroscopic particles, e.g. fertilizer- or pesticides particles.
Table 1. Potential factors involved in the eutrophication risk in the Hornillo Lagoon.

Environmental Environmental
Factor
Subfactor

Environmental
Effects

Temperature

In this latitude there are high tempe-ratures
during the whole year, with higher levels in
summer

Rainfalls

Rainfalls are scarce and when appear they
do occur, they happen in a torrential form.
During spring or summer precipitation is
scarce or none.

Topography

Slope

In a general sense, the altitude decreases
progressively from north to south. The slope
tendency is similar. The superficial run-off,
which partially develops into the Hornillo
lagoon, is mainly attributable to a depression
located in the NW area of the wetland. The
slope helps the drainage which occurs by
gravity to the lagoon.

Hydrogeology

Drainage

These lagoons are closed systems. They
result from the aquifer filtration, rainfalls and
superficial run-off, but they have no contact
with the sea. Evaporation is the only system
of water renewal.

Intensive
Agriculture

The north and east area is full of
greenhouses, whose agricultural residues
could be drained to the Hornillo lagoon.

Population

There are two human populations around the
lake: The Solanillo and The Marinas. Although
the first one is less populated, it is much more
interesting because it is located just in the
watershed of the lagoon.

Weather

Soil uses
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History and current lake restoration in Spain
In Spain, the wetlands in general, have always been associated to malaria and mortality
caused by this disease. As a consequence, the wetland drainage was promoted in order to
control mosquitoes and to allow its further agricultural use. This fact has been the main
cause of the wetlands disappearance in Spain. In this sense, the Water Law of 1879
provided state support for drainage of the wetlands. On July 24th of 1918 "the Law of
Desiccation and draining of lagoons, marshes and marshy soils" came into force, which was valid
until 1985, although draining ended long time before.
The Environmental Agency created in1984, has had an important impact in protection
and conservation of the wetlands in Andalusia. The activities around all wetlands are
protected at present. In general, conservation programmes have been directed towards
the vigilance, population control and vegetation restoration in the borders. However,
there is a recognized risk of eutrophication in some fresh water wetlands in Andalusia.
The concern about the water quality has led creation of different organizations that are
currently undertaking research works and implementing the results in the restoration of
wetlands.

Objectives
In the previous chapters it has been stated that the Hornillo lagoon does not suffer a
severe eutrophication process. The P and N concentrations are higher than the normal
levels in inland waters, but they are not an immediate danger to the aquatic ecosystem.
However, the growth of intensive agriculture in the lagoons environment represents a
risk in the medium-long way term that could lead to the eutrophication of the lagoon.
On the other hand, both the local population and the visitors should be aware of the
importance of the area and the species that this one shelters. In this way, the adopted
measures could achieve a major success, and if the citizens' response is maintained, they
can progressively reduce the funds needed else for this kind of actions.
It aims to achieve the following objectives:
1. To avoid Hornillo lagoon eutrophication and the lagoons in its environment by means
of the implementation of appropriate activities.
2. To promote the use and recreation provided by the area, since it represents a direct
way of appreciating the wetland environmental factors and ecological features.

Necessary Actions
In order to fulfil the aims described in the previous paragraph, the following activities are
proposed, planned in four management units (Figure 2) and a follow-up program.
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Figure 2. Management Units.

Management Unit (MU-1)
This area is located in the north of the lagoon and it is the widest region with an area of
330,8 ha. It corresponds to the zone of natural overload of the lagoon and its immediate
environment. It is therefore one of the zones of major importance related to the health
of the wetlands. Taking into account the fact that virtually its entire area is dedicated to
the greenhouse based agriculture, this represents the major potential source of organic
pollution entering the lagoon.
The planned conduct of this unit is based on a Plan of Rural Hygiene with specific
considerations for this zone. These rules are listed below:
1. In the whole design of the Plan of Rural Hygiene, some points for the temporary
collection of residues will be established. These will be outside of the area in the
management unit MU-1. Each collecting point will be exclusively designed for the
temporary storage of certain kinds of residues: plastic, vegetables, bottles, wires and
tubes. In these centers, the storage residues will be classified and compressed until they
can be transferred to the handling centre.
2. The council will establish the collection rules for the residues from the greenhouse: a
certain percentage of the cost to be paid by the farmer and a certain percentage by the
municipality. The transportation of residues to the collecting centre will be an obligation
of the municipality.
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3. The containers to collect residues will not include liquids materials.
4. The width of all the roads should be wide enough to permit passage of the cleaning
machinery (at least 4m).
5. The storage of chemical products will be forbidden in any road. These should be
stored in storage with a level floor, with concrete and lined by walls 0,5 m high with
the access always orientated to the north.
6. The temporary accumulations of organic fertilizers should be carried out in sites with
the same characteristics to those described for the storage places for chemical products.
7. It will be forbidden to bring of new livestocks into MU-1.
8. The unused plots should be fenced in order to avoid the uncontrolled accumulation
of wastes.
Finally, a vegetation fence, as a "green corridor" will limit the perimeter of this zone,
when there will be the growth of shrubs and various tree species

Management Unit 2 (MU-2)
This unit corresponds to the surrounding marshy vegetation of the lagoon and aquatic
birds use this area for nesting. It has an area of 25,37 ha and it is in direct contact with the
greenhouses in its NE and SW margins, where occasional agricultural wastes are detected.
The external perimeter of this zone will be cleaned and fenced in order to avoid the
transfer of large volumes of residues to the lagoon shores. The mesh used will be of
simple wire netting fastened against wooden posts treated in an autoclave, so its visual
impact will be insignificant.

Management Unit 3 (MU-3)
This working unit is directly related to the use of the public use of the Hornillo lagoon.
It intends to highlight its importance as a Natural Area representing an important facet
of the Mediterranean coastal wetlands network. It is situated in the SE of the lagoon
next to a road which provides access to a housing settlement Playa Serena II.
We will carry out a vegetation plantation with an indigenous bushy species capable of
growing to a height larger than a person in order to avoid any visual impact on the birds
from the nearby estate. For this, we will mainly use Tarais (Tamarix sp) and reed (Arundo
donax), which will be planted, around the lagoon shore; there are already some individuals
of these species growing there at the moment.
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Figure 3. Management units 2 and 3 (MU-2 and MU-3).

Figure 4. Final result projected for the working zone MU-4.
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Management Unit 4
In the south of the Hornillo lagoon, this working unit has an area of 81,47 ha but it has
been disturbed as a consequence of sand and gravel excavation. The excavations led to
the creation of small lagoons all around the area.
The lagoons in the north of the zone are flooded with salty water coming from the
aquifer. The ones located in the west and south are flooded with salty water originating
from sea intrusions. Land and marine aquatic birds use these lagoons for feeding, resting
and nesting. In its environment, the rests of residues from the excavations storage of
materials and traffic have damaged the original landscape.
This working unit (Figure 4) will be attended to fulfill three aims at the same time. First,
the restoration and improvement of environmental conditions of the area; second, the
opening to the public use in an ordered way, and third, it must be used to ease the
pressure that people hve inflicted on the Natural Area.
In order to achieve this, the following plans will be carried out:
1. The clean up of urban residues in the entire zone and the installation of bins in pedestrian
and traffic points.
2. Enlargement, by means of dredging of the lagoons. This will benefit those plots
located in the immediate environment which have no vegetation and which do not
show any soil capacity to keep vegetation. The final morphology of the lagoons will
be irregular, with slightly sloping beaches to easy the access of shorebirds. They will
provide small islands in this site to facilitate the bird nesting.
3. Areas for bird watching will be created. This plan is important for raising the awareness
of the population about environmental issues. There will be greater public awareness
since the people can get closer access to the ecosystem.
It is especially important to avoid the introduction of exotic species to avoid the
competition with indigenous species, some of which are facing extinction.
4. The restoration of the original sand vegetation will be carried out by restricting the
access of visitors in order to avoid uncontrolled traffic around the area. One of the
problems that the regeneration of natural vegetation can face is that the soil being
compressed by motorized vehicles. So, it is planned to plough the soil to facilitate the
germination of the seed bank that the soil possesses itself naturally
5. The access to the zone will be arranged by the construction of a walking path next to
a bicycle access. As has been indicated in the previous chapter, their function is to
prevent uncontrolled traffic but still permit access to handicapped people. The traffic
of motor vehicles will be forbidden in the entire zone.
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Monitoring Program
It is necessary to establish a follow-up and quality water control program, not only in the
Hornillo lagoon but also in the lagoons located in MU-4. This program will have the
following characteristics:
1.1 Control of the water width in the lagoon by installing calibrated posts with numbers
which can be monitored from land with a telescope. The posts will be put in the margins
and centre of the lagoon.
1.2 Control of the lagoon physical-chemical characterization. Periodic analyses of the
loading of the Hornillo lagoon and related spots such as in the enlarged lagoons. The
basic analyses features are:
Periodicity:
• Monthly for the three first years
• Three-monthly for the following years
Analysis:
• Electric Conductivity
• pH
• Major cations and anions
• NO2-, NO3-, NH4+, PO43-.
• Total of dissolved solids
• Heavy metals
• Pesticides
1.3 Control of the population of birds and invertebrate of the lagoons. At the moment,
the Hornillo lagoon and its environment are home to species in danger of extinction.
The analyses of the bird census will be expected to establish the evolution and probable
trends of these populations that are usually related, among other factors, with the trophic
resources of the environment: the amounts of invertebrates and aquatic vegetation. The
sampling periodicity must be the same as that of the water analysis in order to study
possible relationships between those two parameters.
1.4 Control of the original vegetation cover restoration program. This part of the control
program will collect information about:
• Evolution of the vegetation cover regenerated in a natural way
• Evolution of the vegetation cover planted from the nursery
• Factors affecting the use of space that can affect the density of the
• vegetation cover.
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Summary of the development in the area
The Hornillo lagoon (64,57 ha) is one of the most important wetlands in the province of
Almería. Apart from its historical importance, there are significant bird communities that
live in the salinas futhermore the semiarid landscape with transient dunes and the large
stands of sabines (Juniperus sabina) and lentiscos (Pistacea lentiscos) were the reason for
its declaration as Natural Area in 1987. Once the salt exploitation was stopped in 1988,
the bay of the lagoon Hornillo has become flooded mainly by the infiltration from the
aquifer Balerma-Las Marinas. A very important fauna community is formed by aquatic
birds; some of the species in danger of extinction are the European Malvasía (Oxyura
melanocephala) and the recently indentified and still scarce focha cornuda (Fulica cristata).
The intensive agriculture development around the lagoon has led to an excess of nutrients
entering in the lagoon thought it does not exhibit any clear signs of eutrophication. This
process of slow eutrophication, is attributable mainly to the intensive agriculture either in
direct forms (aquifer contamination) or by the direct input of nutrients by superficial
flow.
The project presented in this document does not consider any direct interventions on the
lagoon because it does not appear to represent a risk to the fauna and flora that live in the
lagoon. However, it is proposed that a program should be implemented to prevent a
possible eutrophication of the lagoon due to the contribution of external nutrients and
the lack of renovation of removal mechanism for sediments accumulating on the bottom
because the lagoon in not connected to the sea. The planned implementations are divided
into four management units:
• Management Unit 1: To initiate a rural hygiene plan for the storage of residues and in
that way to minimize the superficial load entering the basin.
• Management Unit 2: Cleaning of marshy vegetation of the lagoon perimeter and
fencing of this vegetation.
• Management Unit 3: Arranging of the visitor flow by planting arboreal vegetation to
isolate the zone where people can visit and the construction of observatories for birds
watching.
• Management Unit 4: Cleaning of the environment, enlargement of the existing lagoons,
regeneration of the original vegetation and arrangement of the visitor flow by prohibiting
motorized traffic, construction of foot access and bird watching areas.
Considering the present situation, the projected and the main actors that participate in
this zone, Table 3 shows the principal characteristics of the project for the improvement
and restoration in the Hornillo Lagoon and its environment.
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Table 3. SWOT analysis of the project of restoration and improvement of the
environmental conditions of the Hornillo Lagoon and its environment.

Strengths

Weaknesses

• The project starts from the local

• Current analyses that allow charac-

•
•
•
•

administration.
The territory is Protected Space.
The working equipment is appropriate and there are qualified
workers to deal with problems.
The project will be socially
accepted.
It does not have any negative
environmental impacts.

tenzation of the physical-chemical water
quality are not available in the Hornillo
lagoon.
• Lands are not currently public property.
• The expected effects on the lagoon not
only depend on the action of its load
basin surface but on the whole aquifer
the area of which is much larger (225
km2).

Opportunities

Threats

• The project will provide an

• Lack of understanding between the local

•
•
•
•

•

important improvement (no
modification) in the habitat, what
means the value of the space.
It assures at the local level, the
conservation of fauna and flora
species.
It improves nesting conditions of
aquatic birds.
It can enlarge the archaeological
level of the space.
Local and visitor population can
enjoy the environment and
understand its importance for its
conservation.
New techniques for restoration of
eutrophized methods can be
developed

administration and property owners.
• Lack of understanding between the local
administration and the regional
authrories, which manages the
Protected Area.

This will require seamless cooperation between the public administrations: Environment
Ministry, Council and Andalusia Government. In the same way it is necessary that lands
are made available by property owners.
It has been taken into account that there is not any serious eutrophication problem in the
Hornillo lagoon and, consequently, there has been direct action on this issue. However,
the Council must be prepared for direct action in the future if necessary. This action
could eventually alter the bottom of the lagoon where the ruins of the original "old
salinas" are located.
Finally it is necessary to undertake a detailed analysis of the lagoon's condition in order to
create a definite management plan of the wetland. The physico-chemical analyses available
are from the years 1998-99. The rapid growth of the intensive agriculture during the last
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years and the human impact may well have produced changes in parameters examined
then. Therefore, implementing any activities it is necessary:
• To carry out new physico-chemical analyses in all of the lagoons.
• To determine the composition and density of the vegetation cover around the perimeter.
• To analyse the composition and abundance of microscopic invertebrate flora and
fauna of the lagoons.
• To analyze the composition and numbers of the aquatic bird communities.

2.6 Lake Ferto , Hungary
Centre for Environmental Management and Policy,
University of Debrecen

Introduction and objectives
Temperate and humid climate zones are featured by open, overflow lakes, while enclosed
lakes are characteristics of steppes and deserts and are rarely found in temperate zones.
The largest and most western lake of this kind of enclosed steppic lakes is the Lake
Ferto. With its natural capacity and effect on environment, it must be considered as a
unique phenomenon. It is the only steppic lake of Central-Europe, in that respect it
makes a unique contribution to the European landscape.
Table 1. Data of water regime shows steppic character of Lake Ferto.

Lake
Boden

Lake
Genf

Lake
Chiem

Lake
Wörther

Lake
Fram

Lake
Fertõ

Surface/
Catchment area

1:20

1:13

1:17

1:9

1:57

1:3

Precipitation
(mm)

1000

1200

1500

1000

1300

650

Runoff
coefficient %

80

60

30

325

70

10

Depth (m)

252

310

26

43

90

1,3

Different authors have expressed views concerning the development of the lake. Hassinger
considers Lake Ferto as an ancient arm of the River Danube while Cholnoki and Prinz
think of the erosional activity of the dominating north wind as the main cause of the
development. Based on current knowledge on the development of the Lake Ferto, we
now believe the theory of Zoltán Károlyi that the basin of the Little Plain - at the same
time as the Great Plain - sank in the third age and the basin of Lake Ferto and the Hanság
developed from the depression formed by the different depth of the pontus table
which is a part of this basin.
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There was a time when the lake was considered as "mysterious" as it dries out occasionally
and water emerges only years later. This large fluctuation of the water level is also descibed
in manuscripts from early centuries they refer to the lake as a river.

Background data
According to earlier data the average general surface area of the Lake is 353 km2. According
to Sárány and Vogel the correct data is 322 km2 out of which 240 km2 is Austrian and 82
km2 is Hungarian. The highest water was experienced in 1786 and 1883 of an 515 km2
with a length of 36 km and width of 6 km (11 km wide at both ends). The depth of the
lake is rather shallow compared to its length, the deepest point is 1.2-1.5 m in the current
conditions. The bottom of the lake is totally levelled and flat, only deepens in the centre
of the lake by about 50-60 cm. The average water capacity of the lake is 400 million m3.
Earlier the lake did not have any runoff, water was leaking out to the lake to the Hanság
only if it became overfilled with water. On the other hand, the lake has been drying out
when the evaporation exceeded significantly inflow of water.

Table 2. Watershed of Lake Ferto
õ (km2).

Based on
hydrogelogic atlas

Old Hungarian
data

Austrian
data

Wulka

401,4

433,0

433,0

Other watershed
õ
between Ferto

386,6

294,0

169,0

Surface of
õ
Lake Ferto

232,4

353,0

337,0

Watershed
õ
of Ferto

1020,4

1080,0

939,0

Fertozug

363,0

222,8

363,0

Area taken as
õ
part of the Ferto
watershed
according to
written sources

1383,4

1302,8

1302,0
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The open water of Lake Ferto has a high salt concentration due to the lake's geological
and hydrological characteristics, because of its salt content, the lake is considered a steppelike lake, and the largest of its kind in western Europe. The large salt content fluctuates
over a significant range; the highest total salt concentration can exceed 2500 mg/l in
summer months.
As sodium is present in the form of hydrocarbonate, the lake is often characterized as a
saline lake. The water is alkaline and the pH value is above 8.0. The strong floral
proliferation can cause a further increase in pH value and biogenic lime secession in the
saline lake. For the thirty years prior to 1995/96, there was an almost continuous increase
in the salt content. During that period, half of the water cubic capacity had been last, the
lake shrunk as a result of precipitation.
Those trends are well reflected by the change of specific electric conductivity and the
concentration of sodium ions.
With regard to the oxygen content, the lake can be divided into two totally different
parts, namely the open surface area and the reed belt. While in the open surface area it is
possible to find advantageous oxygen conditions in the water body due to the oxygen
supply from the air, the constant mixing and the relatively low organic loading, the reed
belt is often subjected to oxygen-poor or anaerobic conditions.
The lake can be characterized by a high chemical oxygen demand as a result of the
almost permanent blending of floating substances and humic acids. The quantity of
organic matters is low in the open water areas, reflecting the efficiency of the sewage
treatment programme completed in the middle of 90’s. In transitional zones, particularly
in bays and areas protected from streams it is possible to find an increased loading, an
increase in the amounts of sediments and organic compounds.
In parallel with the opening of the hydrometeorological station of Lake Ferto, water
quality evaluations also have started, particularly those monitoring the water between the
reeds. The monitoring system of the North-Transdanubian Directorate of Environment
and Water measures water quality in every week, two weeks and month in the assigned
open water surfaces, in bays, inner lakes and channels respectively.
Lake Ferto is surrounded by a reed belt of 180 km2. This reprents the largest area in
Central Europe covered by closed reeds most of which have originated since the last
drying period in the 19th century. The reeds have sprouted mainly on the Southern,
Western and Northern part of the lake where its width reaches 6 km. On the Eastern
part of the lake, due to the predominant North-westerly wind, the wave formation and
ice obstruction there is much less reed formation. Recently, more than half of the lake
surface (315 km2) has been covered by reed.
Cyprinidae species are dominant species in the fish fauna of Lake Ferto. In the classifications
of fauna, attention has to be paid to the fact that the time of origin is the last total drying
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Figure 1. Monthly typical and recent period's general water levels.

Figure 2. Orthophosphate concentrations between 1968-2006.
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of the lake in 1868. Other natural processes (catastrophes), like the almost total freezing
of the lake in 1928-29, or the extremely low water levels, e.g. in the autumn of 1929, did
not cause major changes to the composition of the fish fauna. Anthropogenic effects
have larger impacts on the lake - firstly the establishment of Hanság channel has to be
mentioned-, creating an artificial connection with the water system of the River Danube,
permitting the migration of certain species into the area (e.g. Ziege).

Management measures
Rehabilitation works in Lake Ferto have been undertaken in two directions:
1. Prevention of the increase of reed belt to avoid the cutting off of bays i.e. to avoid
the rapid disappearance of the lake. The introduction of a common sluice management
regulation and the raising of the normal water level affected the growth of the reed
beds. The low water levels during past years did not favour this process, in some areas
of the lake (e.g. Lake Herlakni, channels) a special process can be seen when the unity of
reed beds breaks down towards the open water, and smaller patches are formed. The
lack of boat movement also contributed to the closure of channels. The closure of the
sluice gate at Mexikópuszta in the past 10 years, has meant that there is a positive water
balance of the lake. This will hopefully help to achieve the desired water levels in the
sluice management regulations and this will restrict of the growth of reeds in the bays in
2007.
2. The decrease of nutrient loadings of external point sources has been priority task in
the lake management and it is hoped that this will have a positive impact. The decrease
of carbon and plant nutrient loading has been totally resolved within the frames of the
sewage treatment program which was implemented in the catchment area of the lake.
Recently the biological treatment of sewage, the removal of plant nutrients started in the
total catchment area, most of the treated sewage is led away from the catchment area.
The overall program started in the 70s and has recently approached completion.
3. The limiting of diffuse loadings represents a major and this task occupied the
professionals concerned with the rehabilitation of the lake. Research results indicated that
runoff conditions leading to the significant leaching of particular plant nutrient can be
traced to floods exceeding 10%.
The river Wulka has been diverted to the reed belt as well as Rákos stream and this
occurs in an uncontrollable way. Over a period of 10 years, re-dissolving occurred in the
delta of Wulka reeds. An establishment which is intended to restrict the amount of silt
washed off the catchment by erosion has been build at Schützen am Gebierge.
A filter zone of the sewage treatment ground of Fertorákos and Rákos stream has been
established and it has been operating since 2004. The main principle used during the
planning was to ensure the removal of plant nutrients by the elutriation of waters before
the filter zone.
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The enlargement and modernisation of the sewage treatment ground of Sopron, has
meant that since 2007 sewage of Fertorákos and Sopronkohida is treated and placed
outside the catchment of the lake. The filter zone can be used for the prevention of
havaria in the future.
The waters of Rákos gain access the channel of Virágosmajor (emptying into the lake)
through the filter zone of the stream in a controlled way. With respect to the plant
nutriatic, the removal of nitrogen has been significant while the removal of phosphorus
was less successful. The importance of the filter zone is large in case of havaria concerning
the stream, and now the severe pollution of the lake and the growth of reeds is prevented.
The further extension of the program continued under the framework of the Phare
CBC program awarded to the North-Transdanubian Directorate for Environment and
Water to undertake a development of the plan called 'Conservation of the Lake Ferto
ecological potential'. This plan focuses on the decrease of loading of rivers, temporary
running waters and channels and the establishment of sedimentation basins before the
lake.
4. The decrease of inner loading of the lake has been prioritised by both countries, and
this required a common approach and joint research in the field of rehabilitation. As a
result of the initial studies into stream dynamics in the bay of Fertorákos, the dredging
of the Bokor-island has been implemented, and this decreased the accumulation and
algae contents. In the Austrian part of the lake, the experiments conducted in the 80s on
nutrient removal by harvesting the green reeds proved that the cutting doen of reed
rhizome can lead to reed degradation. Winter reed harvest did not result in any significant
nutrient removal.

The Hungarian-Austrian Border Waters Committee
Water management had always an important role in the historical development of the
Lake Ferto and Hanság. This applies both to control of flooding, use of water and,
especially in recent years, water quality. It has long been recognized long ago, that problems
in terms of water management have to be managed not only locally but on a regional
scale. A report as early as 1568 reflects this kind of regional thinking as it links drying out
of the lake to the water drainage in the Répce watershed. Efforts were made from the
middle of the 18th century to increase arable land by regional water management practices.
In 1945, bilateral discussions started about water management in the border area. As a
result of the discussions, in 1956 the "Regulation of Water Management in the Border Area"
contract was signed.
The committee comprising of 4-4 members from both countries, discuss water
management problems and provide practical solutions, control the implementations of
its directions, settle disputes. The committee carries out assessments and can make proposals
to the Governments of the contracting parties.
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Water management has constantly improved after the development of the Water
Convention in the border area of Hungary and Austria. The activities of the HungarianAustrian Border Waters Committee means that even after 50 years the decisions of
questions concerning water management in the border areas are handled by the contracting
parties following current regulations. Decisions also take the needs of the Water Framework
Directive into considerations. The assessment of the state of the lake was accomplished
and joint monitoring systems have been developed.

Involvement of stakeholders
The involvement of stakeholders is especially important from the aspect of the
implementation of WFD, the Directive prescribes this in a specific chapter, and one
form of the open planning process will be the most significant tool to achieve this aim.
The stakeholder meeting organized in Sopron within the framework of Lakepromo
Interreg IIIC project was a great opportunity for the representatives of municipalities,
authorities, national parks, and the Fertõ/Neusiedlersee cultural landcsape (World Heritage
site) from both sides of the border to discuss issues on the past, present and future of
Lake Ferto.

Figure 3. Lakepromo stakeholder meeting in Sopron.
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Discussion
The shallow Lake Ferto is extremely vulnerable to the meteorological changes. The process
going on in wide reed belt are the main determinant of water quality. Changes in the
water level have significantly decreased since water level regulations were put into force.
Based on long-term precipitation data it is obvious that a serious drought (similar to
those in occurred in past years) and a decrease in the water level may occur in the future.
At the same time, flood conditions also can take place as happened in 1965 or in 1996.
The reconstruction of the runoff system has improved to regulate of the water level of
the lake, its level has to be maintained considering the risk of flood and the safety of
undrained runoff. The elevation of the water level decreases the frequency of formation
of a critically low water level, but in case of a long drought period, water levels below
115.20 mAf can occur. At the same time, the elevation of the water level decreases the
extent of natural water level fluctuations.
If one reviews the observations, plans and survey results taken during more than one
hundred years, these confirm the opinions of experts dealing with water management,
nature protection, reed management and fishery:
• due to the unfavourable oxygen conditions, an increase of the fresh water supply of
reeds is recommended, resulting in a decrease of the internal loading of the lake
• reed management is suggested to ensure the sustainable development of reeds
• channel maintenance is required to enhance the habitat and to improve the spawning
grounds for fishes
• detrimental impacts of direct loading of external waters have to be avoided
• there should be introduction of permanent and periodic surface running waters through
the wetlands following sedimentation
• higher water level increase kept can have favourable effects on the water quality and this
can impact of the reeds and can open new opportunities for fisheries
• water supplementation of the lake is not necessary from a ecological point of view
• implementation of sustainable recreational development possibilities is important
As a conclusion, the most important objective is the achievement of good state according
to the WFD and ensuring that it is maintained to provide sustainable development.
Interventions targeting the improvement of water quality between the reeds have to be
implemented within the frameworks of short- and middle-term programmes based on
regular water and sediment sampling.
In adduction to minimizing the internal loadings, the sedimentation of floating substances
of permanent and periodic running waters flowing into the lake before they reach the
lake and there needs to be regular maintenance of these sedimentation basins.
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2.7 Lake Scharmützelsee, Germany
Björn Grüneberg, Ronny Hämmerling and Brigitte Nixdorf;
Brandenburg University of Technology

Introduction and objectives
The pilot area of the department of Freshwater Conservation of the BTU Cottbus was
Lake Scharmützelsee and its watershed, including also Lake Melangsee and Lake Langer
See. All are part of a chain of lakes discharging into river Dahme entering the river Spree
southeast of Berlin (Figure 1). The lakes were formed during last stage of the Pleistocene,
the Weichsel glaciation (~period 20.000 years) by a combination of ice and melt water
erosion.

Figure 1. Topographic map of the Lake Scharmützelsee and Langer See catchment
area.

1. Objectives for the project are related to requirements for development of restoration
and management schemes started in the European Water Framework Directive (EUWFD 2000). For each lake type, the "good ecological status" according to chemical and
biological indicators must be defined. Restoration measures are required if this reference
state differs from the present ecological state. The main tasks were:
• development of an assessment system based on phytoplankton with special regard to
cyanobacterial development
• application to the pilot lakes and interpretation of restoration need
2. The potential natural state is largely influenced by lake morphometry. One unresolved
problem is the assessment of shallow lake basins adjoining deep lakes, which usually
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have a poorer water quality. Since these lake basins are often highly important for recreation
purposes, public awareness of water quality should correspond to the assessment of the
ecological quality for the WFD. This is especially apparent if cyanobacteria have
disappeared from the main lake but still occur in shallow basins. The main tasks were:
• investigation of horizontal differences of trophic indicators in Lake Scharmützelsee
• adaptation of trophic and ecological water quality assessment to the different lake
basins
3. It is essential to understand the factors which determine the present and future trophic
state of the lakes. Therefore, it was necessary to quantify the external and internal nutrient
loading rates as major trigger factors for trophy. For external load estimations, the
MONERIS model (which has been applied for many European watersheds) needed to
be tested and adapted for a small watershed especially for lakes in non-equilibrium after
load reduction. The main tasks were:
• quantification of main sources of P entering the lake (external load, diffuse and point
sources)
• application, verification and adaptation of the MONERIS model
• estimation of the period required to reach the good ecological status and the extent to
which extend the internal loading will delay this process.

Figure 2. Lake Scharmützelsee.

Discussion
Lake Scharmützelsee
For Lake Scharmützelsee it has been found that despite high and almost constant internal
loading since 1994 trophic development is somehow disconnected from these processes
as water quality has significantly improved since 2003. Pelagic P-availability depends more
on organic matter turnover in the water column than on the internal loading. The temporary
increase in the TP-concentration between 1995 and 1999 might be the result of a change
in the fish population, which was discussed with Finnish partners.
The external load is already below the critical load for mesotrophic conditions. As the
main import pathway is groundwater, further external restoration measures are not really
possible.
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Since 2003 (and also already in 2001) the lake has converted to the mesotrophic state
which was concluded from main trophic indicators (TP, Chl a, SD) and also from
phytoplankton composition and biovolume. The reestablishment of macrophytes in the
south basin is evidence of the stabilization of the mesotrophic state. The reappearance
of Chara spp. is especially positive, since the species was typical for this lake before
deterioration of water quality began in the 1950s.
Therefore it is likely that the lake will reach a good ecological status according to the
WFD by 2015. However, this applies only for the southern main basin. The ecological
status of the northern basin is moderate to poor according to the WFD and further
improvements are necessary.

Lake Melangsee and Lake Langer See
For both lakes it was shown that nutrient availability (P and probably also N) is still too
high to permit conversion to the macrophyte dominated clear water state. While emissions
to Lake Langer See will further decrease as the water quality in the whole chain of lakes
improves, P-import into Lake Melangsee is rather constant. The importance of internal
loading could not be quantified. Sediment analyses are required to decide if precipitation
would have a long term impact. Water level drawdown which is an another technique
recommended for shallow lakes (Scheffer 1998) is not possible.
According to Jeppesen and Sammalkorpi (2002), the different fish communities that
develop in phytoplankton dominated lakes play a role in maintaining the existing
conditions. They provide threshold values for external and internal loading rate as well as
cPlake for successful biomanipulation. As both lakes have an annual mean TP below 100
µg l-1, biomanipulation could be one feasible technique in accordance with the to Danish
experience.

Final remarks
The quantification of diffuse nutrient sources in a small watershed with the MONERIS
model still remains difficult. Increase of the spatial resolution of the input data (e. g. soil
types, land cover) and the retention terms for lakes might improve the results.
If one wishes to understand how a lake responds to load reduction, it is important to
appreciate the loading history as this might influence duration and extent of internal
loading. Therefore, we are grateful to acknowledge the contribution of our partners
from Brighton in radionuclide dating of sediment cores for Lake Scharmützelsee. The
importance of paleolimnological studies was also demonstrated by the Finnish partners,
who investigated the eutrophication history to define the reference state for Lake
Kirmanjärvi.
The wide experience of the Danish partner on low lakes respond to reduced external
loading was especially beneficial for our project. Presentations during the workshops
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showing the latest results on this topic as well as personal communications helped to
improve our understanding especially of processes in shallow lakes. During the project,
biomanipulation was identified as a suitable restoration method to promote a conversion
to the macrophyte dominated clear water state for some of our shallow lakes. Discussions
with Finnish partners on our lake data also contributed to this conclusion.
Due to intensive use of Lake Scharmützelsee for recreational purposes, there is an intense
public awareness about the water quality. The chair of freshwater conservation committee
regularly informs about the water quality development and obtains input from local
inhabitants on special observations on the lake. More contacts to local people were
established when inquiries were being made about the historical data on nutrient loading.
It is planned to report on the results of Lakepromo, to inform on the water quality of
the lakes in the watershed and to discuss with local inhabitants at an information day to
be organized at the end of the project. An important aspect will to inform and discuss
expected changes during the conversion to the macrophyte dominated state, as many
lake users are not aware of the fact that macrophytes are an indicator of a good ecological
status. The expected changes of the fish stock and species distribution will also be discussed
with local fishermen. Economic losses might occur as the number of pike will increase
at the expense of pike-perch, and there may well be a decline in the biomass of
benthivorous species. (The pike-perch dominance already established in Lake
Scharmützelsee in the 1930s). An economic gain might result from the already noticed
increase in the size of the bream in the lake. That more can be done in including the
public was impressively demonstrated by the Hungarian partners who managed to obtain
funding for lake monitoring and restoration projects by public sponsorship.

2.8 Lake Tegel and Schlachtensee,
2.8 Germany
Inke Schauser and Ingrid Chorus,
Federal Environment Agency
Introduction and Objective
Water bodies in densely populated areas are intensively used for different purposes,
particularly as recipients for treated sewage, storm water from the separate system and
overflow of the combined sewer system and further for recreation and water supply.
These uses are conflicting, as wastewater recipients tend to have high nutrient loads leading
to eutrophication, which threatens the use for recreation and water supply. Therefore,
many efforts have been undertaken in the past decades to reduce the external loads (Sas
1989, Marsden 1989), sometimes in combination with internal measures to suppress the
internal nutrient cycle (Cooke et al. 1993).
Lake Tegel is an outstanding example for the intensive multiple usage of an urban lake: as
a waterway for shipping, as a recreational area, as recipient of wastewater, but also as
one of the city's major reservoirs for drinking water. Schlachtensee was used as a source
for bank-filtrate in the south-west of the city until 1995, when demand declined due to
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reduced per capita water usage, and remains to be a major recreational area.
However, in the 1970's, heavy eutrophication was a threat to the usage of Lake Tegel
and Schlachtensee as important drinking water resources. Concerns particularly included
the potential break-through of organic metabolites from the heavy phytoplankton blooms,
e.g. taste and odour substances and substrate for bacterial re-growth. To maintain this
close-to-natural water treatment without a need for disinfection, a concept for the
restoration of these lakes was developed aiming at a drastic and quick reduction of the
external phosphorus loads.

Figure 1. Map of water bodies, water works and treatment plants in the Berlin region.

Lake Tegel, situated in a densely populated area of northwest Berlin, is surrounded by a
partially forested watershed with urban land uses that include industrial sites. The lake is
connected to the River Havel along the lake's south-western end (Figure 1); much of the
river flow bypasses the lake, but both mixing of the river water with the lake water and
discharge from the lake to the river occur. Major tributaries to Lake Tegel are the
Nordgraben and the Tegeler Fließ, which enter at the lake's northeastern shore. After a
wastewater treatment plant with simultaneous precipitation had gone in operation in
Schönerlinde (Fig. 1), loading to Lake Tegel declined down to values around 50 t P yr-1.
However, in face of the goal of roughly 1 t yr-1, this was still 1 to 2 orders of magnitude
too high.
Schlachtensee is located in southwest Berlin and is part of the Grunewald lake chain
(Figure 1). Also, Schlachtensee is fed by the highly eutrophic Havel River, because water
is pumped since the 1913 from the Havel into the lake. In the early 1980s, its loading
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amounted to 1 to 3 t P yr-1. The annual target load was estimated to be around 200 kg P
(Schauser & Chorus 2004).
Thus for both lakes, sufficient reduction of the external phosphorus loads could only be
achieved by constructing phosphorus elimination plants to treat the inlets immediately
before their entrance into the lakes. A similar technology had already been installed
successfully at Wahnbachtalsperre in1977 (Sas 1989). As additional internal measures,
aerators were installed in Lake Tegel 1979 and hypolimnetic water was withdrawn during
the end of summer stratification in Schlachtensee (1981-1996).

Measures
Since 1981 and 1985, respectively, the surface water has been treated by the phosphorus
elimination plants (PEP) Beelitzhof (Heinzmann& Sarfert 1990) and Tegel (Heinzmann
et al. 1991) which apply a four step process: precipitation/ coagulation/flocculation sedimentation - post precipitation - filtration. The PEPs reduce the total phosphorus
concentration at the lakes' inlets by 1-2 orders of magnitude, i.e. from 0.3 - 0.5 mg L-1 at
Schlachtensee and at Lake Tegel from up to 5 mg L-1 down to 8 - 20 µg P L-1. The
treatment costs including capital cost are approximately 0.08-0.15 • per m3 treated surface
water. Additionally, an internal measure was applied to Lake Tegel: 15 aerators were
installed throughout the main basin in 1979 to initially counteract anoxia, but later also in
order to oxidise the sediment surface in order to enhance P-retention in the sediments.
This measure was based on the assumption that anoxic desorption of P is a potentially
relevant source of internal P loading.
To accelerate Schlachtensee's response to external load reduction, phosphorus rich,
hypolimnetic water was pumped out of the deepest basin of the lake for a period of
several weeks toward the end of summer stratification from 1981 to 1996. The water
was pumped into the Havel River, where it caused no impact because of its comparatively
small volume.

Results
As described in Schauser et al. (2006a), both lakes were flushed approximately twice a
year with water leaving these plants with only 8-10 µg/L of total P at Schlachtensee and
around 20 µg/L at Lake Tegel. Both responded to the dramatic reduction in external
phosphorus loading with an immediate decline in total phosphorus concentration which
followed a nearly exponential pattern during the first years (Figure 2). However, in Lake
Tegel this recovery slowed down at levels around 100 µg L-1, just enough to start slightly
reducing phytoplankton maxima. Only in 1993, 8 years after the measure was begun,
total phosphorus declined further, and phytoplankton started showing a pronounced
response. In Schlachtensee the phosphorus concentration continued to decline further,
leading to pronounced reduction of the biomass for the first time in 1985, already 4
years after restoration was begun.
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Figure 2. Total phosphorus (black) and chlorophyll-a (grey) concentrations [A] in Lake
Tegel (1984-2004) and [B] in Schlachtensee (1980-2004) [monthly mean values, µg L-1
in 1 m depth] (Schauser et al. 2006a). Note: No data for Schlachtensee from Dec. 2002
- June 2003.

Since 1979, 14 aerators were used to oxygenate the hypolimnion and the sediment surface
in Lake Tegel, thus binding P to reduce internal loading. The periods and intensity of
aeration were different over the years. Comparing the development of hypolimnetic P
concentration with periods of aeration operation does not indicate a relationship (Figure
3). Here, only the years after 1988 are investigated because before that year, the aerators
were working throughout the stagnation period. In most years the P concentration in the
hypolimnion also increased during aeration. Results of sediment analysis show a ratio of
iron to phosphous of around 5 (Schauser et al. 2006b), whereas since the work of
Jensen et al. (1992) it is clear that effective aerobic adsorption of P to iron requires a ratio
above the range of 15. Thus, sediments in Lake Tegel appear to have only a weak
potential for adsorptive binding of iron.
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Figure 3. Mean total P concentration in the upper (0-8 m lake depth) and lower (8-15 m
lake depth) compartment of Lake Tegel, compared with the times and intensities of
aeration (1989-2004) (Schauser & Chorus 2007).

In Schlachtensee, especially in the first years of restoration, the hypolimnetic withdrawal
increased the P-outflow considerably, although due to the small volume of the hypolimnion,
the withdrawal pipe could be operated only a few weeks a year. However, the comparison
between the P content in the lake, the external P load, and the P withdrawn from the
hypolimnion (Figure 4) shows in later years the hypolimnetic withdrawal had only a
minor effect on the total P budget of the lake. In 1981, the withdrawal exported around
200 kg P of the lake's ~1300 kg P content. These absolute amounts and their relative
share of the P content rapidly decreased to 78 kg P in 1982, 18 kg P in 1983, and 10 kg
P in 1984, and in 1996 only 2 kg of the lake's ~40 kg total P content. In comparison, the
annual external load reduction after 1981 was around 1000-1900 kg.

Figure 4. P content [kg], external P load [kg yr-1] and P withdrawn from the hypolimnion,
[kg yr-1] of Schlachtensee (error bars indication withdrawal in either 6 or 7.5 m depth;
Note the logarithmic scale (Schauser & Chorus 2007).
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Conclusion
In Schlachtensee, it was possible to suppress the external load rapidly and sufficiently so
that the lake could reach a new steady state at P concentrations around 20 µg L-1. To
sustain this improvement the PEP Beelitzhof has to remain in operation, as the largescale catchment situation is unlikely to reduce external loading to natural background
levels. The same applies to Lake Tegel for the medium-term future. There, the external
load by the River Havel is meanwhile more important than the load from the PEP Tegel.
This, together with the internal load, leads to pronounced annual variations of the P and
chlorophyll-a concentrations. In addition to continued operation of the PEP Tegel, further
management measures are important:
• to reduce the Havel inflow, the through flow of the PEP has to be kept above a
minimum level of at least 2.2 m³/s, preferably more;
• the temperature at the lake bottom has to be kept low by supporting the stratification
stability (i.e. minimising energy and heat input through aeration), and
• increasing the aerobic P-sorption capacity of the sediment with more oxidised iron
emerges as option to explore in more detail.
Current problems for Lake Schlachtensee are excessive recreational use because of its
good water quality. Shoreline erosion, both from people and from their pets, is a major
issue since it can be a path for nutrient and faecal contamination (Photos below).

Lessons learned from these two case studies for lake restoration in general include the
following:
• Threshold concentrations of total P in the system need to be underpassed in order to
stably establish a lower trophic state. The level of thresholds for reaction depends
somewhat on the depth of the epilimnion, with deeper systems generally sustaining
lower levels of phytoplankton density because of light limitation.
• Consistent restoration approaches require a comprehensive understanding of the system
- at minimum an understanding of its P budget including the role of the sediments,
preferably also of the biocoenotic interactions. Though apparently trivial, it remains
worth emphasising that adequate pre-investigations reduce the uncertainty of predictions
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and improve cost-effectiveness of measures. Not discovered external or internal loads
might spoil the success of the restoration.
• In spite of a meanwhile substantially improved limnological understanding of restoration,
including availability of powerful modelling tools, lakes and reservoirs remain
"individuals", and predictions will always have some remaining uncertainty. Monitoring
response is therefore important in order to adapt the restoration strategy ("fine-tuning").
• Though it is well known that internal restoration measures are rarely sustainable without
substantial concomitant external load reduction, the response of these 2 lakes reinforces
that external measures are far more effective than internal ones. However, the latter can
be used to accelerating the system's response to load reduction.
• Concentrating investment on external load reduction to secure a sufficient external load
reduction is likely to be effective in the medium- and longer term. Planning therefore
must carefully consider whether it is worthwhile waiting a few more years for visible
improvement or starting additional internal measures.
• A quick improvement of a lake or reservoir after external load reduction demands a
long-lasting fixation or an export of the P content of the lake, including its sediment.
One opportunity is the "flushing" of the system with low-P water: the more flushing,
the more rapid a reaction is likely to be achievable.
• As faster and pronounced a success shall be, as more expensive is the measure likely to
be. However, a lake is unlikely to be better than its natural or reference state, except
continued technical measures are used.
• In highly eutrophic peri-urban settings, securing the reduction of the external load in
the long term will often be a technical challenge. The PEP's at Lake Tegel and
Schlachtensee demonstrate that effective technology is available to tackle this challenge.

2.9 Lake area in North Jutland,
2.9 Denmark
Mette Bramm & Inge Christensen,
Environment Centre Aalborg

Danish lakes in general
The typical Danish lake is shallow. Half of the approximately registered 500 lakes have a
mean depth of less than 2 m, and only 3 % have a mean depth of more than 10 m
(Kristensen et al. 1990).
Furthermore, Danish lakes are generally highly eutrophic and turbid, the later primarily
due to extensive growth of phytoplankton. Hence, in 65% of the lakes, Secchi depth is
less than 1 m during summer (Kristensen et al. 1990). Historical investigations as well as
palaeoecological studies, suggest, however, that most Danish lakes were in a clear water
state 50 to 200 years ago (Jeppesen 1998). Since then, the lakes have become more
eutrophic due to high nutrient loading mainly deriving from phosphate-rich sewage and
arable soils. Today by far the most important pressure on lake quality is the intensification
of agriculture constantly going on in the country (since today's sewage plants are very
efficient) causing high nutrient loading and, therefore, eutrophication of the lakes.
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Target lakes
The target lakes in Danish Lakepromo include lakes of variable size, depth and trophy
(table 1, 2). They can be divided into two overall groups according to the type of activity
conducted. Table 1 shows the lakes in which we conducted new investigations such as
chemical and physical analyses, survey of submerged macrophytes and fish. Table 2
shows the lakes in connection where we undertook different activities such as circulating
brochures, management plans, tree cutting and gathering/interpretation of existing data.
Eutrophication caused by agriculture-related nutrients is the common threat to the target
lakes as well to the Danish lakes in general. Thus, most of the target lakes with few
exceptions (i.e. Lake Poulstrup, Lake Præstesø, Lake Øje and Lake Navn) are surrounded
by intensively cultivated land. Furthermore also sewage water and/or rain water runoffs
do cause or at least contribute to an impoverished water quality in several of the target
lakes (i.e. Lake Nols, Lake Farsø and Lake Sjørup).

Objectives
The main aim of Danish Lakepromo is to develop a template for a lake management
plan in full compliance with the EU Water Framework Directive (WFD). To meet the
challenges presented by the WFD, we first have to locate and describe the reasons for the
deterioration of water quality in our lakes, which implies that we have an acceptable
understanding of the general status of the environmental state and development of the
lakes in question. From this follows the need to conduct management plans for the lakes
in order to improve the physico-chemical and ecological water quality and, hence, hopefully
obtaining good ecological quality by the year 2015.
An additional aim is the involvement of the public as public awareness of nature amenities
(in this case lakes) is crucial in the protection and improvement of lakes as well as all
natural habitat types.

Activities within Lakepromo operation time
Several types of activities were conducted within Lakepromo operation time in
accordance with the objectives:
• Monitoring. A total of 8 lakes were investigated in 2005-2006. In all 8 lakes physical
analyses (e.g. Secchi depth, oxygen, temperature) and water chemical analyses (e.g. totalP, total-N, chlorophyll) were conducted monthly from April to September
supplemented with one winter sampling in November. In 4 lakes, additional summer
surveys of submerged macrophyte coverage and fish stock (only Lake Præstesø) were
conducted. In the deep and larger lakes, Lake Sjørup and Lake Navn, the monitoring
of macrophytes involved a diving team.
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The monitoring engaged external expertises: a laboratory for the chemical analyses and a
specialist in macrophytes for identification of mosses and taxonomically difficult
macrophytes.
Table 1 gives an overview of the 8 lakes in question showing also the most important
physico-chemical results.
Table 2 shows the primary results of the monitoring of submerged macrophytes and
fish.
Figure 7 shows the results of the fish stock survey in Lake Præstesø.

Figure 1. Results of the fish stock survey in Lake Præstesø. Absolute (top) and relative
(bottom) abundance (left) and biomass (right) (CPUE, catch in multiple mesh size gillnets)
of caught fish species.

• Different activities. Other lakes, which we have been monitoring recently, have had
a need for different initiatives within the Lakepromo operation project, such as brochures
and management plans with the focus on different problems. This category involved a
total of 6 lakes. Table 3 shows the activities conducted within the Lakepromo operation
project.
• Management plans: Management plans for a total of 5 lakes are commenced implying
the need for gathering of and interpreting existing data and information about the lakes
in question. The aim is to improve water quality in accordance to the objectives. The
management plans involved to different degrees local landowners, local people, local
fishery societies and/or institutions as Danish Institute of Fishery Research, environmental
departments of municipalities as well as that of the County of North Jutland.
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Figure 2. Brochure and box: Lake Poulstrup is a very popular picnic site and, therefore,
is an obvious choice for creating a brochure to increase public awareness and visibility
of valuable habitat sites as well as restoration as this lake has been subject to
biomanipulation (fish removal and stocking of small pike). The brochure and the brochure
box (see photo) were arranged in corporation with the local municipality.

Figure 3. Lake Guldager: The lake receives nutrient rich drain water via a total of 7
drains deriving from intensively cultivated land. The management plan involves (1)
redirection of the drains into the outlet of the lake, (2) fundraising, (3) obtaining acceptance
of the plan from the landowner.
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Figure 4. Lake Hannerup: An incident of fish kills and/or a short-lasting liquid manure
pollution is believed to be the reason for the lake shifting from a clear water state to a
turbid state some years ago. An investigation of the fish stock in 2003 revealed an
unbalanced fish community totally dominated by planktivorous fish. The management
plan involves restoration by removing a minimum of 80 % of the planktivorous fish
stock. Its implementation depends on the approval of all landowners.

Figure 5. Lake Nols: The lake receives sewage water from single houses, rainwater
runoff from a nearby town and diluted sewage water from a sewage plant when heavy
rainfalls occur. The management plan involves reduction of the external loading by
establishing seep tanks in single houses and settling basins for rainwater. The work is
being done in cooperation with the local municipality which is responsible for all wastewater
activities.
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Figure 6. Lake Hornum: Sensitive isoetid dominated clear water lake under increasingly
strong demands from external loading deriving from intensively cultivated land in the
watershed. The management plan involves the development of more sustainable
agriculture, which is based especially in the near-lake areas build on voluntary
agreements with the farmers.

Figure 7. Lake Øje: Sensitive isoetid and moss dominated lake at risk of becoming
subject to acidification and eutrophication due to loading of organic matter from the
surrounding vegetation. The management plan involved tree cutting and clearing of
shrubs close to the lake shore. The plan was implemented in spring 2006.
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Conclusions
The main aim of Danish Lakepromo is to develop a template for a lake management
plan in full compliance with the EU Water Framework Directive (WFD). This we have
tried accomplish by monitoring lakes, and also, by performing additional surveys of
submerged macrophytes and fish stock in some of the lakes. In some lakes we have
already done enough monitoring and surveys to assess the risk of not reaching good
ecological and chemical status in 2015 and, based on that we have been able to propose
management plans.
According to the EU-Water Framework Directive, it is our duty to conduct management
plans during 2007-2009 for all our lakes in risk of not reaching good ecological and
chemical status by 2015. Hence, Lakepromo provided us with a very good opportunity
to be at the leading edge of this work and also, we have benefited very much from the
dialogue with other Lakepromo partners at meetings and seminars.
An additional aim of Danish Lakepromo was to involve the general public. This we
have accomplished in our pilot areas by producing the brochure on Lake Poulstrup and
the setting up the brochure box at the lake site. Also we have involved as much as feasible
the local landowners, local people, local fishery societies and/or institutions as Danish
Institute of Fishery Research as well as environmental departments of municipalities in
the work.

Final remarks
As mentioned in the introduction, the counties in Denmark are now dissolved. Future
work in attaining good ecological quality in the target lakes will the responsibility of the
Environment Centre Aalborg in cooperation with the local municipalities. The primary
tasks of the Environmental Centre in relation to the lakes, is the monitoring of physical,
chemical and biological parameters and the preparation of water and nature management
plans according to the Environmental Objectives Act (i.e. the EU-Water Framework
and Habitats Directives). The new municipalities will be responsible for the implementation
of the management plans as well as the lake restoration activities.

2.10 Lake Pryazhinskoye, Russia
Tatjana Regerand and Nikolai Filatov, the Northern Water Problems Institute
The pilot-object chosen by the Northern Water Problems Institute for the Lakepromo
project - Lake Pryazhinskoye was studied by the researchers of different scientific
disciplines in co-operation with students of the Karelian State Pedagogical University in
the framework of the young scientist's training program.
The Northern Water Problems Institute published the book "Study of water objects and
spatial natural complexes of Karelia" which has been prepared to popularize the results of
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various research projects and gathering of reliable data on the status of water objects
and spatial natural complexes with view to their conservation and sustainable management.
The results of this work have been presented in some articles. First of all a wide overview
of the water resources of Karelia are described in the article "Water resources of Karelia as
an environmental economic factor" (A.V. Litvinenko, Lozovik, P.A., Karpechko, V.A.)
Topical research projects into water management issues in northern areas with high water
availability are reviewed. The structures of the water network of the Karelian hydrographic
district and its specific features are described in detail. The main natural factors (climate,
geological structure, topography, geographic location) that have predetermined these
features and the patterns of formation of the water resources are presented. Qualitative
and quantitative characteristics of the water resources (water volumes in lakes and
reservoirs, streamflow parameters, specific water availability) are examined. The
characteristics of the chemical composition and current quality of surface waters are
reviewed. The effect of all natural traits of the drainage network and water resources on
the trends and specific patterns in the development of water management in the Republic
and major water-related environmental problems is assessed.
The next article "Hydrochemical studies of Lake Pryazhinskoye" (I.Yu. Potapova, Belkina,
N.A., Borodulina, G.S., Lozovik, P.A., Ryzhakov, A.V.) is devoted entirely to Lake
Pryazhinskoye.
Results from hydrochemical analyses were used to produce a description of the chemical
composition of surface water, ground water and bottom sediments of Lake
Pryazhinskoye. The nutrient status and a water pollution index of the lake and the Degens
Brook were determined. Estimation of the groundwater discharge and chemical balance
of the lake is underway. The resistance of Lake Pryazhinskoye to acidification has been
analysed.
Several factors have been noted as being important; scientific results should be disseminated
to the public to educate them about environmental goals, and also about administrative
decision-making and the sustainable development of the region in which this lake is
situated, in our case Lake Pryazhinskoye is in the Pryazha District. One example of this
raising of public awareness is the study material produced by the Northern Water problems
Institut "Producing a virtual nature trail around Lake Pryazhinskoye" (A.V. Tolstikov, Potakhin,
M.S., Bogdanova, M.S.)
The paper relates the history and principles of organizing nature trails. The "virtual"
nature trail is described as a new way to prepare educational and awareness activities by
utilizing newly created digital resources in the form of a multimedia CD or DVD. An
example of how to create the virtual nature trail "Lake Pryazhinskoye" is described. The
book, is structured into two sections - a practical and theoretical sections, which
complement each other and help to depict scientific research as a holistic process, from
planning, organization and implementation using up-to-date techniques and tools to analyse
the information gathered along with a stylish presentation form.
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3 The identified best practices and lessons learned
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3 The identified best practices and lessons learned
3.1 Collaborative planning
The experiences from these different water restoration targets emphasized that to
implement a successful water restoration project, it is extremely important to get all the
main stakeholders involved in the project from the very beginning. These stakeholders include all the
people and organisations that will be influenced by the restoration of a watershed. The
communication strategies that will be used during the processes need to be tailored to
the different target groups. It is not fruitful to try use a "one size fits all" strategy for all
the stakeholders.
The local inhabitants form a heterogenous group as do the involved organisations. For
example in the centre of Kuopio (FI), local inhabitants were not especially interested in
participating in planning meetings even though great efforts were made to interest them.
On the other hand, in the case of Sukevanjärvi (FI), local inhabitants were more active in
participating in the meetings, thus 'village evenings' were found to represent a good practice
in the rural communities. In urban areas, new ideas need to be developed. This is a
common situation in Finland; inhabitants in the urban area are often more passive than
those in the rural communites. The urban inhabitants have a tendency to believe that the
civil authorities in municipalities are solely responsible for the management of urban
waters.
In the case of border lakes, like Lake Fertó (HU) in Lakepromo, the planning of water
management is an especially challenging task, because stakeholders from both sides of
the border need to be involved in setting joint aims and plans. The stakeholder meeting
organised in Sopron proved to be a good start for planning the management strategies.
All the main stakeholders (municipalities, authorities, national parks etc.) from both sides
the border were invited to discuss the issues connected to the past, present and future of
the Lake Fertó. Transparency and open discussions throughout all the planning stages will
increase mutual trust and smooth co-operation between regions.
The good experiences from the Finnish and Hungarian partners presented at the seminars
encouraged for example the German partners to place more emphasis on alerting the
general public and publicizing their activities. Round table meetings with public stakeholders
were arranged in Berlin and informative material on the lake management was circulated to a wide
public. For example in Lake Schlachtensee (DE) intensive recreational use is a serious
threat to the state of the lake and one very important task is to change the behaviour of
the users.
In North Jutland (DK) the methods to involve the public included publication and
circulation of brochures and information signs at the lake site. In the case of the Hornillo
Lagoon (ES) it was revealed as a good practice to build walking and bike routes in the
protected area and to install hide sites for bird watching as well as erecting informative
boards.
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3.2 Models and tools in restoration planning
According to the Water Framework Directive, the ecological status classification evaluation
and monitoring criteria should use variables reflecting the species composition and
abundance of the central biological factors (phytoplankton, aquatic vegetation, zoobenthos,
fish fauna). Moreover, those variables illustrating the physico-chemical and
hydromorphological conditions need to be monitored. Lakes are to be categorized into
types according to their natural characteristics. The harmonisation of the Directive into
the national legislation is a major challenge in new EU-countries, like Estonia and Hungary.
The experiences from 'older' EU-countries have offered some background information
about how this can be implemented.
Before setting the defined goals for the individual restoration plans, all the essential
background and monitoring data of the target need to be gathered. There is a huge
difference between regions and the targets to be achieved and also in the kind of data
available. The nutrient loads from catchment as well as from the sediment are important
parameters in eutrophicated waters. During recent years, some useful models have been
developed to estimate the importance of different nutrient sources and the effects of the
different measures.
Not only in the Estonian target area but also in Scharmützelsee (DE) the MONERIS
model proved to be a very efficient tool for this work. This model considers point sources
(wastewater treatment plants, industrial discharges), atmospheric depositions, inputs into
surface waters via groundwater, inputs from tile drainage, urban areas, erosion as well as
surface runoff. However, the quantification of diffuse nutrient sources in a small watershed,
such as the Scharmützelsee, still needs development. The increase in spatial resolution of
input data and the retention terms might improve the results.
It is important to have data on the nutrient loading history of the lake, because this influences
the extent and duration of internal loading, and these are factors which determine the
success of the measures undertaken to reduce external loading. The UK team described
their good experience on radionuclide dating of sediment cores and this was successfully adapted
to the German target. The paleolimnological studies were also found helpful in clarifying the
history of eutrophication in a lake.
In the Pevensey Levels (UK) special emphasis was placed on the developing methods of
source apportionment. Four methods were used: examination of seasonal nutrient dynamics,
employing boron as a chemically conservative tracer of sewage treatment works effluent
(soluble reactive phosphorus/boron relationship), relationship of determinand with river
flow and mass balances.
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3.3 Development policies and strategies
The Lakepromo-countries consisted of both 'old' EU-countries like Germany, Denmark
along with new EU-countries like Estonia and Hungary. This provided a fruitful platform
to share experiences on different administrative structures and policies.The administration
of water management and restoration is usually divided into many levels (local, regional,
national) and authorities, which may cause very complicated administrative structures
and responsibilities. In most Lakepromo-countries, governmental ministeries are
responsible for national environmental (including water management) policies, strategies
and planning. Environmental, research and development institutes / organisations provide
support in collecting data and background information on the environment such as lakes
and catchments. At the local and regional level, there are more diverse structures in different
countries.
In many countries there is little public financing available for lake restoration projects, but
there is a huge demand. Therefore, there is a need for priorisation of the restoration
targets and evaluation for the efficiency of the results. In Finland, the regional environment
centres have been developing a new priorisation system for lakes which will take into account
many criteria, e.g. special natural values, recreational use, biodiversity, local spatial planning
etc. This analysis will be a very useful supportive tool in the choice of the most critical
restoration targets.
In Spain it was found very difficult to influence directly policy documents or to improve
regional or local policies, but intensive dissemination and discussions have increased the awareness
of local politicians and inhabitants and today water management is better recognized as
an important element in regional development.
In Estonia contacts were made with all environmental centres and they were asked about
their lake restoration activites. The outcome of this survey formed a basis of a seminar
for scientists, environmental authorities including civil servants from the Estonian Ministry
for Environment and other stakeholders. It proved to be a very useful approach; as a
result from these meetings a proposal to alter the Estonian Law of Water was approved.
In the future, the local authorities have to report to the environmental department about each planned
lake restoration activity. Previously there has not been this kind of controlling phase during
planning.
In Germany, local environmental authorities have identified the importance of public
communication in water management. In the future, more attention will be paid to include
climate change and global warming in all regional strategies, this will have the greatest impact on
water management and spatial planning issues. The federal Environment Agency has
been developing WHO guidance on "Protecting Surface Water for Health" and "Toxic
Cyanobacteria in Water", this guidance will be supportive material for decision-makers and
authorities.
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3.4 Information achives
During this Lakepromo project, international seminars were arranged in each partner
country. Each of the seminars was focused on some specific theme and during these
events good informative material was prepared on different topics associated with water
management. This informative material is partly available on the Lakepromo countryspecific information-packages and on the main website http://lakepromo.savonia-amk.fi.
The main themes were:
• European experience of organization and volunteer participation in water management
and restoration (24.-26.11.2004, Kuopio, Finland)
• Cyanobacteria / Good ecological status experiences in Europe (21.-22.4.2005, Bad
Saarow, Germany)
• Balancing the needs of stakeholders in a managed wetland area & Biodiversity
management in wetlands, lakes and coastal areas (26.-28.10.2005, Brighton, The UK)
• Climate change and its consequences at the lakes (17.-19.5.2006, Pühajärve, Estonia)
• The possibilities of waterbodies restoration in Republic of Karelia using the experiences
from Europe (29.-31.8.2006, Petrozavodsk, Russia)
• Protection of wetlands (25.-26.10.2006, Roquetas de Mar, Spain)
• Wastewater treatment in rural areas (21.-22.9.2006, Kuopio, Finland)
• Long- and short-term effects of lake restoration in Denmark based on investigations
conducted during 3 decades (11.-13.4.2007 Aalborg, Denmark)
• Management of Lake Fertó, a border lake (12.-13.10.2007 Budapest, Hungary)
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4 Needs for development and conclusions
The core implementation of Water Framework Directive relies on the participation of all
stakeholders and this provides an unprecedented chance for founding new partnerships to
ensure coherent and effective ways to meet joint goals. However, it is by no means an
easy task to get all the players to speak the 'same language' or to share tasks and responsibilities
in an optimal manner.
The same tools or measures may not always work equally well in different surroundings.
Therefore it is essential to gather a wide range of practical experiences from different
areas and also to collect adequate data on the long-term effects. It seems to be very useful to
tightly link research, education and practical work in all water restoration cases. Special attention
needs to be paid so that decision-makers and authorities are included in the discussions
and they are consistently kept updated. Changes in policies and strategies are often slow,
but active public discussions can accelerate the necessary activities.
The Lakepromo-project collected information on the best practices in eight countries. It
transpired that these countries and regions have gained a great deal of experiences from
different themes in the field of water management, but very little information had been
exchanged earlier between different regions. Information-packages, which were prepared
during this project have been to be useful to the education and research sectors as well as
for authorities and decision-makers. This concept could be useful to be transferred to all
EU countries.
The transfer of experiences and knowhow was very useful between those pilot areas
which had sufficient degrees of common features, such as urban lakes or wetland areas.
It could also be recommended to gather further structured data and experiences from other European
regions. One challenge will be how best and most efficiently to collect and share this
enormous data bank which such now is scattered throughout the European regions.
These kinds of information achives on different themes on lake restoration and management would
increase equality and cohesion of different regions and also promote the competitiveness
of Europe.
The objectives of Water Framework Directive are quite challenging, but certainly it will
be necessary to combine all the resources to achieve those goals. The goal is a good
ecological and chemical state of all surface waters in Europe 2015 - this state would
offer a myriad of ways for relaxation, opportunities for the development different
branches of economic activity and be a valuable heritage to be passed onto future
generations.
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The scientific input of Northern Water problems Institute, the partner if the international
EU project "Lakepromo - Tools for water management and restoration processes
Management and restoration of smaal urban lakes in the City of Kuopio
Eila Pulkkinen
Lakepromo, Pilot area report - Lake Sukevanjärvi
Veli-Matti Vallinkoski, Tomi Puustinen
North Savo Regional Environmental Centre

Lakepromo partners
The Municipal Federation of Savonia University of Applied Sciences, Finland
Savonia University of Applied Sciences is a multidisciplinary institution of higher and
adult education, research and development activities in North Savo. One of its important
roles is to develop the connections between authorities, education, research and business
sectors to promote sustainable progress in North Savo. Savonia University of Applied
Sciences offers multisectoral expertise and flexible networks to this project and acts as
the lead coordinator.
http://www.savonia.fi/eng/
Contact

Arja Ruokojärvi:

arja.ruokojarvi@savonia.fi

Finnish Environment Institute, Finland
Finnish Environment Institute (SYKE) is a national centre for environmental data in
Finland. SYKE has produced brochures on initiating a restoration project, volunteer
monitoring and food-web management to advise authorities, NGO´s, active citizens
and stakeholders. SYKE runs the "Algae-line" phone service on algal and water quality
problems and a national survey on algal blooms and water levels with educated local
volunteers.
http://www.ymparisto.fi
Contact

Ilkka Sammalkorpi: ilkka.sammalkorpi@ymparisto.fi

The City of Kuopio, Finland
Kuopio is the 8th largest city in Finland with nearly 90 000 inhabitants. It is also the
cultural, educational and economic centre of eastern Finland. Kuopio is situated in the so
called Finnish Lake District and one third (400 km2) of its area is covered by water. In
the city area there are many shallow and eutrophicated lakes and several restoration
projects have been carried out during the past 20 years.
http://www.kuopio.fi
Pilot areas Lake Petonen, Village Kaislastenlahti
Contact Eila Pulkkinen: eila.pulkkinen@kuopio.fi

North Savo Regional Environment Centre, Finland
North Savo Regional Environment Centre is the state environmental authority in the
region of North Savo. Its goal is to maintain biodiversity and the well-being of the
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environment by promoting overall environmental benefit and sustainable development.
It has experience in the planning and implementation of lake system renovation in cooperation with the local authorities.
http://www.ymparisto.fi
Pilot area Lake Sukevanjärvi
Contact Veli-Matti Vallinkoski: veli-matti.vallinkoski@ymparisto.fi

Environment Centre Aalborg, Denmark
Environment Centre Aalborg is a regional authority under the Danish Ministry of the
environment. The primary tasks are the monitoring of the environment and the preparation
of water and nature management plans according to the EU-Water Framework.
http://aal.mim.dk
Pilot area Lake area in the North Jutland
Contact Per Schriver: pesch@aal.mim.dk

University of Brighton, United Kingdom
The University of Brighton is a higher education institute carrying out teaching and research
in a wide range of different disciplines. The School of the Environment in particular has
carried out successful Interreg collaborations in the recent past and is actively involved in
contributing to local and regional partnerships relating to environmental issues. It has
already built up a network of interested parties in the field of water management in the
local South East UK area.
http://www.brighton.ac.uk/
Pilot area Pevensey Levels
Contact Huw Taylor: H.D.Taylor@bton.ac.uk

Municipality of Roquetas de Mar, Spain
The Municipality of Roquetas de Mar serves as a local public administration to manage
and administer local politics related to agriculture, social welfare, culture and education,
sports, economy, environment, health, security, and urban planning.
http://www.roquetas.com/
Pilot area Hornillo Lagoon
Contact Mercedes Pomares Valdivia: ambiental@aytoroquetas.org

Estonian University of Life Sciences, Estonia
The Institute for Agricultural and Environmental Sciences at the Estonian University of
Life Sciences is a research and higher education institute. Its main activities are in field of
hydrobiology and hydrochemistry, fundamental and applied research, including
environmental monitoring, fish management, environment impact assessment, lake
restoration and nature protection; research and training. The limnological database includes
material from about 730 small Estonian lakes.
http://www.emu.ee/
Pilot area Lake Võrtsjärve
Contact Lea Tuvikene: lea@limnos.ee

Brandenburg University of Technology, Germany
The Department of Water Protection of the BTU is the centre of limnology and
eutrophication of lakes in Brandenburg. It is the leading institute involved with river
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basin management strategies via projects to develop assessment systems for the
implementation of the WFD in Germany.
http://www.tu-cottbus.de/BTU/Fak4/Gewschu/home.htm
Pilot area Lake Scharmützelsee
Contact Brigitte Nixdorf: b.nixdorf@t-online.de

The Federal Environmental Agency, Germany
The Federal Environmental Agency (Umweltbundesamt, UBA) conducts research and
develops policies for water resource management. UBA has long term experience with
lake restoration, particularly in establishing targets for nutrients, algae and cyanobacteria,
and monitoring response. Current research is addressing possibilities for generalisation
of cause-effect relationships seen in pilot projects.
http://www.umweltbundesamt.de/index-e.htm
Pilot area Lake Schlachtensee and Lake Tegel
Contact Ingrid Chorus: ingrid.chorus@uba.de

University of Debrecen Centre for Environmental Management and Policy, Hungary
The Centre for Environmental Management and Policy's educational, research, expertise
and advisory activities focusses on the fields of Environmental Management and Policy
and Regional Development at the local, regional, national and international levels.
http://www.envm.klte.hu/index_en.php
Pilot area Lake Ferto
õ
Contact Zoltan Karacsonyi: karacsonyiz@envm.undeb.hu

Northern Water Problems Institute of Karelian research Center of RAS, Russia
The Northern Water Problems Institute, Karelian Research Centre, Russian Academy of
Sciences (NWPI KRC RAS) is a scientific organization with the status of a state institution. The main thrusts of Institute activities are fundamental research in the field of hydrology
and adjoining natural sciences and in applied research related to the study, rational use
and preservation of water resources.
http://nwpi.krc.karelia.ru/e/
Pilot area Lake Pryazinskoe
Contact Nikolai Filatov: nfilatov@nwpi.krc.karelia.ru
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