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Presentation
Presentation
In late 2004, the Rhône-Alpes regional council decided to become lead partner of the Alplakes project, a cross-border network
of lakes in the Alps. The decision followed an in-depth exploratory mission that convinced regional politicians of the need to
and advantages of widening to a European scale the approach
to issues raised by the conservation and enhancement of these
great lakes, exceptional features of our natural heritage.
The programme, backed by the European Union’s Community
Initiative Programme “Interreg IIIB Alpine Space” has for three
years brought together a diversity of European partners having
some of the largest lakes in the Alpine arc in their territory, including the regions of Lombardy and the Veneto, the Provinces of
Trento and Belluno, the Tourist District of the Lakes of Piedmont,
the Piedmont Regional Environmental Protection Agency, the
National Institute of Biology of Slovenia, the Land and the Institute for Lake Research of Carinthia.
In Rhône-Alpes, the public interest group of the Great Lake Bourget, the Tourist Information Office of Aixles-Bains, the Lake Annecy Mixed Syndicate and the Rhône-Alpes Tourist Engineering Mission (MITRA), all
institutions that manage and enhance these sites’ rich lakeside spaces and resources, are also involved in the
network alongside the Regional Council. The Provence-Alpes-Côte d’Azur region and the Chablais inter-district
planning authority have for their part joined the network as observers.
The main objectives around which the network has united were to encourage exchanges of experience between
the different levels of local authorities involved in restoring and enhancing lakeside heritage locations, as well
as to initiate joint promotion, awareness or pilot experimental initiatives based on sustainable development
principles.
An initiative of this nature is always a gamble, insofar as the role of the different levels of local authorities and
other public institutions varies considerably from one European country to another, which results in a great
diversity of contexts in which public action is organized. The scope of the research conducted as part of a
comparative approach can thus be limited at times.
That is why I am particularly happy to be given the opportunity to ask you to discover the results achieved by the
operational working party attached to this document.
The work done, carried out according to a rigorous methodology and the fruit of a participatory approach, has
produced very valuable results. Thanks to it we now have a range of information and tools which the network
members will be able to use to inform their citizens and to work out new policies in line with the principles of
sustainable development.
For the Rhône-Alpes region, this work represents a contribution to the implementation of the general principles
it has laid down, both to make Rhône-Alpes an “eco-region” and, through its regional mountain strategy, to
enhance the specific assets of its mountainous areas while respecting their natural and cultural heritage.
I would like to warmly thank all our partners on the programme who have spared no effort to nurture this partnership and ensure a joint production of quality, of which this work is glowing proof.
Sylvie Gillet de Thorey
Vice President of the Rhône-Alpes regional council, responsible for tourism and the mountains
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Presentation
Presentation
In 2004, Lombardy Region joined the European project called “Alpine Lakes Network” – where Rhône Alpes Region is
the lead partner – identifying it as a tool to protect its water
resources that still represent a rich heritage for this territory
and a key factor for a sustainable development.
The project represented the continuation of the work done
by two other projects Lombardy Region was engaged in regarding the lake topic: the River Basin Management Plan and
the Lombardy’s Lakes Observatory Project, both aimed at
protecting and restoring lake environment in view of a multiple and sustainable long-term use of this natural resource.
The Management Plan as stipulated by the Regional Act
No. 26/2003 and the national regulations, was approved in
2006. In this Plan, general objectives on the management of
water resources at regional level, and relevant measures to
achieve them, were set with special regard to lakes and their
multiple use.
The Lombardy’s Lakes Observatory has implemented a system for collecting, storing and handling all data available on
Lombardy lakes, thus becoming a useful tool to increase
knowledge on water quality and highlight the critical aspects,
as well as the priority steps to be taken for protection and
restoration.
The Regional Department for Public Utilities, Networks and
Sustainable Development – relying on the technical and
scientific co-operation with IREALP – has joined the “Alplakes” project and mainly contributed to the topics concerning the quality of lakes and connected environments, by working closely with all the other project partners
and sharing the latest know-how with them.
Centered on a common and shared approach, this activity has led to the development of a system with useful
topics and indicators to characterize the lake territory as a whole, analyzing not only water quality but also the
quality of the whole surrounding area and pinpointing the major anthropogenic pressures and their impact on
water.
Thanks to this work we are able today to have this publication which gives a realistic picture of the status of
lakes. It is targeted at the general public but it also contains plenty of detailed technical information as accurate
as that usually provided to professionals.
As a matter of fact, we believe it is of fundamental importance that public opinion becomes increasingly aware of
lake environmental quality, the activities carried out by the institutions involved in lake management, the actions
currently taken as well as the principles of a sustainable development. Any citizen’s behavior may contribute to
the maintenance and improvement of such beautiful and frail environments if he/she knows and is fully aware
of the best thing to do.

Massimo Buscemi
Regional Councillor
Responsible for Nets, Public Utilities, and
Sustainable Development
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The Project “Alpine Lakes Network” (Alplakes)
Lakes within the alpine space have several aspects in common, thus featuring a specific identity. As a matter of fact, alpine lakes have
common physical, ecological and socio-economic features: they are remarkably important as for culture and are particularly interesting
from the economic and emotional point of view. Therefore, lake bodies are widely used in various ways, and large human settlements with
high population density and many business activities developed in the surrounding areas.
The resulting pressures can have a negative impact on the territory and the lake itself, thus leading to a large-scale challenge: how can
we reconcile the development of the areas around the lakes with preservation of their natural ecological and hydrological assets? Local
and regional authorities have similar problems in managing lakes in the alpine area. Yet, the difficulties they run into and the solutions they
adopted are relatively unknown to both the population and, too often, lake area managers. In this scenario, co-operation projects, like
“Alplakes”, can be a valuable instrument for communication and spread of knowledge.
Alpine lakes network was created in 2005, following the approval of “Alpine Lakes Network” project by the European Union that co-financed
it through European Regional Development Funds.
This network encourages the exchange of information and managerial models among the various stakeholders at regional or local level
through the network itself, so as to help them make strategic decisions, showing the advantages and drawbacks of each model in view
of a sustainable development.

The partners and the lakes network
Many bodies participated in and collaborated on the project. The partners, representing large part of the Alpine region, were: for France,
Rhône Alpes Region (as project lead partner) and Rhône Alpes Regional Tourism Committee; for Italy, the Regional Agency for Environmental Protection of Piedmont Region, the Tourist District of Piedmont Lakes, Lombardy Region, Veneto Region, Belluno Province, the
Autonomous Provincial Government of Trento; for Austria, the Province of Carinthia with the Institute for Research on Lakes; for Slovenia,
the Slovenian National Institute of Biology.
Each partner proposed a number of representative lakes within its territory, where to apply the shared approach developed within the
project. The results reported herein regard just some of the proposed lakes, the ones where it was possible to collect all the data necessary
to apply the agreed approach.

List of lakes:
Region/Province (Country)
Rhône Alpes (FR)

Piedmont (IT)

Lake name
10. Lake Garda
11. Lake Ledro
12. Lake Caldonazzo
13. Lake Santa Croce
14. Lake Misurina
15. Lake Milstattersee
16. Lake Ossiachersee
17. Lake Worthersee
18. Lake Bohinj

Lake Como - Lecco - © Copyright Coordinamento Turistico Lake Como

Piedmont and Lombardy
Lombardy (IT)

Lake name
Region/Province (Country)
1. Lake Bourget
Lombardy – Trento - Veneto
2. Lake Annecy
Trento (IT)
3. Lake Geneva		
4. Lake Avigliana Grande
Veneto and Belluno (IT)
5. Lake Candia		
6. Lake Maggiore
Carinthia (AU)
7. Lake Varese		
8. Lake Como		
9. Lake Iseo
Slovenia (SI)



Lake Maggiore - © Copyright Distretto Turistico dei laghi - Andrea Lazzarini Editore - Stresa

Geographical location
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The reference European legal framework
In the year 2000, the European Union adopted Framework Directive 2000/60/EC to unify and integrate water resources management
actions, with the main objective of safeguarding, protecting and improving environmental quality and favouring a more rational use of natural
resources.
The basic reference unit is the river basin; each member State has to identify single river basins and include them in river districts, which
are the most suitable unit for river basin management.
According to the Directive, a basin management plan has to be drawn up for each district, reporting a description of the main characteristics of the basin, the most significant pressures and impacts, protected areas, the map of monitoring networks (useful to check if set
environmental targets are reached, see art. 4), an economic analysis of water use and a summary of the measures adopted to reach quality
objectives and of the measures and actions implemented to inform and consult the general public.
The quality objective set by the Directive for 2015 is: “good” quality status for all water bodies within the European Union. This aim has
to be reached by limiting and bringing back to background levels all those substances that are considered particularly hazardous for the
environment. Hence, each member State has to be involved in the implementation of all the measures necessary to correctly manage the
river basin, so as to limit pressures and subsequent impacts to a level that does not jeopardise the environmental quality of water bodies.
The Directive highlights the importance of involving the general public in the whole process of devising and implementing the necessary
measures, so as to take into consideration and balance all the interests at stake. This involvement has to be at the local, regional and
national levels to guarantee greater transparency of decision-making processes and favour shared decisions.
As for the implementation of the Directive within the Alpine Space, it has been transposed into all national regulations: in Austria, it was
adopted with Act No. 82/2003, in France with Act No. 338/2004, in Italy with Legislative Decree No. 152/2006, whereas Slovenia adopted
all European Directives when it became a member of the European Union.
Here are the milestones, member States obligations and expiry dates:
- 2000: coming into force of the Directive
- 2003: member States transpose the Directive and identify river basin districts and the relevant authorities
- 2004: characterisation of river basins: pressures, impacts and economic analyses
- 2006: the monitoring network is set up and meetings with the general public are organised
- 2008: the draft river basin management plan is illustrated to the general public
- 2009: the final river basin management plan is drawn up, including the set of necessary measures
- 2010: water price policies are adopted
- 2012: operating measures are drawn up
- 2015: environmental objectives are reached, the first management cycle ends
- 2021: the second management cycle ends (the management plan is reviewed and updated)
- 2027: third management cycle, including revision and update of the water basin management plan.
As previously mentioned, the Directive unites existing regulations. Therefore, over the next few years, a number of Directives will be abrogated, including: the Directive on the quality of surface water intended for the abstraction of drinking water (Dir. 75/440/EEC), the Directive
on freshwater for fish life (Dir. 78/659/EEC), the Directive on shellfish waters (Dir. 79/923/EEC) and the Directive on groundwater protection
against pollution (Dir. 80/68/EEC).
Another five Directives concerning water will instead remain valid, namely: the Directive on urban wastewater treatment (Dir. 91/271/EEC),
the Directive on bathing waters (Dir. 2006/7/EC), the nitrates Directive (Dir. 91/676/EEC) and the Directive on the quality of water intended for human consumption (Dir. 98/83/EC) and the Directive on the protection of groundwater against pollution and deterioration (Dir.
2006/118/EC).
The first of these Directives concerns urban wastewater treatment (Dir. 91/271/EEC) and its main objective is protecting the environment
from the negative consequences of the discharge of urban wastewater coming from built-up areas and of industrial wastewater coming
from the agricultural and food industry. The Directive provides for the setting up of an urban wastewater collection system combined with
an urban wastewater treatment system. It also sets minimum standards for the realisation of sewerage systems and maximum emission
values for the discharge of urban wastewater, according to the type and sensitivity of the area and the size of the plant. As a general rule,
the Directive suggests secondary treatment, though underlining that in case of discharge into sensitive areas, stronger treatment systems
are needed, whereas in case of discharge into less sensitive areas, at least primary treatment must be guaranteed.
According to Article 5 of the Directive, member States have to identify sensitive areas, according to the criteria described in Annex II. These
criteria refer to three types of water environments:
- freshwater, estuaries and coastal waters already eutrophicated or risking eutrophication if no specific protective actions are implemented;
- surface freshwater intended for the abstraction of drinking water with a concentration of nitrates higher than or that could be higher than
50 mg/l;
- areas needing complementary treatment to abide by the provisions of the other Directives (for example: fish farming, bathing and shellfish
waters and waters important for the preservation of species and habitats).
Within these areas, if wastewater coming from built-up areas exceeding 10,000 P.E. is discharged into sensitive areas or the relevant catchment basin, it is necessary to set up more severe collection and treatment systems than secondary systems by December 31st, 1998.
These provisions do not apply to those sensitive areas where it is possible to demonstrate that the minimum percentage of reduction of
10
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the total load of nitrogen and phosphorus is at least 75% for each of the two
parameters.
As for the implementation of the Directive, in 2008, a report on the situation in
the 27 member States of the EU shall be issued.
A report on the 1998 and 2000 implementation deadlines was issued for the
15 member States of the EU (Commission of the European Communities,
2007a). Those deadlines regarded:
- 1998: collection and treatment in built-up areas exceeding 10,000 P.E. discharging effluents into sensitive areas or their catchment basins;
- 2000: collection and treatment in built-up areas exceeding 15,000 P.E. discharging effluents into standard areas;
- 2005: collection and treatment in built-up areas from 2,000 to 10,000 P.E. or
from 2,000 to 15,000 P.E. not affected by the 1998 and 2000 deadlines.
On January 1st, 2003, 8,195 built-up areas had been identified, totalling 470
million P.E. According to collected data:
- the percentage of compliance in standard areas is 79%,
- the percentage of compliance in sensitive areas is 84%.
As for sensitive areas, some member States, including Austria, have identified
none, because they apply more effective systems than secondary ones to the
whole territory, whereas other States, such as Germany, France and Italy, have
identified a series of sensitive water bodies and the relevant catchment basins.
In general, the report highlights that great progress has been made in some
member States, but there still is much delay.
As for the 1998 and 2000 objectives, the compliance rate is currently around
81% and the number of cities (built-up areas exceeding 150,000 P.E.) without a
suitable treatment system passed from 27 in 1999 to 17 in 2003.
Identified problems are generally of three types:
- missing or insufficient information in the reports sent to the Commission;
- missing or unsuitable treatment systems;
- insufficient number of designated sensitive areas.
Currently, just a few Countries, including Germany and Austria, have a compliance rate close to 100%.
The Nitrates Directive (Dir. 91/676/EEC) aims at reducing and preventing water pollution from agricultural sources through a number of
subsequent steps, including the monitoring of water quality in terms of concentration of nitrates and trophic state, the designation of nitrate
vulnerable zones, the implementation of an action plan and the drawing up of a code of good farming practices. According to the Directive,
member States have to identify the areas discharging, either directly or indirectly, nitrogen compounds of agricultural origin into already
polluted waters or into waters that could become polluted owing to these discharges. An action plan to reduce pollution from nitrates and
prevent any other form of pollution has to be drawn up for the areas designated as nitrate vulnerable zones.
According to Article 3 of the Directive, member States have to identify polluted waters and waters risking pollution, according to the criteria
reported in Annex IA. According to this annex, a water body, to be considered polluted, must fall within one of the following groups:
- surface water, especially water intended for the abstraction of drinking water, with or that could have a concentration of nitrates exceeding 50 mg/l, if no specific actions are implemented;
- freshwater, estuaries, marine and coastal waters already eutrophicated or that could become eutrophicated in the near future, if no
specific actions are implemented;
- groundwater with or that could have a concentration of nitrates exceeding 50 mg/l, if no specific actions are implemented.
To guarantee good water status, it is essential to fully implement the Directive.
According to Article 10 of the Nitrates Directive, member States have to send a report to the Commission every four years from its coming
into force, including information on the codes of good farming practices, the areas designated as nitrate vulnerable zones, the results of
water monitoring and a summary of the main features of the action plans drawn up for the identified vulnerable zones.
In March 2007, the third report on the implementation of the Nitrates Directive, based on the information sent by the 15 member States of
the EU for the monitoring period 2000-2003, was issued (Commission of the European Communities, 2007b).
As for farming pressure, as compared to the previous period, there was a 6% decrease in the use of nitrogen fertilisers and a 15% decrease
in the use of phosphate fertilisers. The number of livestock units remained stable as for cattle, sheep and goats, whereas pigs and poultry
continued to increase, as did concentration (number of animals per farm). In general, the nitrogen load of animal origin decreased by more
or less 5%. The estimated organic nitrogen pressure was 7.6 Mtons in the 15 EU member States, whereas estimated inorganic nitrogen
was 8.9 Mtons.
The quality of monitoring and periodic reports improved.
As for water quality, groundwater quality was generally stable or improving in 64% of monitoring stations, even though there was an increase
in pollution from nitrates in 36% of stations and in 17% of stations the concentration of nitrates exceeded 50 mg/l. As for surface water,
nitrate concentration was stable or decreasing in 86% of monitoring stations, thus confirming the trend already observed in some member
States in the previous report.
As for the designation of vulnerable zones, these passed from 35.5% of the territory of the15 EU member States in 1999 to 44% in 2003
and other areas were added after 2003. Some States, like Austria, chose not to identify specific vulnerable zones and to apply the action
plans to the whole territory, whereas other States, like Italy, increased the number of identified vulnerable zones.
Action plans have progressively improved over the last few years and in the next monitoring periods they should contribute more to achieve
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good water quality, even though in some cases there still are technical gaps.
The report highlights that the implementation of the Nitrates Directive is producing good results, but member States have to continue
working to identify vulnerable zones and improve the relevant action plans, so as to fully reach the water quality objectives of the Directive.
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Common problems in Alpine lakes
Pooling the various experiences made it possible to identify major critical factors featuring the alpine lake environment. The alpine area
traditionally was a transit area and a settlement with remarkably developed business activities and, particularly over the last century, tourist
activities that exerted and are exerting a strong anthropogenic pressure within catchment basins and especially near lake areas.
The main problem is linked to the generation of pollutants and their subsequent transport from the basin to the lake water body, where
these pollutants often build up due to long water change time and sedimentation conditions. Main forms of pollution are due to high content
of oxidisable organic substances and nutrients, pathogenic agents and sometimes toxic substances.
One of the most well-known problems - probably the main one – linked to heavy anthropogenic impact and subsequent nutrient-rich (in
particular nitrogen- and phosphorus-rich) discharges, is water eutrophication, a phenomenon already known and widespread since postwar economic boom years. The term “Eutrophication” refers to an excessive nutrient enrichment in the water leading to the proliferation of
algae and higher forms of plants so as to produce an undesirable change in the balance of water organisms and in water quality.
From an ecological point of view, eutrophication processes are highly complex. In brief, the process may produce three different types of
undesirable effects:
- production of a more or less considerable quantity of organic matter consisting of submerged plants (macrophytes) or microscopic algae
suspended in the water mass (phytoplankton), or again consisting of both components, which can lead to real algal blooms;
- reduction in dissolved oxygen up to levels incompatible with survival of aerobic aquatic organisms;
- formation of compounds resulting from anaerobic degradation of organic substances, as well as from a reduced amount of organic
matter in the water and sediments, with appearance of or increase in substances such as nitrites, ammonia, hydrogen sulphide, methane,
phosphorus soluble salts and other compounds arising from fermentation and decomposition processes.
As at our latitudes phosphorus is the limiting factor in the development of eutrophication, we considered this parameter a good lake environmental quality indicator. Therefore, historically when studying lake environments and in particular within project activities, attention was
focused on this parameter, on its evolution over time and on its meaning as a measure of water quality in a lake environment.
High nutrient availability – even when localised – can also entail a change in algal blooms that occur naturally in a water environment when
seasons change. This causes an abnormal development of few algal species that in particular conditions can – among possible consequences – produce toxic substances endangering life of lake animal organisms. These are carcinogenic substances capable of harming
liver function and nervous system function even in human beings, besides other vertebrates. Their effect – not necessarily acute but also
chronic – may not manifest immediately, thus making such substances particularly hazardous.
Besides potential toxicity, blooms lead to a considerable deterioration in lake water quality, because of the creation of smelly substances
due to cyanobacteria and heterotrophic microflora in particular, associated with the bloom. At present, there are no indications on ecological conditions triggering such blooms, and there are no methods or instruments for standardised sampling and suitable for surface bloom
sampling.
Other health problems: when released into the water, pathogenic organisms (such as total coliforms, faecal coliforms, faecal streptococci
and salmonella) can jeopardise water use for drinking water supply or bathing. Among these groups of organisms, just Salmonella organisms are carriers of the main water-borne diseases (typhoid and paratyphoid fevers). As for coliforms, their presence in large quantity does
not strictly have to be considered a sign of pathogenicity, but rather an indicator of faecal contamination and of possible presence of other
bacterial forms that are actually pathogenic, as well as viruses such as hepatitis viruses.
Other pathogenic agents that could be present in water, are protozoa and helminths. The latter category includes Diphyllobothrium latum
that causes bothriocephalosis – an intestinal pathology found in the project area and linked to the consumption of raw fish (carpaccio of
perch).
When helminths are present in water, another pathology is cercarial dermatitis – a significant critical factor for bathing. Cercarial dermatitis
is a patchy red pinpoint skin rash associated with itching. It occurs when the larvae of the parasite penetrate the epidermis.
Besides problems relating to lake water quality, shoreline and water use conflicts are a common matter of great importance.
In large Italian lakes – having a barrage at lake inlet, capable of regulating water level – possible water level regulations for one type of use
or another are a complex matter to negotiate. This is also true for modified lakes or artificial lakes created by building a dam to use stored
water for energy production. When making such infrastructure, further needs and expectations that in any case come up around a water
body, are often not taken into account.
The various users – according to the purpose they use lake water for – need water volumes that vary depending on the period of the year,
thus creating very unnatural filling or emptying conditions that often are in conflict with the expectations of the population living around the
lake. Irrigation, for example, normally requires large water quantities in summer. Hydroelectric power production requires water especially
in summer and winter when there is a higher demand for electric power, thus generating strong fluctuations in lake water level. However,
other lake water uses that are mainly linked to the summer period, like bathing, navigation but also fishing, need to keep water level stable,
as much as possible, so that the public can comfortably use lake shoreline, boats can easily moor to a landing stage or pier, and fish can
reproduce (as fish life cycle can be strongly affected if during egg laying, eggs remain “in the dry” for long periods of time).
Because of these different needs, users’ positions often get in conflict. A far-sighted management of water resources is the only way to
make the different uses coexist.
Moreover, shoreline occupation – often shoreline artificialization – and management of lake surroundings are perceived as a further problem
for lakes in the alpine area.
Managing the area directly close to a lake, may originate problems linked on the one hand to impoverishment of water body environmental
quality and on the other to inability to gain access to lake shores and thus use the lake itself.
Shoreline artificialization due to a strong territorial urbanisation means we are losing shoreline natural functions. As a matter of fact, lake
shore morphology, features and habitats are usually of great importance for ecological dynamics of water bodies, as they function as a filter,
protection against erosion, nutrient (nitrogen and phosphorus) removal, temperature control thanks to shading and regulation of natural
habitats.
Presence of private facilities along the shoreline or of artificial retaining structures such as walls, barriers, etc., is also preventing the public
from using lake shoreline. Consequently, lake use is no longer in the public interest and so the relationship between the public and the lake
13
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ends: people part with the lake and are no longer interested in lake quality.
A far-sighted management of lake shoreline – being in most of the cases a state property given in concession to private citizens – has
to focus on area development to guarantee it is fully and actually used by the public. This is essential to improve health conditions of our
lakes.
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Activities
Activities
Work package 5: a common and shared approach for lakes and the surrounding territories
The project mainly focused on three broad topics: quality, tourism and sustainable development of lake territories.
As for the characterisation of lake environments, this activity tried to develop a common characterisation of lakes, by following a scientific
approach to assess all aspects of lake water quality, lake water use, existing pressures in the surrounding territory and any problems ensuing from the exploitation of water resources. One of the main objectives was comparing the different approaches and methods used in
participating countries by sharing a number of indicators useful to describe in a homogeneous and comparable way the different situations
present in the alpine region.
Some new useful methodologies were proposed and used to improve the characterisation of the environmental and ecological aspects
connected to the lake and its basin.
The results of this activity were a number of publications available on the web site www.alplakes.org:
- Alpine lakes between land and water.
A booklet (in Italian and English) targeted to a large public and including scientific information on alpine lakes written in a simple style to enable all interested people to know the health condition of the lakes included in the project and understand the most widespread problems,
the main uses of water and the impact of man on the lake ecosystem.
- Alpine lakes. A common approach to the characterisation of lakes and their catchment basins.
Technical publication (in Italian and English) targeted to specialists and lake managers reporting a summary of all the activities carried out
and a description of the methods used to provide a common characterisation of the quality of lake environments.
- Cercarial dermatitis and human bothriocephalosis, two parasitic infections common to alpine lakes.
Publication (in French and English) including two monographic studies on the parasitic infections present in some alpine lakes. It was
decided to deal with these topics considering the European and international relevance of cercarial dermatitis and the re-emergence of
bothriocephalosis over the last few years (a disease that was thought to have disappeared in the alpine region).
- Applying the Shore Zone Functioning Index (SFI) to some lakes in Lombardy.
- Applying the Shore Zone Functioning Index (SFI) to some lakes within the province of Belluno.
These two publications (in Italian, available only in electronic format) report the results of the application of this experimental index, proposed in Italy at the national level and developed to describe the natural features of lake shores and their ecological functionality.
- The environmental report. A speciﬁc approach to small lakes and surrounding territory:
A publication (in Italian and English) reporting the results of the drawing up of an environmental balance sheet on some lakes in Piedmont,
useful to provide information on determinants, pressures and the state of the lake environments object of the analysis.
- Conservation of biodiversity in alpine lakes:
Publication (in Italian and English) reporting the results of a study on biodiversity in some lakes in Piedmont.
- Benthic macroinvertebrates community as ecological indicator of lake state:
Publication (in English, only in electronic format) on a study carried out on some lakes within the Autonomous Provincial Government of
Trento, concerning benthic fauna as an indicator to define the structural and functional conditions of the water ecosystem.
- Alpine lakes – Database on restoration measures
Publication (in English) reporting information regarding the main direct restoration measures most used in the restoration planning in the
Alpine arc. The publication reports also the guidelines to use the database reporting monitoring data about some restoration measures
application.

Within the Alplakes project, Work Package 5 dealt with the more technical and scientific aspects linked to the knowledge on lakes and their
basins, by assessing the quality of lake environments, their problems and the pressures existing in lake catchment basins.
One of the main objectives of this activity was defining and implementing a co-ordinated and shared approach to:
- describe alpine lakes and the surrounding environment considering both lake water quality and the pressures existing within the lake
basin, according to the provisions of the European Framework Directive,
- spread collected information to the people dealing with lakes and to the general public.
These general objectives were reached by organising thematic meetings involving all partners and publishing a number of manuals and
guides on the different topics.
The technical and scientific activities led to the proposal of a co-ordinated approach, shared by all partners, useful to try and describe, in a
satisfactory way, the quality of lake water and of the catchment basin from an environmental point of view, so as to provide useful tools
to lake managers to improve water quality and increase public knowledge and awareness on these topics.
A shared approach was put forward to deal with the following issues:
- water quality,
- pressures existing in the basin,
- health problems,
- direct restoration actions.
Even though originally the project aimed at defining an approach for large lakes to be used to devise a specific approach for small lakes,
since the beginning, no clear distinction was made between “large” and “small” and the partners tried to develop an approach that could
be used for all the lakes included in the project.
The reference partner for the carrying out of this activity was the Lombardy Region, with the technical and scientific collaboration of IREALP
and of an ad hoc Scientific Committee, including experts in environmental issues, especially in lakes, from the university, research and
public bodies, set up to give advice during the development of activities and to validate the results of the project from a scientific and
technical point of view.
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The actions of the WP
To meet project requirements, reach set objectives and carry out related actions in the best possible way, the WP5 was divided into 7
different actions:
- A1: Coordination, organisation and animation of international working group meetings in order to ensure a good management of the
WP;
- A2: Inventory of organisations that are involved in data monitoring and processing, planning and management;
- A3: Definition and implementation of a shared and coordinated approach to observe Alpine lakes and lakesides environment about
catchment area pressures according to the WFD;
- A4: Collect and share information about the sanitary aspects regarding the alpine lakes;
- A5: Definition and implementation of a shared and coordinated approach to observe Alpine lakes and lakesides environment about water
quality;
- A6: Classification of the alpine lakes in types according the WFD in order to find suitable indicators for each group of lakes;
- A7: Collection and sharing information about the restoration measures regarding the lakes and presentation of some interventions applied in the alpine area.
Action 1
Objectives
The objective of Action 1, headed by Lombardy Region with the technical and operating support of IREALP, was organising and chairing the meetings of the international working
group. These meetings were useful to deﬁne the content and set the deadlines of the WP to guarantee the correct development of activities.
Work carried out
Over a period of three years, 8 international meetings were organised in which all the partners directly involved in the development of the activities of the WP5 participated. The
meetings were organised in different places in the Alpine region to favour a more active participation of all partners, arouse the interest of local bodies and organisations in the
project, spread the activities of the project, strengthen the partnership and, if necessary, better target activities to answer alpine region needs.
Meetings usually included a plenary session to discuss the progress of the WP and a ﬁeld visit session to share, directly on the territory, the initiatives of the different partners
regarding the topics object of the project.

Action 2
Objectives
This action, headed by Lombardy Region with the support of IREALP, focused on drawing a list of all the bodies that, in the different countries, are involved in the analysis, assessment, planning and management of lake environments. The objective was identifying the main bodies and the relations between them.
The Action also aimed at collecting data and spreading them to reference partners to enable them to implement set activities.
The objectives of the Action also included the setting up of a Committee of experts to deal with the topics object of the project from a technical and scientiﬁc point of view.
Work carried out
The work carried out cannot be considered an exhaustive description of all the bodies linked in one way or another to lake environments. The partners tried to get an overall view,
at the national level, of the structure and competences of the different bodies and organisations, without going too much into detail (excluding speciﬁc examples).
They tried to highlight the differences and similarities between the organisations in the different countries and lay out the network of relations between the different bodies working
in each country.
To draw a clearer picture, the different bodies were divided according to three main groups of activities:
- data collection and interpretation,
- planning,
- management.
Then, the partners tried to identify who, in the different countries, is in charge of collecting and interpreting data, who, according to available knowledge and the European regulations in force, is in charge of legislating, setting quality targets and developing the measures necessary to reach them, implementing existing laws and managing the resources,
either directly or indirectly.
For each partner country, the relations existing between the different bodies, organisations and institutions were explained and graphically illustrated. Linking lake problems or use
conﬂicts and adopted solutions to the different organisational structures can be useful to show how the same problems were tackled differently, with which results and in which
cases the best solution was found.
As for the Scientiﬁc Committee, the WP reference partner set it up to contribute to dealing with and debating the issues object of the WP in general and Action 3 in particular.
Another two Scientiﬁc Committees were set up at SILA to head Actions 4 and 5.
In 2005, two questionnaires were distributed to all partners:
- a ﬁrst general questionnaire to collect information on:
• the list of lakes each partner wished to include in the project
• morphologic data connected to these lakes
• the type of monitoring data collected
• a ﬁrst list of organisations involved in the study of lakes
• a list of common problems
• project expectations
- a second more detailed questionnaire divided by Action:
• A2: description of the structure of the organisations involved in monitoring, planning and managing lake environments,
• A3: general information on the main determinants and pressure sources within the basins of the lakes taken into consideration,
• A4: information on the health problems present in the lakes of the network (cercarial dermatitis, bathing, ﬁsh consumption, water use for drinking purposes),
• A5: information on the scientiﬁc monitoring of lake waters (considered parameters, methodologies and units of measurement used),
• A6: information on the human activities present in the areas surrounding the smallest lakes.
These questionnaires enabled partners to get a ﬁrst general overview of the lakes included in the project and start identifying the information and parameters common to all of them
on which to work to develop a shared approach to analyse lakes and the relevant basins to meet the project requirements.
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Action 3
Objectives
This was one of the most demanding actions within WP5. The main objective of this Action, headed by Lombardy Region with the technical and scientiﬁc support of IREALP, was
the development of a common approach shared by all partners to describe the situation of the catchment basin and the most relevant pressures affecting lakes.
This approach had to abide by the Framework Directive and be developed using useful indicators able to describe the situation thoroughly and exhaustively. These indicators had
to be devised so as to provide useful information to lake managers and be simple enough to be understood by the general public.
Work carried out
Thanks to the questionnaire sent to all partners, it was possible to do a preliminary screening of the data available at each partner regarding the description of the catchment basin
and the main pressures affecting it. The results of this work were illustrated during the ﬁrst biennial conference.
During the project, the partners decided to develop a series of indicators describing in detail:
- the territory and the use of land
- urbanised areas and in particular their civil and industrial components
- sewerage and wastewater treatment systems
- agriculture and animal farming
- protected and designated areas within the framework of speciﬁc European Directives
- water sector
- other general indicators (hydro-thermal-pluviometric).
With the help of a Scientiﬁc Committee, a common approach was developed to appropriately describe the pressures and the level of exploitation of water resources within the
catchment basin, to provide a useful tool to the managers of the basin.
Even though the characterisation of water fell more within Action 5, in this Action some indicators were developed regarding the main uses of the water within the basin and of
lake water; whereas Action 5 dealt with the indicators regarding chemical, physical and biological water quality.
Moreover, an approach was developed, along with a series of simpler indicators to be easily understood by the general public, to enable people to be informed on the quality of
lake waters and in general on the wellbeing of the basin in a simple and user-friendly way. This approach is described in the booklet “Alpine lakes between land and water”.
A new index (the Shore Zone Functioning Index), still being tested in Italy, was also applied with the aim of providing information on the ecological functionality level of the area
around the lake.

Action 4
Objectives
Action 4, headed by SILA, focused on the health problems connected to alpine lake environments.
The main objective of the Action was providing an overview of the health issues affecting the alpine lakes of the network and identifying the main problems with the aim of issuing
speciﬁc documents.
Work carried out
As mentioned above, in 2005, a questionnaire was distributed to identify the most recurrent health issues in alpine lakes: problems regarding bathing, different types of parasitic
infections (cercarial dermatitis, bothriocephalosis), eutrophication of waters and presence of toxic algae, consumption of lake ﬁsh and use of water for drinking purposes.
SILA set up a Committee of experts to better manage the Action and validate issued documents.
The ﬁrst results of the Action were illustrated during the ﬁrst biennial conference of the project, on a day dedicated to the above topics. Thanks to the presentations made by
international scientists and experts, it was possible to take stock of available knowledge in the ﬁeld of research and ﬁght against cercarial dermatitis, through examples of local
management of this issue within the European territory.
During the project, some of the activities within this Action, concerning the analysis of aspects relating to bathing and the use of water for drinking purposes, were transferred to
Action 3 and ad hoc indicators were created to provide useful information on these issues.
The deliverable of Action 4 was a manual reporting the results of the Action and two monographic studies on the parasitic infections identiﬁed in alpine lakes: cercarial dermatitis
and bothriocephalosis. This choice was made considering the world relevance of cercarial dermatitis and the high number of cases reported also in Europe, and the re-emergence
of bothriocephalosis over the last few years (since 1990, new cases of contamination have been reported in scientiﬁc literature), a problem that was thought to have disappeared
in the alpine region.

Action 5
Objectives
The objective of this Action, headed by SILA, was the drawing up of a list of indicators, common to all the alpine lakes of the network, useful to describe in a homogeneous way
the information available on water quality in terms of:
- Physical and chemical parameters,
- biological parameters.
Work carried out
The questionnaire ﬁlled in during 2005 enabled partners to gather detailed information on the scientiﬁc data collected during the monitoring activities involving the lakes of the
network on the following topics: organisation, parameters in use, method, measurement units used to express results.
The ﬁrst results of this activity were illustrated during the ﬁrst biennial conference held in France.
During 2006, a list of common indicators was drawn up, according to the parameters most frequently used by the project partners. A methodological document was issued,
reporting the characteristics of each parameter or indicator considered, and an Excel spreadsheet was created to help all the lakes of the network to homogeneously input the
results of the annual monitoring of each lake. These documents – the results of which are reported in this volume – and the lake sheets, available for each lake of the network,
can be found on the project web site. The spreadsheet is targeted to a technical audience with some limnological knowledge.
During 2007, a list of simpler indicators and a more straightforward layout were devised so as to provide simple, but scientiﬁcally valid, information about the quality of lake water
to a larger public. The result of this work was the booklet “Alpine lakes between land and water”.
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Action 6
Objectives
At the beginning of the project, the objective of this Action, headed by ARPA Piedmont, was transferring the common descriptive approach developed for “large lakes” to “small
lakes”.
However, from the ﬁrst partners’ meetings it emerged that it was difﬁcult to set the requirements to classify a lake as “small lake” and that even supposing that the variables (parameters) useful to classify lakes could be set, it would be difﬁcult to determine the values of these variables necessary to divide the project lakes into the two groups.
Also in the light of the information on lake typology reported in Annex II of the WFD and of the work that was being simultaneously carried out in the Alpine GIG, it was decided that
it would be more functional for the purposes of the project to use the approach proposed by the Directive and try and divide the lakes into groups, according to the suggested
parameters.
Work carried out
During this Action, as in all others, a questionnaire was distributed to all partners to be ﬁlled in with a ﬁrst deﬁnition of small lake and large lake.
As already said, considering the difﬁculty in giving such a deﬁnition and the high level of subjectivity, it was decided that it would be more useful for the purposes of the WP5 and
the project to use the lake typology suggested in the European Directive. Hence, the different systems put forward by the countries in the alpine lakes network (French, Italian,
Austrian and Slovenian methods) were analysed and the possibility of transferring these approaches to the lakes of the project was examined.
This Action also proposed a methodology (Environmental Balance Sheet), to be used only for some lake groups (the smallest lakes), to analyse and describe the pressures present
in the basin. This methodology was applied to some lakes in Piedmont to check its applicability to not too large territories, considering the amount of data required.
Some excerpts of this work can be found in this book, in the lake sheets, in the next chapters; whereas the complete results are reported in the publication: “Environmental Report.
Approach to small lakes and surrounding territory”.

Action 7
Objectives
This Action, headed by the Carinthian Institute for Research on Lakes (Austria), was expressly developed at the beginning of 2006 when the Institute, which was originally an
observer, became partner of the project.
The main objective of the Action was the creation of a database including detailed information on direct lake restoration actions in the alpine region – a tool that could be useful to
lake managers and public administrations involved in lake management, to assess, during the decision-making process, which are the best measures to be adopted to restore
the lake.

Lake Annecy - © Copyright F. Zvardon – ATD 73/74

Work carried out
In 2006, a questionnaire was prepared with the aim of collecting information on any direct restoration actions implemented in the alpine region, their effectiveness, costs and the
reference people to be contacted for any further information or to set up collaborations to set up new restoration projects.
The questionnaire was sent to all partners and known contacts, so as to collect the highest number of examples possible.
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The project
results
The project
results
The bodies involved in lake management
In this context and considering the objectives of Alplakes project, this document does not aim at giving an exhaustive scenario on the
existing relationships among different bodies that are involved on water resources and in particular on lakes at different levels (national,
regional and municipal scale). This description is a summary description useful to stress the main competences and compare the different
bodies and organisations working in the European Countries and regions that are involved in this project.
In this paper we tried and outlined the bodies that are concerned in lakes, depending on three different tasks:
- Data collection and interpretation,
- planning,
- water management.
This could allow us to follow data path from their source to processing and to the outcomes of this assessment at planning and managing level, in order to compare the different roles played by the bodies working in the different countries and regions participating in the
project.

Italy case
The Italian framework concerning the sharing of competences in the water sector and lakes, is very complex. Furthermore in some sectors
there are differences among the various regions.
As for Italian situation, this paper only outlines the main bodies involved in lakes and their competences. Local aspects that often characterise the Italian situation, were not considered.
Data collection and interpretation
As for bodies involved in routine or special monitoring and data collection, regions are competent and use the Regional Agencies for Environmental Protection (ARPA in Italy), called Provincial Agencies for Environmental Protection (APPA) in Trento and Bolzano Autonomous Provinces. Since the end of the 90s, these Agencies have provided Regions with technical and scientific support on environmental information
and control. Therefore, these Agencies are directly involved in collecting data on lake water quality with respect to physical, chemical and
biological aspects, and they also collect hydrometric and thermo-pluviometric data.
The Autonomous Provincial Government of Trento has a different organisation in comparison with the other national Agencies. This difference is due to a different sharing of competences between State and Province, regulated by the Statute of Autonomy.
ARPAs and APPAs form a national network and refer to the Agency for Environment Protection and Technical Services (APAT) that carries
out technical and scientific activities and tasks of national interest to protect the environment, water bodies and soil. This Agency is under
the supervision of the Ministry of Environment.
ARPAs/APPAs work together with Local Health Authorities (ASL or APSS in Trento) in monitoring programs concerning public health aspects such as – in particular for lakes – drinking water for human consumption, bathing and fishing.
For some large subalpine lakes having a water regulation, some ad hoc organisations for lake water level regulation have been established
over the last century, in order to manage in a better way possible water use conflicts. These organisations play an important role in controlling and monitoring lake water level and its changes. Furthermore these bodies play a role in the management of water levels.
Moreover, there are other bodies and public institutions such us Universities or Research Institutes that at local level (on a single lake or
a group of lakes) are involved in specific monitoring programs or actions and can give useful technical information, thus playing a role as
technical and scientific consultant on special aspects usually connected to the research.
Furthermore, other non-governmental organisations (local associations, environmental associations, etc…) that for various reasons are
interested in lake water quality, request or directly carry out monitoring studies.
Worthy of particular mention is the International Commission for the Protection of the Italian-Swiss Waters (CIPAIS), established in 1971.
This commission directly requests monitoring campaigns aimed at better understanding the dynamics referred to particular types of problems. These studies are used by member States to recover and maintain water quality status in lakes Maggiore and Lugano.
Planning
Regarding the competences in this field, the Italian law No. 112/98 has transferred some competences from the State to Regions, with the
possibility of transferring them to the Provinces and Municipalities. In this document, you find a description of the most important competences, as in the various Regions there can be some differences due to the different regional regulations on competence transferring.
In general, for water resources, the State is competent for management of basic planning policies, regulations, transposition of European
directives, as well as management of the so-called basins of national interest. Therefore, the general policies for the planning phase are
given by the State and mainly by the Ministry of the Environment and Territory Protection and by the Ministry of Public Works. On a more
local scale, competences are assigned to Basin Authorities that are mixed bodies made up of both State and Regions, then to the Regions,
Provinces and Municipalities.
Basin Authorities work on large Italian river basins and their task is to allow integrated planning actions at basin level, regarding environmental protection. In the Alpine area, there are three different Basin Authorities: Po River Basin Authority, Adige River Basin Authority and Basin
Authority for Isonzo, Tagliamento, Livenza, Piave and Brenta-Bacchiglione Rivers.
Also Regions play a planning role as for the aspects linked to protection and quality of water bodies, rationalisation of water use and regulation of land use.
Besides Regions, there are many other bodies with planning tasks, regarding at local level the lakes and lakeside areas.
Park bodies plan and manage protected areas. There is also a series of public bodies (Provinces, Municipalities, Mountain Communities)
that manage directly Sites of Community Importance or Special Protection Areas and other protected areas designated at local level.
Provinces are competent in hunting and fishing sectors: they have specific functions on fishing from both planning and managing points
of view. Although the laws on competence transfer are different from one region to another, in general in the fishing sector, guiding and
directing policies for protection and growth of aquatic fauna of environmental interest, regulating amateur and professional fishing, and
control and surveillance activities are competences of the Province.
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Municipalities have territorial jurisdiction as for planning and management of the territory, including the lake shoreline: they plan building
works and land development within overall development plans, they grant concessions on beaches and lake fixtures and carry out surveillance and “water police” tasks.
ATOs (Water management districts) were established in the second half of the 90s and they have competences on integrated water service
that includes water abstraction, processes to treat and turn water into drinking water, water distribution by the public water supply systems
but also collecting systems (the sewerage) and wastewater treatment. Therefore, they play an essential role in restraining the discharges
to water bodies.
The Autonomous Provincial Government of Trento is an exception: the sharing of competences between State and Province is regulated
by the Statute of Autonomy for water resource planning, too.

Data collecting
and processing

Management
In this sector, it is important to underline the role of Provinces and Municipalities regarding the competences they have in the planning
phase such as the faunal aspects in the first case and land management in the second one.
As for the issue of the water diversion concessions – a very important aspect for large regulated subalpine lakes and alpine reservoirs
–Regions or Provinces are competent, depending on the amount of diverted water.
Furthermore, there are other organisations – both public and private – that manage water resources. In some cases, organisations for
hydroelectric power production – as holders of concessions to use water to produce hydroelectric power – control and manage the water
level in alpine reservoirs.
As for the integrated water service management, at the moment there is a very heterogeneous and fragmented scenario on a local scale:
managers usually work at municipal or supramunicipal level.
The Autonomous Provincial Government of Trento has again a peculiar situation: the sharing of the various competences between State
and Province is regulated by the Statute of Autonomy.

APAT

ARPA/APPA
(quality aspects)

ASL/APSS
(sanitary aspects)

Universities and
Research Istitutes

NGOs

Big Lakes water level
regulation Associations

Technical advice role

Ministry of environment and
territory protection

Management

Planning

The Po River Basin
Authority (District)
Regions/PAT1

Parks

ATO (Water management district)

(Protected areas
aspects)

(water supply, sewage system and
wastewater collection and treatment
services)

Hydroelettric
Production
Organisations

Waste water treatment
Managers

Regions
(water uses)

Municipalities
(lakeside aspects)

Municipalities
(lakeside aspects)

Provinces
(fishing aspects)

Provinces
(fishing aspects,
water uses)

Big Lakes water level
regulation Associations

1 The Autonomous Provincial Government of Trento has a different organisation in comparison with the other national Agencies. This difference is due to
a different sharing of competences between State and Province, regulated by the Statute of Autonomy.

The Italian situation
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Austria
Data collection and interpretation
In Carinthia, official water monitoring and data collection are mainly organised and carried out by different departments of the provincial
government of Carinthia. Hydrological aspects like water level fluctuation, flow rate measuring, water supply, flood protection and protection
of water resources are managed by Department 18 – Water Management.
Department 15 – Environment assists local authorities and institutions in environmental issues. This Department is, amongst others, involved in collecting data on lake water quality with respect to physical, chemical and biological aspects. Since 1997, Department 15 co-operates with the Kärntner Institut für Seenforschung (KIS) - Carinthian Institute for Research on Lakes. The Carinthian Institute for Research on
Lakes co-ordinates the activities for lake monitoring and gives technical and scientific support as for environmental information.
Department 12 – Medical Services covers health aspects of the lake monitoring program. They organise sampling and carry out a microbiological analysis during bathing season.
Moreover, some other public and private bodies such as universities, research institutes or agencies, can be involved in specific monitoring
programmes.
Planning
Austrian provinces are partly autonomous in terms of legislation, executive power and administration. The Austrian Constitution defines
legislation power is divided between State and Provinces. Water law is legislated by the State and enforced by the provinces. In general for
water resources, the State is competent on basic policies about planning, regulations, transposition of European directives and management of the so-called basins of national interest. As for the planning phase, general policies are made by the State, namely by the Ministry
for Agriculture and Forestry, Environment and Water Management, the Ministry for Health, Family and Youth and the Provincial Government
of Carinthia. In December 2003, the novel water law 2003 came into force, to transpose the WFD into the existing Austrian water law that
had been enforced for more than a hundred years.
At the beginning of 2004, the “planning spaces” were included in the water law implementing the WFD. This was done to differ more deeply
after the identification of river basin districts (Austria is part of the river basin districts of the Danube, Rhine and Elbe).
Provinces play a planning role as for the aspects concerning the safeguard of water body quality, rationalisation of water uses and regulation of land use.
Municipal authorities are involved in the landscaping of lakeside areas.
Provinces, represented by the environmental protection agency, municipalities and communities, manage directly the Sites of Community
Importance (SCI) or Special Protection Areas (SPA) and other national and regional protected areas.
Provinces have competences in hunting and fishing sectors: they play a specific role on fishing from both planning and managing points
of view.

Management

Planning

Data collecting
and processing

Management
As for the management sector, provinces have the competence to execute Austrian water law. This task is split among the different operating Departments of the provincial government that are involved in the monitoring sector.
The issue of water diversion concessions is up to the subdivision for water rights of Department 15 - Environment.
Furthermore, the “Österreichische Bundesforste AG” – an association that manages public forests and lakes – is involved in lake management as for the commercial aspects, like fishing lease or lake access.
Organisations for hydroelectric power production – as holders of concessions to use water to produce hydroelectric power – control and
manage the water level in alpine reservoirs.

Dep. 12
Medical service
(sanitary aspects)

Dep. 15
Environment
(quality aspects)

Ministry for Agriculture and
Forestry, Environment and Water
Management

Dep. 18
Water management

Dep. 15
Environment

Dep. 18
Water management
(technical aspects)

Provincial Government Carinthia

Dep. 12
Medical service

KIS
Carinthian Institut for
Lake Research
(quality aspects)

Universities,
Public and Private
Bodies

Ministry for Health, Family and
Youth

Waste water
Associations

Österreichische
Bundesforste AG

The Austrian situation
21

France
As for water management, France is divided into six river basins: Rhône-Méditerranée & Corse basin, Rhin-Meuse basin, Loire-Bretagne
basin, Seine-Normandie basin, Adour-Garonne basin and Artois-Picardie basin. They correspond to the five major French rivers (Rhone,
Rhine, Loire, Seine and Garonne) plus River Somme. For each basin, there are two different bodies: the Basin Committee (Comité de
bassin) and the Water Agency (Agence de l’eau) in charge of the management and protection of water resources on a basin scale.
Data collection and interpretation
In France, data on water are mainly collected at river basin level, through various monitoring networks managed by different stakeholders:
Agence de l’Eau (Water Agency), DIREN (Regional Departments for the Environment), DDASS (Departmental directorates for Health and
Social Affairs), CSP (Higher Council for Fisheries), all organised within the National Basin Network (RNB). This network monitors water quality in the basin and helps have a general knowledge on spatial and temporal evolution of water quality. Five sectors are included:
- Water chemical and physical quality,
- Metal and organic micropollutants (plant-protection products, volatile organohalogen compounds, polychlorinated biphenyls (PCBs),
polycyclic aromatic hydrocarbons (PAHs)),
- Water microbiological quality (bacteriological quality),
- Biological quality (benthic macroinvertebrates and diatoms),
- Quality of fish stocks.
The network satisfies the following objectives as for knowledge, balance and information:
- knowing overall quality of watercourses and their evolution,
- highlighting possible new types of degradation in these environments,
- knowing what is needed to implement European and national regulations,
- assessing globally the impact on natural environment by domestic and industrial discharges, by manufactures and diffuse pollution,
- assessing over the long term the impact of the actions taken for the protection and restoration of watercourse quality,
- getting information with respect to all water-related stakeholders, in particular on the general impact caused by human activities, in order
to raise awareness about water resource protection at regional level.
At the end of each annual analysis campaign, data validated by the RNB are reported in the National water-related data bank (BNDE).
Data are made available to the public via Internet, in the DIREN and Water Agency web sites.
Monitoring networks can also be made at local level to monitor water quality in a lake or river, as for the assessment of a management
programme being set up. In this case, networks are managed by Public Institutions of Intermunicipal Co-operation (Etablissements publics
de coopération intercomunale) – like for example SILA for Lake Annecy or CISALB for Lake Bourget) – or even by international organisations
such as CIPEL, the International Commission for the Protection of Lake Geneva, which takes care of monitoring within its Action Plan.
Furthermore, data can be collected by research institutes or universities within specific research programmes. For instance, this is the case
of INRA in Thonon-les-Bains, located on the shores of Lake Geneva, or Savoy University at Lake Bourget.
Water policy and management
In France, the water policy is founded on four principles:
- a global (or integrated) approach taking into account physical, chemical and biological balances of ecosystems: surface water, groundwater, quantity and quality;
- a territory suitable for managing water resources: the river basin district;
- consensus seeking and participation by the various categories of users;
- economic instruments: “polluter pays” or “user pays” principle.
Water policy is defined in agreement among the State, territorial communities (regions and departments) and users.
At national level, the National Water Committee – with advisory function on guidelines and on draft law and regulation texts – consists of
elected officials, representatives from social and economic world and associations.
On a basin scale, basin institutions – i.e. basin committee and water agency – group local elected officials of three territorial levels (municipalities, departments and regions), representatives from social and professional world and from associations, and government officials.
The basin committee formulates and adopts – with prior consent of Regional Councils (regions) and General Councils (departments) – the
Master Plan for Water Development and Management (Schéma Directeur d’Aménagement et de Gestion des Eaux - SDAGE) that for each
basin or group of basins establishes basic guidelines for a balanced water management as for quality and quantity.
These SDAGEs define the main pillars and objectives for water management in order to achieve the targets provided for by the Water
Framework Directive.
Water agencies levy water use fees and ensure financial aids to promote the battle against pollution, a better management of water resources and restoration of aquatic environments.
At sub-basin level, a local commission participates in the formulation of the plan for water development and management, and defines
targets linked to water use in a more detailed way. This local commission consists of a majority of elected officials (50%), users representatives and administration representatives.
At local level, Mayors of French municipalities (36,000) are responsible for drinking water supply and sanitation within their municipality. They
can organise these services at intermunicipal level. They are also responsible for investments: they can benefit from technical and financial
support by the Water Agency and/or the Region and/or the Department. They also choose the management model, i.e. whether services
are managed by municipalities or intermunicipal utilities (syndicats) directly or by private industrial groups.
Local management structures are organised in the form of intermunicipal organisation or mixed organisation that can group municipality,
departments and regions. These structures animate and implement managing policies for aquatic environments, gathering all stakeholders
within their territory (river basin, bay, groundwater…) and using SAGE (plans for water management at sub-basin level) procedures, river
contracts, etc..
Peripheral State structures act as “water police” and enforce governmental policies as for regulatory and technical aspects:
- the regional departments for environment (DIREN), the Regional Directorates for Industry, Research and the Environment (DRIRE) at re22

gional level,
- the departmental directorates for health and social affairs (DDASS), the departmental directorates of agriculture and forestry (DDAF), the
departmental directorates for the equipment (DDE) at departmental level.
Their action is co-ordinated by Water Technical Regional Committees (CTRE) on a regional scale and by Interdepartmental Water Service
Missions (Missions Inter-Services de l’Eau - MISE) on a departmental scale.
For example: the departmental directorates for health and social affairs (DDASS) are in charge of control on quality of supplied water and
bathing water.
According to their competences, these bodies examine dossiers on applications for:
- concessions to use watercourses and waterfalls, in particular for small power plants,
- restoration of rivers, lakes and water bodies,
- extraction of materials and gravel,
- water abstraction for various uses,
- wastewater discharges and spreading of sludges,
- opening of dumps,
- exploitation of plants being classified as hazardous or unhealthy.

Data collecting
and processing

The Higher Council for Fisheries (CSP) offers its technical expertise to Administrations in charge of freshwater fishing regulation, to fishery
associations and local communities. Its water bailiffs have powers to control fishing, water and aquatic environment.
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SILA: Syndicat Mixte du Lac d’Annecy
CIPEL: Commission Internationale pour la Protection des Eaux du lac Léman
DRAF/DDAF: Direction Régionale/Départementale de l’Agriculture et de la Forêt
DRIRE: Direction Régionale de l'Industrie, de la Recherche et de l'Environnement
DIREN: Direction Régionale de l’Environnement

(water police, navigation…)
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water management + National
Education (environmental education for
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water police, aquatic
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Associations:
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CISALB: Commission Intersyndicale pour l’Assainissement du Lac du Bourget
CSP: Conseil Supérieur de la Pêche
DRASS/DDASS: Direction Régionale/Départementale des Affaires Sanitaires et Sociales
DRE/DDE: Direction Régionale/Départementale de l’Equipement

The French situation

Slovenia
Data collection and interpretation
In Slovenia, official water monitoring and data collection are organised and mainly carried out by different departments of the Environmental Agency (EA) – a body of the Ministry of the Environment and Spatial Planning – and partly by the National Institute of Biology. Water
Quality Division of the Monitoring Office (EA) collects data and carries out analyses on lake water quality with respect to physical, chemical
and biological aspects, at its Chemical Analysis Laboratory and Biological Laboratory in Bled. The National Institute of Biology analyses
zooplankton and macrophytes in the lake. The Monitoring Office (EA) co-ordinates the activities for lake monitoring, gathers all data and
draws up the annual reports on the ecological status of the lake. Since 1997, Lake Bohinj has been regularly monitored, and since 2007
such monitoring is in compliance with the European Water Framework Directive. During bathing season, the Water Quality Division of the
EA monitors the quality of bathing water. This monitoring activity started in 2004, in accordance with WFD. Anglers’ Association of Bohinj
is surveying the fish stock in the lake and tributaries.
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Planning
In Slovenia, protection and improvement of the quality of the environment, protection of public health and rational use of natural resources
are covered by the Constitution and the Environmental Protection Act, and are in accordance with the European Union Environmental
Legislation. The State bodies that are involved in legislation and planning are the Parliament, Ministry of the Environment and Spatial Planning, Ministry of Agriculture, Forestry and Food and Ministry of Health. Responsibilities and activities of the Ministry of the Environment and
Spatial Planning relate to the protection of the environment and nature, spatial planning and ensuring that various acts passed by local
communities are in line with national legislation. Within lake management, the following acts are important: the Nature Conservation Act, the
Water Act and the National Programme for Environmental Protection. Responsibilities of the Ministry of Agriculture, Forestry and Food relate
to the planning and legislation on agriculture, forestry, veterinary medicine, hunting and fisheries. By directive of this Ministry, the Fisheries
Research Institute prepares the general Fishing and Breeding Plan – a long-term plan for breeding, protection and technical solutions for a
sustainable management of fishing districts – while the Anglers’ Association of Bohinj plans and controls the actual use of fish stock. The
Ministry of Health copes with problems relating to drinking water, bathing waters, air, soil and vibrations and to waste management from
health protection point of view. The Urban Planning Institute contributes by expert knowledge to regional lakeside planning, while the Slovenian Forest Service prepares forest and hunting management plans in the lake catchment area. The main function of Triglav National Park
body in the Bohinj area, as well as in the rest of the park, is the protection of natural and cultural heritage. The new Act on Triglav National
Park is in preparation. The role of the Municipality of Bohinj is to pass different decrees on lakeside area management, which have to be in
accordance with other governmental Acts.
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The Slovenian situation

24

Ministry of
Health
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processing

Management
As for the management sector for Lake Bohinj, municipal authorities – together with TNP body – play the main role and have to follow the
Water Act, the Nature Conservation Act, the Act on Triglav National Park (TNP) and others. The Nature Conservation Act lays down biodiversity conservation measures and a system to protect valuable natural features. The Water Act establishes exploration permits, water
rights, water monitoring and revitalisation, while the Act on TNP will focus on natural heritage protection. The most important mission of TNP
is to protect nature and to promote sustainable development. Similarly, the Institute for Nature Conservation makes sure that any action
taken in the lake area and the lake itself, complies with the existing legislation.
Local Tourist Organisation (LTO) plays a role in formulating a strategy for sustainable tourism development in the lake area.
Fishing in the lake and tributaries is managed by Anglers’ Association of Bohinj.
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Identiﬁed health problems
The technical manual entitled “Cercarial dermatitis and human bothriocephalosis, two parasitic infections common to alpine lakes”, developed within Action 4 (health aspects) and concerning the analysis of the main parasitic infections identified in alpine lakes, is targeted to the
people involved in the management of lake water, to technicians dealing with health aspects and to anyone interested in this topic.
The manual reports all existing material and data on cercarial dermatitis and bothriocephalosis to provide useful and practical information
and increase available knowledge on these two issues.
Different aspects are taken into consideration: scientific knowledge, European framework, control and fight methods, existing experiences.
Even though these problems, in particular cercarial dermatitis, generally have no direct link with water quality, considering the importance
of bathing in lakes, the guide also reports information on bathing regulations.
Bathing regulations within the “Alpine Lakes Network”
All European Union member States must apply Council Directive 76/160/EEC on bathing water quality. The Directive lists nineteen chemical, physical and microbiological parameters concerning the quality of bathing waters and, through these parameters, identifies three
classes. Some countries of the network have national laws on bathing waters that are more restrictive than European regulations (Slovenia,
France, Italy). Switzerland, which is not part of the European Union, has not applied the 1975 Directive, but since 1991, it has modelled
its recommendations on its content.
To harmonise and streamline legislation, the European Union drafted a new Directive in 2006 to improve cohesion between the different
countries. This Directive (2006/7/EC) was published in the Official Journal of the European Communities on March 4th, 2006 and came
into force on March 24th, 2006. It is gradually replacing Directive 76/160/EEC of 1975 and must be transposed and implemented by
member States by March 24th, 2008. Bathing waters are classified and divided into 4 different classes of water quality, according to 2
reliable bacteriological parameters.
Cercarial dermatitis (or duck ﬂea)
Cercarial dermatitis, a parasitic infection affecting bathers,
is caused by the subcutaneous penetration of a small trematode parasite (Trichobilharzia sp.). Reactions – with intensity and duration varying according to affected people
– are generally featured by rash accompanied by erythema
and itching.
Cercarial dermatitis is widespread world-wide. In Europe,
numerous lakes are more or less affected by this parasitic
infection.
The life cycle of the parasite responsible for the dermatitis
passes through a water bird (final host) and a shellfish (intermediate host) – the Lymnaea.
When a bather, or a mammal in general, is hit, the parasite
cannot complete its cycle; this is what we call “parasite
impasse”.
In Europe, two types of shellfish of the Lymnaeidea family
Source: SILA
(Radix and Lymnaea) participate in the parasite cycle as
intermediate hosts. These species are usually found in all
water bodies, but have some ecological preferences that it is essential to know to understand cercarial dermatitis and develop methods
to fight against it.
As for the final host, the one with the highest rate of parasitism is the mallard (Anas platyrhynchos), even though many other species can
be affected by the parasitic infection.
The techniques used to fight against this parasitic infection are reported and commented in the guide and integrated with the information
coming from the experience gathered on the issue.
The general objective, that is stopping or hindering the parasite life cycle, can be reached at the level either of the intermediate or the final
host or, more rarely, directly at the level of the parasite. There is no single solution, but methods are often complementary and must be
adapted to the situation, which is why is it important to know the territory and often it is necessary to carry out scientific analyses to draw
a map of lake habitats (substrate, water plants, depth…), look for shellfish foci, identify the areas of bird concentration, etc… The main
methodologies enabling lake managers to make a first diagnosis are described in the guide.
Information to the general public and awareness raising are also fundamental aspects in managing the cases of cercarial dermatitis. The
most used tools include leaflets and information boards on the beaches.
Bothriocephalosis
Bothriocephalosis is an intestinal parasite caused by the ingestion of raw or half-cooked fish, usually freshwater fish, containing the larvae
of a cestode parasite (Diphyllobothrium latum).
Its life cycle is complex and includes many intermediate hosts: a copepod crustacean (4), a carnivorous fish, like perch, pike or char (5)
and a final host which is a fish-eating mammal (man, dog, cat, fox…).
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The parasite is a very long flat worm (from 2 to more than 10 m long), living in the intestine
and eating digestive content. When it becomes an adult, it can produce up to one million
eggs a day, that are eliminated through the faeces.

Lake Lemano

As for the general symptoms, the parasitic infection manifests by causing gastro-intestinal problems such as diarrhoea or abdominal pain or through a food deficit. The parasite
can be easily eliminated by taking the drugs normally used against the parasitic worms
of the intestine.
The “historical” centre of this parasitic infection are the Scandinavian and Baltic countries,
but the phenomenon seems to be re-emerging in French, Swiss and Italian alpine lakes,
where there are new cases every year. Part of these cases are related to the way raw
fish – carpaccio, sushi or marinated fillets – is prepared. The parasite larvae encysted in
the fillet are killed only if they stay for at least five minutes at a temperature exceeding 55
°C or if they are frozen.
Currently, there are no examples of control and fight methods at the level of intermediate
Source: J. Dupouy-Camet
hosts.
The cycle can be maintained by directly discharging domestic waste into the lake, since waste transmits the parasite eggs to the water.
Effluent treatment in treatment plants eliminates from 92 to 95% of eggs, but does not guarantee the complete elimination of the parasite.
The cycle can also be maintained by the mammals living around the lake or by pets.
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Developing a common characterisation of lake environments
Among its main objectives, within WP5, Alplakes project had to define a common and shared approach to characterise alpine lakes and
their neighbouring environments with respect to topics such as water quality and pressures existing in the basin, in line with Water Framework Directive provisions.
Moreover, we had to develop a communication strategy to make collected information available to all those directly involved in lake management and to the general public.
To this end, we thought about and developed a certain number of common indicators shared among partners and scientifically valid, which
could meet the requirements for alpine lake environment characterisation.
Two working groups were created in order to give indicators and data concerning lake water quality and major pressures in the basin.
This activity mainly aimed at:
- meeting the project requirements
- giving useful information to describe and solve problems on lakes
- making information available to stakeholders.
In defining the common indicators, all partners had to fill in a questionnaire – a useful tool to collect information existing in the various Countries on both water quality and basin pressures.
The use of indicators we came up with is one of the possible methods to define ecosystem status and to show possible correlation
between basin pressures and lake quality condition.
We managed to develop a group of useful indicators to:
- Follow and implement WFD guidelines (improving quality and data coverage).
- Support in assessing the progress on the application of some environmental policies and in solving some problems.
- Increase and spread environmental knowledge on lake ecosystems.
The final goal was to assemble a set of scientifically-valid indicators that could help assess environmental status and trend of lake areas
and that lake managers and the general public could easily understand.
First of all, we gathered and put forward a certain number of technical indicators mainly for experts with ecological and chemical knowledge
on water. Then, we studied an approach to transfer some data and information to the general public – not necessarily technicians – by
means of simpler indicators and user-friendly descriptions.
In general, we used an analytical approach based on the DPSIR model (Driving forces, Pressures, State, Impact and Response) that is
usually put forward at European level and is universally acknowledged and accepted for environmental characterisation, as it is simple and
can be easily applied. This model describes in a detailed way:
- Driving forces: human activities that can produce an environmental effect
- Pressure: direct effect of a driving force.
- State: water body condition resulting from natural or anthropogenic factors
- Impact: environmental effect of pressure.
- Response: measures or actions taken to improve water body quality.
Considering also the existing reference documents (European Environmental Agency, 2005; State of Lakes Ecosystem Conference,
1998, 2004; European Commission, 2006; European Communities, 2003), we defined a series of criteria the indicators had to follow to
be considered useful for our objectives.
In general, three general criteria were set out:
- Need: data are to be collected only when necessary to assess ecosystem health
- Sufficiency: the number of indicators should be adequate to correctly assess ecosystem quality.
- Feasibility: useful data should be findable, in terms of both monitoring data (recoverable data) and economic data (accessible costs).
Moreover, to meet project requirements, indicators had to have the following features:
- Compliance with the directive: criteria should guarantee a good connection between directive provisions and Alplakes project.
- Data scale and representativeness: criteria give confidence when comparing the actual situation in the various Countries. When applying
such indicators, partners should use similar data sources and similar methods of calculation. Criteria are very important for the project as
a common and shared approach is required.
- Time and spatial coverage: indicators must be applicable in each Member State involved in the project and in each lake space. It is also
useful to develop indicators that allow us to picture important time trends.
- Achievement of targets: indicators should be useful to define the gap with respect to the quality target being set.
- Solid method: the method in use to assess indicators must be scientifically valid.
- Understandability: an indicator must be defined in a clear way and must give useful, intelligible and readable information for end users
– whether lake managers or the general public.
The list of indicators is not exhaustive for a full characterisation of lake spaces. For example, we did not identified a common indicator in
the biological sector because the various Countries put forward and used highly variable indices.
Moreover, although the initial activities we wanted to develop included the definition of an indicator classification to give information on the
gap with respect to the target, we thought not to have such classification in this phase for two reasons:
- Lack of time to define classes
- Countries are waiting for the results of GIG works to define the boundary classes.
Just when developing and outlining indicators for the public (see the publication “Alpine lakes. Survey between land and water”), we decided to give information on the quality and status of the indicators, as well as on their trend, by an ad hoc representation.
As already mentioned we focused our attention mainly to the nutrients and above all to the phosphorus, limiting factor for eutrophication
of lakes in alpine area.
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LAKE WATERS
This activity mainly aimed at selecting a certain number of indicators for water quality description, based on the same parameters being
expressed in the same measurement units.
Proposed indicators were selected through a survey carried out with all partners on monitoring methods and schedule implemented in the
various Countries for lake water bodies.
As for chemical and physical characterisation of the lake environment – historically used in limnology for water classification – we found that
the parameters being monitored are quite homogeneous. Greater differences are observed on biological monitoring. As for data collection
history – in terms of quantity and thoroughness – chemical and physical monitoring proved to be much more complete and widespread in
the alpine area than biological monitoring that in many Countries started with a certain continuity just over the last years and often features
absolute lack of data.
For these reasons, major attention was paid to selection of common indicators for classic chemical and physical parameters and for
phytoplankton.
Other biological parameters, like macrophytes, benthos and fish fauna, are scarcely represented in monitoring in the alpine area. However,
we decided to indicate data available as these parameters are extremely important within the Framework Directive to work out lake classification. No common methods and reference systems were put forward: partners were just invited to add available data (taxonomic lists,
various data, fishing inventories, etc.).

Development of indicators on water quality
All partners were asked to collect and provide data concerning at least maximum winter circulation period and maximum summer stratification period.
To standardise information as much as possible and to avoid burdensome data collection, we considered data on maximum water circulation period to be enough for most of the parameters, as in limnology such period is regarded as mainly representative of lake body
condition.
In most cases, the values reported refer to the linearly weighted mean of measures on the various sampling depths.
In general, samples were collected at maximal lake depth.
For some parameters, an annual average was required (for ex. transparency and chlorophyll) using monthly monitoring values.
Here below, you find the common parameters and measurement units used to make data expression standard and comparable among
the various lakes.
Temperature - Oxygen
Data on temperature (°C) and oxygen (mg/l) of maximum circulation and maximum stratification periods were collected
Trasparency
We collected data about:
- annual average transparency is recorded using a Secchi disc.
- minimum and maximum transparency is recorded using a Secchi disc
Chemical and physical parameters
• Conductivity
Conductivity estimates the amount of total dissolved salts in water, is usually expressed in µS/cm and is dependent on temperature.
Within the project, following ISO 7888:1985 international standard, we set to use 25 °C as reference temperature.
We used a conversion factor of 1.116 to go from conductivity expressed at 20 °C to conductivity expressed at 25 °C.
We used the Conductivity expressed in µS/cm (at 25 °C), measured during maximum winter circulation period, averaged in the water
column.
• pH
Expressed in pH units, measured during maximum winter circulation period, averaged in the water column.
• Alkalinity
In the lakes of the network, this parameter is expressed in meq/l or in mg Ca(HCO3)2 /l
Within the project, we decided to express this parameter in meq/l, using this conversion factor: 1 meq/l = 81 mg Ca(HCO3)2 /l.
We used Alkalinity expressed in meq/l, measured during maximum winter circulation period, averaged in the water column.
• Silica
Expressed in mg/l, measured during maximum winter circulation period, averaged in the water column.
• Main ions
We evaluated the concentrations of Calcium (Ca), Magnesium (Mg), Sodium (Na), Potassium (K) and Chloride (Cl), expressed in mg/l,
measured during maximum winter circulation period, averaged in the water column.
• Phosphorus compounds
We used concentrations of Orthophosphate (PO4) and total phosphorus, expressed in µg P/l, measured during maximum winter
circulation period, averaged in the water column.
Moreover, we collected historical data on total phosphorus, so that we could see the trend – representative of lake water quality.
• Nitrogen compounds
We evaluated the concentrations of Nitrates (NO3) ammonium ion (NH4) and total nitrogen, expressed in mg N/l, measured during
maximum winter circulation period, averaged in the water column.
Morpho-Edaphic Index (MEI)
Within the project, we also decided to use an index that is currently used in Lombardy region and northern Italy but also in other European
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and American Countries (Vighi M., and G. Chiaudani, 1985), and is capable of assessing in a simple way natural phosphorus conditions
in a lake.
In limnological literature, it is widely acknowledged that an oligotrophic state does not necessarily have to be considered a target condition to be reached in all lake environments. As a matter of fact, an eutrophic state is not automatically due to anthropogenic impact
but can be linked to natural features and causes.
To assess the natural phosphorus level in a lake, we can apply an empirical model where the morpho-edaphic index (calculated as
alkalinity to mean depth ratio) is related to the phosphorus concentration in lakes free of anthropogenic pollution. The relations between
total phosphorus average concentrations and values of the two morpho-edaphic indices for all the lakes concerned, are indicated in
the following expressions:
Log P = 1.48 + 0.29 * Log (MEIalk)
Log P = 0.87 + 0.29 * Log (MEIcond)
where:

P is total phosphorus average concentration (µg/l)
MEIalk is lake water average alkalinity (meq/l) to lake mean depth (m) ratio
MEIcond is lake water average conductivity (µS/cm 20°C) to lake mean depth (m) ratio.

Although alkalinity and conductivity are generally linked by a linear correlation, in lakes with a high anthropogenic pressure it is better
to use alkalinity-related data as the parameter is less sensitive to changes due to particular types of pollution.
In the project, we used the morpho-edaphic index relating to alkalinity:
Log [Pnat] = 1.48 + 0.29 * Log MEIalk

Lake Garda - © Copyright Comunità del Garda

Chlorophyll-a
As for chlorophyll parameter, we decided to use chlorophyll measurements for the euphotic layer.
Annual average concentration of chlorophyll-a: concentration expressed in µg/l, measured in the euphotic layer.
Maximum annual concentration of chlorophyll-a: maximum chlorophyll-a concentration and sampling period
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Lake trophic condition
According to OECD worldwide-acknowledged trophic state classification (1982), lakes within the project were classified in trophic classes following phosphorus, chlorophyll and transparency values being monitored.

Ultraoligotrophic
Oligotrophic
Mesotrophic
Eutrophic
Hypereutrophic

Annual average
value of
total phosphorus
<4,0
<10,0
10-35
35-100
>100

Annual average
value of
chlorophyll-a
<1,0
<2,5
2,5-8
8-25
>25

Maximum annual
value of
chlorophyll-a
<2,5
<8
8-25
25-75
>75

Annual average
value of
transparency
>12,0
>6,0
6-3
3-1,5
<1,5

Maximum annual
value of
transparency
>6,0
>3,0
3-1,5
1,5-0,7
<0,7

Where: Annual average value of total phosphorus: total phosphorus concentration in µg P/l.
Annual average value of chlorophyll-a: concentration in µg/l, measured in the euphotic layer (integrated sample or arithmetic
mean value of samples at different depth levels).
Maximum annual value of chlorophyll-a: maximum concentration recorded in the euphotic layer over the year.
Annual average value of transparency: annual average value of transparency calculated using a Secchi disc.
Minimum annual value of transparency: minimum transparency value, measured using a Secchi disc, over the year.

Biological parameters
• Phytoplankton
As for phytoplankton, we established to collect monthly-monitored data for the different algal groups (at taxonomic class level), expressed in mg/m³.
The other biological parameters collected refer to:
• Aquatic ﬂora
• Invertebrate benthos
• Fish fauna
As above-mentioned, we did not put forward any particular data collection and representation method for these parameters, as at
present they are regularly monitored in a very few lakes among those being analysed. Therefore, we just reported the existing data,
asking whenever available to give a minimum quantity of information on the method (measurement unit, monitoring year, etc…).
Water uses
We collected data on water exploitation for various uses:
- water abstraction for potable use and other uses
- bathing
- fishing.
• Water abstraction
We collected data concerning concessions to abstract water directly from the lake, for the following uses:
- water intended for human consumption,
- irrigation,
- industrial use,
- energy production,
- other uses (aquaculture, health, fire fighting).
It was then possible to give a quantitative measure of lake water exploitation rate: water abstraction point level gives a good estimate
on pressures in a simple way, thus allowing us to identify those lakes or basins having a high level of water abstraction.
Water intended for human consumption was classified as A1, A2, A3 under the Surface Water Abstraction Directive (75/440/EEC),
according to the processes to be carried out to treat and turn water into drinking water.
For the other uses, we indicated the quantity of water abstracted for each category.
• Bathing
To be considered suitable for bathing, the quality of water for leisure time use must be basically without any contamination whatsoever.
Bathing Water Directive (76/160/EEC) and national laws protect the public from any persistent or accidental pollution problem that
can lead to a ban on bathing. Water compliance with European and national regulations gives an indication of water quality in terms
of public health.
This section reports information on potential damage caused by the presence of pathogenic agents or other pollutants in bathing
water.
You also find information on whether the number of law-compliant sites increased or diminished over the time, so as to understand
whether the measures taken and policies implemented worked effectively to improve water quality.
• Fishing
We collected information about fish catch and main fish species represented in the lake.
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THE CATCHMENT BASIN
The main objective in defining this set of indicators was to gather and collect all those data deemed necessary to correctly characterise the
environments neighbouring the lake and the catchment basin and thus to assess existing pressures.
The approach used to define these indicators, took into account the need to provide added value to the state of the art available to those
who work on lake basin management and planning.
The set of indicators put forward can describe:
- the land and its use
- areas heavily affected by human activity:
• population
• industry
- animal farming and agricultural surfaces
- natural and seminatural surfaces
- water sector.
Within these macro-sectors, a series of indicators was developed to describe water use at catchment and water body level, to assess
loads from diffuse and point sources, and to report the most important features from environmental and territorial points of view.
Load definition is precisely one of the main objectives we achieved by applying the above-mentioned indicators.
Assessing loads in an aquatic environment implies knowledge of pollutant input value in the environment itself: domestic and industrial
wastewater, soil runoff inputs, inputs from diffuse urban sources and impermeable surfaces in general and finally atmospheric inputs. They
can be set out directly or indirectly depending on the available information.
Ad hoc survey campaigns and hard-to-find data are required for a direct assessment that is carried out by measuring the pollutant load in
various water body sections and by monitoring qualitative features of discharges by treatment plants and collecting systems.
An indirect assessment is obtained by using theoretical coefficients found in the scientific literature, together with a census of wastewater
collection and treatment infrastructure in built-up areas, an analysis on demographic flows and socio-economic framework.
In an indirect assessment, there can be mathematical models to validate the results according to the experimental data and measurements
taken.
Loads were assessed for both nutrients, i.e. nitrogen and phosphorus.
When available, these data were compared with load data from qualitative and quantitative monitoring of lake tributaries and with the load
value obtained by applying OECD load-response models for phosphorus only.
For planning and managerial purposes and to achieve the environmental targets that will be defined following the activities implemented to
meet Framework Directive requirements, we deemed essential to know the actual load on the water body – in particular phosphorus load.
Consequently, we can develop and implement a whole series of measures to reduce nutrient load and where necessary to improve and
reach the quality target levels established.
Moreover, the analysis on water sector – in particular on water use – at catchment and water body levels highlighted long-term poorly
sustainable situations due to an excessive use of resources, as well as qualitative water condition with respect to uses (for ex. bathing,
drinking water, fishing).
We did not carry out a thorough analysis on possible water use conflicts, and we did not put forward any measure to ease them. Anyway,
such activities could be the subject of another specifically-designed project.
In this study, we report the method used to assess phosphorus loads in the lake basins investigated in the project.

Development of indicators on pressures existing in the basin
Here below, you find the list of indicators we used to characterise lake basin region.
THE TERRITORY AND ITS USE
For a comprehensive description of the whole area within the lake basin and whenever necessary for a more in-depth analysis on those
aspects and sectors that better help assess existing-pressure impact on water quality, we carried out a diversified analysis against land
cover classes (Corine Land Cover). For each class, we examined the various aspects and underlined those elements that better meet
project objectives.
Land use
We collected general data on land use and cover. This characterisation is useful to assess how much the existing use of land can adversely
affect the ecological and functional features of an ecosystem. For this activity, we mainly referred to Corine Land Cover project (Bossard et
al. 2000) and when available to more detailed land cover mapping. Classes are the following:
- artificial surfaces
- agricultural areas
- natural and seminatural areas
- wetlands
- water bodies.
ARTIFICIAL SURFACES
Use of land
For this class, we analysed the extent of urban fabric and areas heavily affected by human activity alongside the lake (where available, we
also applied the Shore-zone Functioning Index), and what impact the population (both residents and floating population) and industry have,
by carefully gathering information on wastewater collection service and water treatment level.
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Artiﬁcial shoreline
This indicator gives an estimate on the percentage of shoreline that was modified through the building of urban infrastructure. By this indication, we have a general idea on how much the shoreline habitat changed and thus lost its ecological functionality. When the Shore-zone
Functioning Index (SFI) has been applied, we also report more detailed information on the level of degradation and change in the shoreline
ecosystem.
A need for future development came to light: to assess in the course of time the level of shoreline artificialization and if this percentage is
increasing or decreasing.
Population
Population is described including both residents and tourists. We assessed population distribution at basin level and pollutant input due
to population itself, with respect to 4 main parameters (BOD, COD, N, P). Moreover, we assessed population contribution expressed in
population equivalents, in order to make comparisons with other sectors.

• Potential loads from the civil sector
We assessed potential loads produced in urban areas by both
residents and floating population, on an annual basis, so that
we could have a general estimate on intensity of pressure from
the civil sector.
The following coefficients were used for the assessment (Regione Lombardia 2006a):
Parameters
COD
BOD
N
P

Emission coefﬁcients
[g/ab.*g]
[Kg/ab.*a]
129
47,1
60
21,9
12,3
4,49
1,8
0,66

Moreover, the indicator is expressed in Population Equivalents (P.E.) so that we can compare the different pressure sources.
Industry
• Industrial sectors
Industrial discharges exert a significant pressure on water quality because of their high nutrient loads and in particular hazardous substance content. Often industrial units are not connected to the public wastewater collection system and treatment plants (WTP), but they
treat wastewater directly.
We collected data on the number of industrial units within lake basin, divided up per type and number of workers for each industrial
sector. We just considered those sectors having the highest impact on quality and quantity of water resources.
Here below, you find a list of the industrial activities taken into account:
NACE CODES
CB. 0.00
DA. 15.00
DA. 16.00
DB. 17.00
DB. 18.00
DC. 0.00

SIC CODES
14.00
15.00
16.00
17.00
18.00
19.00

DD. 0.00

20.00

DE. 21.00
DE. 22.00
DF. 0.00*
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 27.00
DJ. 28.00
DK. 0.00
DM. 34.00
DM. 35.00

21.00
22.00
23.00
24.00
25.00
26.00
27.00
28.00
29.00
34.00
35.00
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MANUFACTURE NAME
Mining and quarrying, except of energy producing materials
Manufacture of food products and beverages
Manufacture of tobacco products
Manufacture of textiles
Manufacture of wearing apparel; dressing and dyeing of fur
Tanning and dressing of leather; manufacture of luggage, handbags, saddlery,
harness and footwear
Manufacture of wood and of products of wood and cork, except furniture; manufacture
of articles of straw and plaiting materials
Manufacture of pulp, paper and paper products
Publishing, printing and reproduction of recorded media
Manufacture of coke, refined petroleum products and nuclear fuel
Manufacture of chemicals and chemical products
Manufacture of rubber and plastic products
Manufacture of other non-metallic mineral products
Manufacture of basic metals
Manufacture of fabricated metal products, except machinery and equipment
Manufacture of machinery and equipment n.e.c.
Manufacture of motor vehicles, trailers and semi-trailers
Manufacture of other transport equipment

Lake Annecy
© Copyright F. Zvardon – ATD 73/74

• Population density
Population density is calculated as the ratio of total population to basin surface area.
Besides residents, we also estimated the floating population: calculation to assess the presence of tourists was based on the number
of both accommodation facilities and second homes, and whenever possible calculation was made on a monthly basis to assess the
extent of tourist pressure and its variation in time.
We also measured floating population (tourists)/resident population ratio to assess tourism impact on the area.

• Industrial sites at risk
As provided for by European Seveso Directives (82/501/EEC, 96/82/EC and 2003/105/EC), each Member State has to collect information on the location of those facilities where the presence of hazardous substances is particularly high and may lead to a risk of major
accident.
Therefore, we gathered information on possible presence of sites at risk so as to give some indications of the risk of accidental pollution
from industrial sources.
• Contaminated sites
The presence of contaminated sites within lake catchment basin and nearby the lake can be a source of lake pollution, even indirectly
through surface water and groundwater.
We collected information on the location, number, extent of the contaminated sites and related type of pollution. The presence of contaminated sites may jeopardise aquatic ecosystem features because pollutants in these sites can be highly toxic.
• Potential industrial loads
The presence of a large number of industrial plants may create many problems to aquatic ecosystems due to loads of nutrients, organic
compounds and other pollutants that are discharged to surface water.
By using ad hoc coefficients, we tried and assessed the potential load of pollutants produced by the industrial sector in the catchment
basin. Because of objective difficulties in choosing some common indicators that could give information on main pollutants divided up
per type of industry, we identified a single factor for nitrogen and phosphorus nutrients, while specific coefficients for COD and BOD will
be developed in the future. Moreover, to compare the various types of pressure sources, we established some coefficients to assess
industrial input in terms of P.E.
For nutrients, we used the following generic (single) contributions
(Pagnotta and Barbiero, 2003):
-Nitrogen: 10 kg N/worker*year – used for all industrial sectors.
-Phosphorus: 10% of the loads generated by domestic sources.

NACE Codes
CB. 0.00
DA. 15.00*
DA. 16.00
DB. 17.00
DB. 18.00
DC. 0.00
DD. 0.00
DE. 21.00
DE. 22.00
DF. 0.00*
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 27.00
DJ. 28.00
DK. 0.00
DM. 34.00
DM. 35.00

SIC Codes
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
34
35

P.E./worker
11,8
84
7,5
18
0,6
57
1,6
60
60
30
40
15
1,5
2,3
2
1
1,7
1,7

Collecting and wastewater treatment systeme
• Wastewater collection system
To calculate the loads that are actually discharged to water bodies, it is essential to have an exhaustive characterisation concerning
wastewater collection and treatment service. Therefore, we collected data referring to the population connected to the public sewerage
system, type of sewerage (combined or separate system) and number of overflows within the basin.
When no specific data were available on the industrial component, we calculated it by increasing the population equivalent by a factor
within 10% and 40% of the resident population, depending on the industrial development of the area.

Lake Caldonazzo

For an assessment in terms of P.E., we used the coefficients indicated here below (Barbiero et al. 1991):

• Urban wastewater treatment system
Wastewater coming from civil and industrial sectors exerts a significant pressure on aquatic environment, due to loads of nutrients,
organic compounds and hazardous substances. An important fraction of discharges is linked to the sewerage system connected in its
turn to the treatment system.
Intensity of impact on the aquatic environments depends on wastewater treatment level before discharge and on the sensitivity of water
receiving such discharge.
The type of treatment and compliance with the requirements in Directive 91/271/EEC can be indicators on the level of treatment and on
potential improvement of the water environment.
We collected data on water treatment plants within the basin, efficiency of the treatment process, either from monitoring data or by using
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the methodological coefficients indicated here below (European Commission 2000a; European Commission 2000b; Regione Lombardia 2006a), and whenever possible on changes over time with respect to the treatment infrastructure.
Removal efﬁciency %
Total nitrogen
Total phosphorus
BOD
COD

Primary
0
5
30
25

Type of treatment
Secondary-Biological
20
25
85
75

Tertiary-Advanced
80
80
95
85

• Pollution due to wastewater
Wastewater is a major source of pressures on aquatic ecosystems. In the urban fabric where there are wastewater collection and treatment systems, pollutant loads derive from treatment plants, overflows and sewer terminals not connected to the treatment system. To
assess actual loads from civil and industrial sectors, we used both monitoring data and, if such data were not available, values calculated
by using ad hoc coefficients:
- Treatment plants: we used generation coefficients (see table in “Potential loads from the civil sector” section) multiplied by the number
of P.E. treated by the plant, and decreased by using removal percentages according to the type of treatment.
- Sewer terminals: where still existing, we measured the load from sewer terminals, starting from the value of P.E. collected by the collection system branch under examination.
- Overflows: we used a simple method where overflow load is calculated as a percentage of the total load conveyed to the sewerage,
and more precisely (Regione Lombardia 2006a):
• 4% for nutrients (nitrogen and phosphorus)
• 8% for BOD and COD.

AGRICULTURE AND ANIMAL FARMING
Agriculture and animal farming play an essential role in characterising a lake basin – in particular low-altitude lakes – and together with civil
and industrial sectors they contribute to the production of pollutants discharged to bodies of surface water and groundwater and thus to
lakes.
In this section, we set a series of indicators capable of assessing inputs in terms of loads from these sectors, as well as the extent of
sustainable farming areas within lake basins.
Agriculture
• Types of crops
We gathered information on agriculture and on the main crops in the area under study.
Depending on the type of crop and extent of the cropped surface, we can deduce general information on use of specific substances
(like fertilisers and pesticides), as well as on the quantity of water used for irrigation.
Whenever detailed data were not available, we used data coming from Corine Land Cover project (Bossard et al. 2000).
• Use of pesticides
The quantity of pesticides in use can be a good indicator of the impact caused by agriculture on the water environment. We collected
data available at basin level on the pesticides that are mostly used.
• Sustainable farming areas
Agro-environmental measures promote any practice that helps towards a sustainable environmental development. These measures are
reported in the European Council Regulation No. 1257/99 “on support for rural development from the European Agricultural Guidance
and Guarantee Fund (EAGGF)” and subsequent amendments or additions. Areas managed according to agro-environmental criteria are
reported in the Rural Development Plan of each country.
Therefore, we collected data on the extension of these areas and their rate with respect to agricultural areas and mainly with respect to
Utilised Agricultural Areas (UAA).
• Potential loads from agriculture
The indicator gives an estimate of the potential load – in surplus terms – of nutrients coming from agricultural land, and can be used
to infer the potential damage caused to aquatic ecosystems. Loads can be calculated by using ad hoc coefficients or mathematical
models.
To this end, two different methods were identified. The simplest method entails the use of the following generic contributions (Po River
Basin Authority, 1999) depending on crop macro-type:
-arable land (wheat, corn and other cereals) – N: 200 kg/ha*year; P: 40 kg/ha*year
-woody plants (vineyards and orchards) – N: 100 kg/ha*year; P: 30 Kg/ha*year
- pastures – N: 40 kg/ha*year; P: 30 Kg/ha*year
-gardens (potatoes, beets, other vegetables) – N: 120 kg/ha*year; P: 55 Kg/ha*year.
The other method is more detailed and refers to the individual types of crops.
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Animal farming
• Livestock Farming
The type and number of farmed animals - also expressed in livestock units (LU) – give information on potential nitrogen and phosphorus
loads from the animal farming sector. As a matter of fact, in some cases livestock farming can be a source of high pressure on water.
Therefore, we collected data concerning five main animal classes:
- cattle
- horses
- pigs
- sheep and goats
- poultry and rabbits.
In order to analyse spatial distribution of animal farms, we assessed animal density per square km, in terms of both “livestock equivalent”
– on the basis of phosphorus contribution – and “livestock unit”.
In general, in Europe when the LU level is above 2 we consider it to be potentially harmful for the environment (where LU is equal to 500
kg of animal live weight): for this reason, we just identified a simple conversion table. This table is to be considered just a guide and not
as absolute value, because it is known that animal size changes depending on sex, nutrition, age and management.
Typical weight (kg)

Cattle
Horses
Pigs
Sheep and goats
Poultry and rabbits

500
500
100
65
2

No. of heads
equivalent to 1 LU
1
1
5
7,5
250

• Potential loads from livestock farming
Animal farming sector produces a high quantity of nutrients and other organic
compounds that are very often used as soil improvers instead of artificial
fertilisers.
Knowing the quantity of nutrients and other pollutants linked to livestock farming, can give useful information on the potential damage
caused by animal farming to aquatic environments.
To this end, we assessed the potential loads generated for the four types of parameters (nitrogen, phosphorus, BOD and COD) on the
basis of the generation coefficients (Regione Lombardia 2006b) indicated in the following table:

Cattle
Pigs
Horses
Sheep & goats
Poultry & rabbits

P potential load
[kg P/head*year]
9 60
4,5 15
9 58
2,8 7
0,20,5

_N potential load
[kg N/ head*year]
200
90
200
55
1

BOD potential load
[kg BOD/ head*year]
430
193,5
430
118,3
2,2

Lake Garda

Type of farming

COD potential load
[kg COD/ head*year]

NATURAL AND SEMI-NATURAL ENVIRONMENTS
In this section, you find a description of natural or seminatural areas in the lake basin, as well as information on protected natural areas and
some designated areas as per Water Framework Directive Annex IV.
Use of land
You find information on land use in natural and seminatural areas within the concerned region.
Protected natural areas
Actions and measures to preserve or improve biodiversity, are taken at various geographical and political levels (international, European and
national levels). Even though with different targets and designation criteria, in general these measures can be complementary.
We collected data on the areas identified and designated as protected areas in compliance with diverse instruments for protection: European directives 92/43/EEC and 79/409/EEC on Natura 2000 sites (Sites of Community Importance – SCI and Special Protection Areas
– SPA), international laws (Ramsar Convention), national or regional laws. By using these data, we calculated the total amount of protected
areas within the basin, as well as the length of shoreline that falls within a protected area. Moreover, where available, we indicated the
changes in protected area extent over time.
Designated areas
To better characterise lake catchment area, we also decided to gather information on the extent of some designated areas listed in Water
Framework Directive Annex IV*:
- designated areas for the abstraction of water intended for human consumption,
- sensitive areas in compliance with Directive 91/271/EEC,
- vulnerable zones in compliance with Directive 91/676/EEC,
- designated areas for species and habitat protection.
For each area, we reported the overall extent within the basin.
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WATER SECTOR
Water use
In a catchment basin, it is important to assess the level of water resource exploitation, as it may have a direct impact on quality and quantity
of lake water resources: high levels of use usually entail high production of wastewater that cause a general worsening in water body quality,
as well as a higher energy demand for water abstraction and treatment.
Water abstraction point level gives a good estimate on pressures in a simple way, allowing us to identify those lakes or basins having a
high water abstraction level.
Data collected on the entire basin concern the main uses:
- water intended for human consumption,
- irrigation,
- industrial use,
- energy production,
- other uses (aquaculture, health, fire fighting).
We also established the use of water exploitation index that can give useful indications to analyse how changes in water abstraction have
an impact on water sector by causing higher pressures or by promoting a more sustainable water use.
The index is defined as the ratio between total water abstraction and total water resources in the basin.

CLIMATE CHARACTERISATION
Rainfall and temperature
We gathered information on temperature and rainfall values over time, in order to characterise these aspects in the lake basin. In case of a
very large basin with different climate conditions, we reported values of several characteristic points.
Ice cover
Ice cover gives information on temperature, wind and heat stored in the lake, thus being a good indicator of climate change. Therefore, we
decided it was important to have such a type of indicator to give – together with climatological data (rainfalls and temperatures) – general
data on the changes under way and to assess possible need for major indicators in this field or more precise data collection.
This indicator measures the maximum lake surface area covered by ice each year, as well as in which period of time ice cover was recorded.

EFFECTIVE NITROGEN AND PHOSPHORUS LOADS
An essential requirement of Water Framework Directive is the use of reference conditions to establish values of the ecological indices to be
applied for lake water quality classification. As for eutrophication, this is even today one of the most widespread problems in alpine lakes.
An “ecoregion” approach would allow achieving the target of reducing excessive nutrient enrichment in proportion to nutrient natural levels
and of concentrating financial resources to eliminate eutrophication exceeding such levels.
Eutrophication can be reduced first of all by intercepting and abating loads coming from the basin to keep nutrient load (in particular
phosphorus load as previously mentioned) within the limits calculated, so as to keep lake concentrations close to natural or reference
concentrations.
Achieving targets as for nutrient concentrations in water and set load values, and implementing a series of ad hoc measures cannot exclude assessment of actual loads of nutrients dispersed into the lake and coming from the catchment basin.
Therefore, we indicated some methods to assess loads directly and indirectly, by using:
- lake tributary monitoring data
- specific reduction coefficients for potential loads from the various types of sources
- specific prediction models (OECD regression equation -1982) just for phosphorus parameter.
We have previously described how to assess potential loads from various sectors. In this section, we just report the method we used to
assess residual loads of nutrients and especially of phosphorus conveyed to the lake.
Here below you find a short description of the method adopted for indirect assessments.
Point sources
Point sources mainly concern loads coming from WTP, sewer terminals, private industrial treatment plants, overflows. The method in use
to measure loads is reported in “Pollution due to wastewater” section.
Diffuse sources
Diffuse sources mainly concern agricultural and animal farming sector, natural load and load from rainfalls. To measure the actual load from agricultural and livestock farming sector in general we used a discharge coefficient and a correction factor (Po River Basin Authority 1999, 2001):
Actual load=potential load X discharge coefﬁcient X correction factor
As for surface water, the proposed coefficients for agriculture and livestock farming are:
- 20% of the potential load of produced nitrogen (for all types of crops, apart from rice)
- 3% of the potential load of produced phosphorus (for all types of crops, apart from rice)
- 10% of the potential load of produced nitrogen (for rice only)
- 1% of the potential load of produced phosphorus (for rice only).
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As for rice, correction factors are not used, while for the rest factors are indicated according to mean rainfalls, slope and soil permeability:
Mean slope
<0.2°
0.2°-1.4°
>4°

Factor
0.8
1
1.25

Mean rainfall
<800 mm
800 mm-1200 mm
>1200 mm

Factor
0.8
1
1.25

Soil permeability
High
Moderate
Low

Factor
0.8
1
1.25

To assess the contribution of natural loads from non-cropped land or urban fabric and from atmospheric deposition, the following coefficients were identified (Lombardy Region 2006)
- rural area: 0.2 kg P/ha*year, 4.5 kg N/ha*year
- urban area: 0.4 kg P/ha*year, 8 kg N/ha*year
The values obtained must be multiplied by the above-mentioned multiplying factors.
To assess background (natural) loads, we can also use another approach that is based on the Morpho-Edaphic Index (MEI) (Vighi and
Chiaudani 1985) and on OECD models.
Starting from the Vollenweider equation (1976), the OECD (1982) defined a statistical regression to describe the relationship between the
external loads and in-lake phosphorus level, depending on lake morphological features. The equations are:

where: [P]L
[P]j
Lp
qs
w

is the expected average concentration of total phosphorus in the lake (mg/l)
is the total phosphorus concentration in lake water inputs (=Lp/qs) (mg/l)
is the annual phosphorus load per unit area (specific load, mgP/m² per year)
is the hydraulic load, i.e. annual load of water expressed per unit area of lake surface (m/year)
is the theoretical water change time (years)

The equation (*) is applied to deep lakes in the alpine ecoregion and the equation (**) is applied to shallow lakes and reservoirs.
Moreover, to assess external phosphorus loads coming from the catchment basin, we can use the same equations we just mentioned, by
using as phosphorus concentration the value currently measured in lake water.
Therefore, the two equations are:

(*)
(**)

where: [P]L is total phosphorus load (t/year)
Lp is the average concentration measured in lake water (mg/l)
A
is the catchment area (km²)
w is the theoretical water change time (years)
qs is the hydraulic load (m/year)
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Load coming from other lakes
We also considered the case where one or more lakes are in the lake basin of another lake and so their catchment basins are sub-basins
of the larger one.
As for potential load assessment, the territorial unit we referred to for measurements was the entire lake catchment basin, in order to give
a general assessment on magnitude of pressures.
Yet, considering residual loads, it is clear that the load generated in the basin of the main lake – that is the lake with the largest catchment
basin – is not fully discharged to the lake because part of it is intercepted and kept by the secondary lakes and just a portion goes to the
main lake.
• Load generated in the basin of the main lake
For the main lakes with the largest basin, including other sub-basins, total calculation of loads discharged to the lake did not result from
the summation of all sources within the catchment basin. As a matter of fact, loads generated within a sub-basin are conveyed to the
relevant lake and not to the main lake.
Therefore, in the total calculation of the load discharged to each lake, we used not so much the real lake catchment basin but just that
portion of the basin that really discharges to the lake or to its tributaries.

Lake Bohnj - © Copyright Matevû Lenarcic

• Load coming from secondary lakes
In a fully natural situation, phosphorus load coming from the secondary lakes and conveyed to the main lake would be included in the
background load measured by using the Morpho-Edaphic Index (MEI) and OECD relationships.
On the contrary, in areas heavily affected by human activity and when trophic conditions are altered with respect to natural condition – as
it is at present – it is advisable to assess the additional contribution to the natural load the secondary lakes discharge to the main lake.
As this contribution is linked to the modified qualitative conditions of the lake due to a heavy anthropogenic impact, we considered it as
anthropogenic diffuse load.
Such load was calculated as the difference between the loads exiting the secondary lake, and measured at the current status, and the
theoretical load that would exit if the lake were in natural conditions.
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New analysis methods supporting planning
SHOREZONE FUNCTIONING INDEX (SFI)
Introduction
There are many studies in the literature on river bank zones and their functions, but classic limnology has never carried out thorough analyses of lake shore zones, even though they play an important role in the ecological networks of the lake ecosystem.
The lake shore zone is the transition zone (ecotone) between the surrounding territory and the water body. Topography, climate and the
geological composition of the land strongly influence the structure and extent of this zone; on the other hand, shore zone vegetation exerts
considerable control over water flows, flows of nutrients and sediments and the spreading of animal and vegetable species between the
lake and its surroundings.
Shore zone functioning means shore zone ability to perform specific functions and guarantee that the ecological processes needed to
protect a water body from any non-point discharge from the basin, take place.
The SFI method
Considering the importance of the functions performed by lake shore zones, over the last few years the need to develop a system of indicators and indices to assess lake shore zones functioning, emerged.
In 2004, a working group called APAT was set up for this purpose. The group, co-ordinated by APPA Trento, had to devise a method
to assess lake shore zones functioning. This method was later on called SFI (Shore Zone Functionality Index). The SFI, according to the
latest trends in bio-indication, is based on the inter-relation existing between biotic and a-biotic components and sets a model to assess
ecosystem functioning as a whole.
To use the SFI, two sheets have to be filled in: the first includes general information (topographic, morphological, climatic aspects, etc.)
referred to the whole lake and its basin; the second is filled in during on site analyses for each homogeneous stretch of lake shore zone.
This second sheet reports ecological parameters such as: type, extent, continuous or interrupted lake shore vegetation; socio-economic
parameters such as: use of the land, presence of infrastructure like roads or railways, presence of tourist infrastructure, etc. and other
descriptive parameters (slope, concavity, artificial shore, etc.).
A score is given to each identified parameter, according to the criteria reported in the sheet. By applying a classification-tree model (binary
tree classifying multivariate observations) to the given score, a functioning level (from I – excellent – to V – very poor) is obtained for each
stretch of shore considered as reported in the table.

FUNCTIONING LEVEL

FUNCTIONING ASSESSMENT

I

Excellent

II

Good

III

Fair

IV

Poor

V

Very poor

COLOUR AND SYMBOL

Lake shore zone functioning levels.
Obtained results are reported in a lake shore zone functioning map, where a colour and a conventional symbol are associated to each
functioning level.
According to results, it is possible to assess the effectiveness – also preventive – of restoration actions, shore works and shore zone management and to choose the planning criteria to be adopted for the surrounding territory. The SFI aims at assisting administrators in their
planning decisions and in the eco-sustainable management of the territory.
First implementation of the SFI
The SFI has been applied by ARPA Lombardy to the prealpine lakes, by APPA Trento to alpine lakes and by ARPA Tuscany and Molise,
and later on by ARPA Abruzzo, to Apennine lakes; whereas volcanic lakes have been investigated by the Higher Institute for Health and the
University of Tor Vergata (Rome).
Data drawn from the first 60 filled-in sheets were used to draw up a first classification system. When another 140 sheets were added to the
initial database, it was possible to adjust the method, also thanks to the work carried out by some of the partners of the Alplakes project
(Belluno Province and Lombardy Region). The application of the SFI to some lakes included in the project, besides contributing to adjusting
the methodology, set up a new tool useful for an ecological management of the territories surrounding the lake.
The index is currently being improved, since the available database is not yet sufficient to standardise the method.
Final remarks
The potential of the SFI method lies in its capacity to obtain a synthetic lake shore zone functioning value. The SFI method is a useful tool
to guide decisions on shore works and suggest sustainable territorial management criteria.
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Moreover, the SFI answers the current need, described in Directive 2000/60/EC, to develop new indices able to assess the hydro-morphological elements of lake ecosystems, including the structure of the lake shore zone.
The approach proposed by the SFI also enables to integrate the study of the lake inner dynamics – typical of classic limnology – with the
study of the structure, function and use of the territories bordering lake shore zones.
An excellent functioning of lake shore zones entails numerous ecological benefits for the lake and its shoreline, often altered for production
or recreational-tourist purposes. By managing lake shore zones according to the functioning concept, it is possible to reconcile the usability
of these territories with environmental protection and to contribute to eco-sustainable territorial planning.

ENVIRONMENTAL TERRITORIAL BALANCE (ETB)

Areas object of the Environmental Territorial Balance (ETB) linked with some small lakes in Piedmont

Introduction
The Environmental Balance Sheet, developed on a Territorial scale (Environmental Territorial Balance – ETB) and applied in particular to
the geographical areas linked with some small lakes in Piedmont, within Action 6 of Work Package 5 of the Interreg III B project, Alpine
Space number F/III/1.1/22 Alplakes, is an analysis, monitoring, communication and information tool aiming at integrating economic and
environmental indicators by determining the quantity of natural resources (state), their flow and variation in time (pressures and impacts)
and assessing the effects of environmental protection and restoration policies (responses).
The DPSIR model (Driving forces, Pressures, State, Impacts, Response) was applied to the working method so as to organise information
in an integrated platform and identify the synergetic effects deriving from the action of anthropogenic pressures on the environment. The
method aims at analysing different environmental aspects and organising and processing information coming from various fields of study,
in order to provide synthetic assessment of the quality of the analysed territory and identify critical situations needing further analyses or
actions by competent authorities.
For each of the three areas of study, the municipalities considered relevant were chosen according to the following criteria: a first area
including the towns with direct access to the lake, a second area including the towns within the lake catchment basin and a third and last
area outside the catchment basin, but including municipalities affecting the lake or being affected by the lake.
Analysis of driving forces, pressures and state
By analysing environmental driving forces, it is possible to do a first screening enabling us to focus on the possible loads present in the
Alpine area. At this stage, environmental driving forces are identified by using specific indicators, suitably weighed, and their incidence is
assessed from a qualitative point of view.
The analysis of driving forces is structured as follows:
- choice of driving force indicators and relevant descriptors;
- identification of source classes and attribution of an incidence value to each identified class;
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- assessment of the incidence of each driving force indicator by roughly weighing the incidence of the relevant descriptors;
- complete assessment of driving forces for each municipality or macro-area considered.
Then, pressures are analysed to be able to quantify the environmental loads active on the territory by identifying the actions having an
impact on the environmental system. This analysis is structured as follows:
- choice of pressure indicators and relevant descriptors;
- identification of pressure classes and attribution of an incidence value to each identified class;
- assessment of the incidence of each pressure indicator by roughly weighing the incidence of the relevant descriptors;
- complete assessment of pressures for each municipality or macro-area considered.
And then, the state of the resources present within the analysed territory is studied to assess the quality level of different environmental
components and identify any vulnerabilities. This assessment is structures as follows:
- choice of resource quality state indicators and relevant descriptors;
- identification of state classes and attribution of an incidence value to each identified class;
- assessment of the incidence of each state indicator by roughly weighing the incidence of the relevant descriptors;
- complete assessment of natural resources quality state for each municipality or macro-area considered.
Evaluation of impacts
Impacts on alpine region territories hosting lakes were assessed by using square matrices making it possible to integrate the complete
assessment made during the previous analysis steps. The assessment of impacts is made up of two independent analyses:
- analysis of territory sensitivity to impacts. Sensitivity to impacts means the possibility and relevance of any environmental state changes,
which are the more relevant the higher the quality of the territory and the more numerous the sources and subsequent pressures affecting it.
- Analysis of the value of the analysed territory. Territory value means the relevance of the total intrinsic quality of the territory, which is higher
the better the resources state and the lower the pressures affecting the system.
It is also possible to represent the situation of the whole territory analysed by using a spider chart (Figure below) reporting the final values of
sources, pressures and state normalised at 100. This representation is useful to make a first assessment of the environment being analysed and is a valid tool to compare different territorial situations. The following information can be drawn from the analysis of this chart:
- The area of the triangle provides information on the global impact present; the impact is maximum when the area of the triangle is the
largest, that is when active sources and generated pressures are most numerous and act on an excellent resource state. In this situation,
there is not only a high anthropogenic load, but also a very sensitive target.
- The height and width of the triangle provide information on the general conditions of the analysed territory and the types of actions to be
implemented. A very high and narrow triangle illustrates an almost pristine situation, where the quality of the resource is high thanks to
the almost total absence of human beings. On the other hand, a triangle with a very wide base and flattened downwards represents a
territory with a very high anthropogenic load, where natural resources are reduced to a minimum.
- The development of the triangle along the axis of sources or pressures provides information on the type of impact present. If sources
are very developed as compared to pressures, a high potential impact is present; whereas a triangle very developed towards pressures
highlights a high real impact on the territory and a triangle equally developed along the two axes represents a situation where there are
active sources and therefore a high real impact.
Final remarks
This method offers numerous advantages linked with its capacity for integrating different types of information and hence providing a way
to read and interpret the environmental situation. Moreover, it is a useful system of acting on the environment, since it is structured according to feedback logic: once the impacts on environmental components and their quality trend are identified, it is possible to analyse the
relations connecting impact causes to the relevant effects and intervene with suitable territorial management policies. This method is a
starting point to be applied to other European areas hosting small lakes, since it enables to read the environmental situation and plan the
necessary actions.

state

driving forces

pressures
Radar chart combining Driving forces, Pressures and State.
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Lake typology
Introduction
Within the framework of Action 6, the project aimed at developing a shared approach also for small lakes. However, since the beginning,
it emerged that it was extremely difficult to give a definition of small lake and identify the morpho-edaphic characteristics to be used for
classification, hence, it was decided to follow the work that was being carried out at the European level, according to the requirements of
Annex I of the Water Framework Directive 60/2000 (WFD) on the characterisation and typology of water bodies.
This chapter reports information on the different methods to characterise water bodies (in particular lakes) used in the four countries participating in the project, and, wherever possible, it tries to apply these methods to the lakes of the network.
European Water Directive
According to the Water Framework Directive, each Member State has to identify the location and perimeter of water bodies and characterise them by using the methodologies reported in Annex I.
There are two characterisation systems:
- system A: water bodies are characterised by eco-region and then by type, according to the descriptors reported in the table below;
- system B: each Member State may divide the classes of descriptors (either compulsory or optional, reported in the table below) so as to
obtain the same level of classification obtained with system A.

A - Fixed typology
Eco-regions
Type

Descriptors
Eco-regions shown on map A, Annex XI
Altitude typology
high: > 800 m
mid-altitude: 200 to 800 m
lowland: < 200 m
Depth typology based on mean depth
<3m
3 a 15 m
> 15 m
Size typology based on surface area
0,5 a 1 km²
1 a 10 km²
10 a 100 km²
> 100 km²
Geology
calcareous
siliceous - organic

B - Alternative
characte-risation
Compulsory descriptors
Descrittori opzionali

Physical and chemical factors that determine the characteristics of the lake and hence the
biological population structure and composition
Altitude – latitude – longitude – depth – geology - size
mean water depth
lake shape
residence time
mean air temperature
air temperature range
mixing characteristics
(e.g. monomictic, dimictic, polymictic)
acid neutralising capacity
background nutrient state
mean substratum composition
Fluttuazione del livello dell’acqua

WFD 60/2000 Annex 2 proposed typologies

Water body characterisation
Project partners countries have already adopted the Directive and each of them has decided to apply system B to typify water bodies.
As reported in Table below, each national method has been made official through the adoption of specific laws and rules mentioned by
the partners during the data and information exchange for the carrying out of the action.
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Country
Reference
Austria / Slovenia*
OJ No. 82/2003
France
Act 2004–338 (21st April 2004): WFD transposition
Italy
Italian proposal LIMNO Project (ISRA, CNR)
* Slovenia adopted all European Directives when it joined the European Union (2004); as for water bodies, Slovenia refers to the Austrian Typology.
Documents and laws studied during the action to know and compare national typologies.
To apply each national method, ARPA Piedmont, in collaboration with IREALP (Lombardy) and SILA (Rhône-Alpes), collected data from
each partner through a questionnaire regarding the characteristics of the lakes present in the ALPLAKES project region. The main physical
characteristics are indicated in the table below.
Lake description
Country-Partner

Lake

Typology

Name

(natural or

Altitude

Catchment basins

Surface

Volume

Max

Perimeter

Surface

Depth

Max.

Geology

altitude

residence

reservoir)

time
meters

A - CARINTHIA

F - RHÔNE-ALPES

I - BELLUNO

I- LOMBARDY

I - PIEDMONT

Hydrologic

km²

mm³

m

km

km²

Meters

C: calcareous

above sea

above sea

S: Siliceous

level

level

Years

Wörthersee

N

439

19,4

816,4

85,2

42

162,1

920

C

10,5

Millstätter See

N

588

13,3

1204,6

141

25,5

284,6

2440

C

7,5

Ossiacher See

N

501

11

206,3

52,6

25

162,9

1590

C

1,8

Annecy

N

446,9

27

1124,5

65

32

251

2254

C

3,8

Bourget

N

231,5

44,6

3600

145

48

560

1500

C

7

Leman

N

372

582,4

89000

309,7

?

7975

?

?

11,9

Aiguebelette

N

374,4

5,45

166

74

?

55-65

?

?

3

Paladru

N

500

3,82

97,2

35,9

?

48

?

?

4

Santa Croce

N

386

7,8

147

41

12,9

154

2471

?

0,117

Misurina

N

1745

0,1

0,3

1,8

?

1,8

2999

?

Mis

R

428,4

1,3

35

58,4

1,4

117

2853

?

0,059

Corlo

R

268

2,48

48

53

14,38

628

1775

?

0,071

Alleghe

N

966

0,52

5,4

15

4,6

?

2350

?

0,02

Cadore

R

685

2,3

5,3

58

20,6

?

2639

?

0,082

Santa Caterina

R

826

0,3

5,5

29

5,27

225

2471

?

0,037

Annone Est

N

224

3,81

24

11

9,1

28,1

1240

C

1,4

Como

N

198

145

22500

410

170

4508

4050

C

4,5

?

Del Gallo

R

?

4,71

164,6

?

29,1

295

3306

Endine

N

334

2,13

11,9

9

13,9

36,7

1381

?

0,27

Garda

N

65

368

49031

350

165

2360

3558

MISTO

26,6

Ghirla

N

442

0,25

?

14

3,2

15,4

1129

MISTO

0,1

Idro

N

370

11,4

684

122

24

617

3462

MISTO

0,99
4,1

Iseo

N

186

61

7600

251

63

1785

3554

MISTO

Lugano

N

271

48,9

5860

288

94

615

2245

?

15

Maggiore

N

194

213

37500

370

170

6599

4633

S

4,1

Mezzola

N

199

5,85

149

69

13,6

721

3378

S

0,2

Monate

N

266

2,51

45

34

7,7

6,3

457

?

7,9

Pusiano

N

259

4,95

69,2

24

10,7

94

1453

C

0,68

Segrino

N

374

0,38

1,2

8,6

3,8

3,38

1129

C

0,42

Valvestino

R

503

1,38

52,3

?

17,4

97,3

1976

C

0,4

Varese

N

238

14,8

160

26

24

112

1226

C

1,8

Trana or Piccolo

N

356

0,57

4,44

12

3,04

8,8

700

C

0,9

Grande di Avigliana

N

346

0,88

17,28

26

3,64

11,5

700

C

2,3

Ceresole Reale

N

1556

1,58

36,66

44,7

8,89

89,9

3619

S

?

Candia

N

227

1,35

8,61

8

8,2

7,5

505

C

6,7

Viverone or d’Azeglio

N

229

5,72

128,77

50

13,06

25,7

570

C

7,5

Orta

N

292

18,3

1280,4

143

36,19

116

1643

S

8,9

Maggiore

N

193

212,5

37500

370

170,2

6599

3375

S

4,1

Garda (parte trentina)

N

65

14,2

?

311

20

1268

?

C

27

Caldonazzo

N

449

5,3

?

49

12,1

49,3

?

?

3,6

Levico

N

440

1,1

?

38

6,6

16,4

?

S

1,1

Bohinj

N

525

4,3

99,7

45

4,1

100

2864

C

0,3

di Avigliana

I - TRENTO

Slo - SLOVENIA

List of lakes and main descriptors selected by the partners in the 2005 questionnaire.
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Application of the Austrian method
One of the European typologies used in the Alpine region is the Austrian typology, which became official with the Water law - amendment
2003 BGBL. 1 - No. 82/2003 and came into force on the 22nd of December 2003.
The Austrian typology is based on the location of Eco-regions as below.

Lake Worther See - © Copyright Julia Lorber. 2005.

Bioregions within the Eco-region “Alps”
Sub eco-region “Central Crystalline Alps”
1. Glaciated Crystalline Alps
2. Non-glaciated Crystalline Alps
3. Ridges and Foothills of the Crystalline Alps
Sub eco-region “Limestone Alps”
4. Sandstone Mountains and Ridges
5. Limestone Foothills
6. Limestone Alps
7. Southern Alps
8. Swiss Vorarlberg
9. Alpine Molasse
Bioregions within the Eco-region “Central Highlands”
Sub eco-region “Piedmont”
10. Piedmont in Vorarlberg
11. Bavarian-Austrian Piedmont
Sub eco-region “Bohemian Massif”
12. Granite and Gneiss Region of the Bohemian Massif
Bioregions within the Eco-region “Bassopiani ungheresi”
13. Eastern Ridges and Lowlands
Bioregions within the Eco-region “Balcani occidentali dinarici”
14. Graz Basin and Grabenland
15. Southern inner-alpine basins
Eco-regions and bioregions used as reference for Austrian water body typologies.
Starting from Eco-regions and Bioregions, Austria defined some criteria to create sub-categories such as: lake altitude, lake mid-depth,
biological criteria (macrophytes, fish, trophic level) as reported in the following Table.
Ecoregion
Bioregion
Altitude
Mean depth
Macrophytes
Fish
Trophic level

Hungarian lowlands
Eastern hills and lowlands

1
zander
Mesoeutrophic
A1
Special
type
Neusiedler
See

Central low mountain range
Dinaric western Balkans
Swiss - Vorarlberg Bavarian – Austrian Central alpine basin
Prealps
Prealps
< 200 m
200 – 600 m
200 – 600 m
200 – 600 m
<3m
> 30 m
< 15 m
> 15 m
1
1
(1) - 2
No fish
bream
bleak
bleak
bleak
eutrophic
Mesooligotrophic
OligoOligo-mesotrophic
eutrophic
mesotrophic
A2
A3
B1
B2
C1
Salted
Great
Special type
Prealps great
Carinthian great lakes
lake
floodplains
Bodensee
lakes
< 600 m
and bayous

Eco-regione
Bioregion Northern limestone Limestone Prealps
Alps and
limestone Prealps
Altitude
200 - 600 m
600 – 800 m
Mean depth
> 300 m
> 15 m
Macrophytes
3 (4, 5)
5 (6)
Fish
Minnow
char
Trophic level
oligotrophic
oligotrophic
D1
Great deep
lakes of
northern
limestone
Alps
Austrian Lakes typology
44

Great flat –
moderately
deep lakes of
limestone
Prealps

Alps
Central Alps
without glaciers

Northern high
mountain range

Southern Alps

600 – 800 m
> 30 m
9
bleak
Oligo/oligomesotrophic

800 – 1800 m
> 15 m
6, 7, 8
char
oligotrophic

800 - 1800 m
> 15 m
10
char
oligotrophic

Great lakes of
central Alps

Great deep
mountain
lakes of
limestone
high Alps

Special type
Weissensee

This kind of typology is very interesting since it can clearly define eco-regions and bioregions and describe the characteristics of the lakes
present in each region: altitude, mid-depth, biological description (macrophytes, fish, trophic level). When partners tried to apply this typology to identified lakes, they noticed that not all the lakes included in the Alplakes project are within alpine eco-regions (because the Interreg
Alpine Space includes administrative regions larger than alpine eco-regions). This kind of typology groups together lakes within the same
area (eco-region and bioregion) and then divides them according to altitude and mid depth (deeper than 15m or 30m depending on the
eco/bioregion) and biological criteria.
This kind of typology allows us to identify large and/or deep lakes: “Great Carinthian lakes”, “Great lakes of central Alps”, “Great deep
mountain lakes of the limestone high Alps”, but it does not define “small lakes”, for which a specific approach is needed.
Application of the French method
Another important lake typology in the European countries included in the Alpine Space is the French typology. In France, the WFD was
adopted with Act No. 2004-338 and came into force on 21st April 2004. This Act is associated with a large number of guidelines and
documents, as reported in the foolowing Table.
• Guidelines on how to define the state of places (Guide d’élaboration de l’état des lieux) and annexes (annexes) (circular letter
DCE 2003/01 dated 20th May 2003)
• Guidelines on “pressures and impacts” (Guide “pressions et impacts”) and annexes (annexes) (circular letter DCE 2003/02 dated
15th May 2003)
• Guidelines on the delimitation of bodies of groundwater (Guide de délimitation des masses d’eau souterraines) (circular letter
DCE 2003/03 dated 25th June 2003)
• Methodological guidelines on the initial characterisation of bodies of groundwater (Guide méthodologique de caractérisation
initiale des masses d’eau souterraine) (circular letter DCE 2003/03 dated 25th June 2003)
• Framework document on the predictive identification of heavily modified water bodies (Document de cadrage pour l’identification
prévisionnelle des masses d’eau fortement modifiées) (circular letter DCE 2003/04 dated 29th July 2003)
• Tasks of groundwater monitoring networks (Cahier des charges des réseaux de surveillance des eaux souterraines) and relevant
circular letter (circulaire de diffusion) (circular letter DCE 2003/07 dated 8th October 2003)
• Circular letter DCE 2004/05: framework document on the consultation of citizens (consultations du public - Note de cadrage)
• Circular letter DCE 2004/06: analysis of water rating to restore services (analyse de la tarification de l’eau et à la récupération des
services)
• Circular letter DCE 2004/08: reference networks (réseaux de références)
• Circular letter DCE 2004/9: water data matrix (schéma directeur des données sur l’eau)
• Circular letter DCE 2005/10: SDAGE – programme of measures – 9th action programme (SDAGE - programme de mesures
- 9ème programme d’intervention)
• Circular letter DCE 2005/11: surface water typology (typologie des eaux de surface)
• Circular letter DCE 2005/12: definition of good status (définition du bon état)
• Circular letter DCE 2004/15: organising public consultations (organisation de la consultation du public)
List of guidelines and documents issued to adopt the WFD in France
One of these documents is really interesting for our research on typology and the definition of “small lake”: circular letter number DCE
2005/11 dated April 29th, 2005 and entitled “Surface water typology: river, lake and coastal waters”. This typology concerns lakes exceeding 50 ha, but is applicable also to smaller lakes (between 20 and 50ha).
The criteria to define and group lakes are based on the following elements:
• Origin: if the lake is anthropogenic (weir, dam) or natural. If the water body is man-made (dam, weir), typology is based on hydraulic
characteristics; if it is natural, typology is based on the Hydro Eco-Region (HER) location and on the basin form.

A

B
P

L

LP

Formes théoriques de cuvettes lacustres
(La ligne pointilléè inique la limite théorique de profondeur maximale de la thermocline en été)
22 French 1st level HER based on:
Low deep, shore zone important, thermal stratifica-Basin geographical characteristics
tion weak or instable (polymictic lakes)
-Geologic characteristics
P: Deep, shore zone reduced, thermal stratification
-Climatic characteristics
stable (monomictic or dimictic)
The calcareous/siliceous criterion is influenced by
LP: Both deep stratified zone (mono/dimictic) and imthe location within a HER
portant shore zone. Symmetric or not.
Theoretical lake basin shapes(A) and Hydro Eco-Regions used for the French natural lakes typology (B)
L:
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French classification is based in particular on lake location within the Hydro Eco-Region and the type of shore zone. For example, in the
Alps, lakes can be:
•
High mountain lakes with shore zone (N1),
•
High mountain lakes with bare shore zone (N2),
•
Mid mountain lakes, calc., not deep (N3),
•
Mid altitude, deep, calc., shore zone (N4), example: lake Annecy.
This kind of typology can be applied to the alpine regions in Europe, by using the European Cemagref eco-regions (not published) based
on geology, climate and land incline. (See Table “alpine geological map” and Table “Cemagref European HER delimitation with geological
description).

Schematic geological map of the Alps (released by the author in the public domain http://en.wikipedia.org/wiki/Image:Alps_geology_
map_en.jpg).

Geological classiﬁcation

Cemagref geological map of eco-regions in Europe
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If the French typology is applied to all partner regions and their identified water bodies, identified lakes are divided by location, as with the
Austrian typology, and then by shape (except for Trento, Belluno and Piedmont artificial lakes). Like the Austrian typology, the French typology groups lakes by location but does not define small lakes.
Application of the Italian method
The Italian typology is not based on Eco-Regions location, but on latitude: North or South of the 44th parallel, separating the alpine area
from the Mediterranean. This typology focuses on altitude, lake depth and lake surface size.

Latitude < 44°
Altitude > 2000m

Ex Cat.22, salted
lakes
M-a to M-g
Mediterranean
AL-b or AL-a

Av Depth < 15m

Altitude > 800m

Max Depth >120m
Or Surface >100 km2

Av Depth < 15m

AL-e
Mis
Corlo
Cadore
Wörthersee
Millstätter See
Ossiacher See
Valvestino

Orta
Caldonazzo
Annecy
Bourget
Aiguebelette
Paladru
Gr Avigliana
Viverone
Lake Bohinj
Ledro

In July 2006, CNR (the National Research
Centre) proposed to the ministry for the
environment a new typology for lakes,
derived from IRSA-CNR typology, based on:
conductivity, latitude, altitude, max depth,
mean depth, but without substratum.
There are 2 families of categories: M:
Mediterranean, A: Alpine.

AL-c

AL-g

Como
Garda
Idro
Iseo
Maggiore
Leman

AL-d

Santa Croce
Annone Est
Ghirla
Mezzola
Pusiano
Segrino
Varese
Pi Avigliana
Cei
Terlago
Candia
Levico

AL-f

Misurina
Alleghe
Santa Caterina

Ceresole Reale

Most of the Alplakes are:
AL-c very large or very deep
AL-e smaller than 100 km2 but
from 15 to 120m deep
AL-d smaller than 100 km2 but
less than 15m deep
This typology divides lakes
between very large and other
lakes but does not identify
“small lakes”.

wrong
right

Dichotomous Italian lakes typology proposed by CNR and Alplakes classiﬁcation.
By applying this typology, it is possible to group lakes from different regions (in category AL-e there are lakes from all partner regions) and
focus on very large or deep lakes (AL-c Category), however, this typology does not define or group lakes that can be considered “small
lakes”.
Conclusions
Once lakes are divided by size, by observing the physical characteristics of lakes and their catchment basins, it is possible to find some
common elements shared by all the lakes of each category. As for small lakes, they are included in 32 of these categories (very small lakes
= smaller than 1km² and small lakes = smaller than 10km²).
Very large lakes: >100 km².
Long residence time :Garda 26 years, Leman 11 years,
Maggiore 4 years.
These lakes and their catchment basins host large urban
areas and tourist facilities along the shores.
They are often natural borders between regions or countries:
Como, Maggiore, Leman, Garda.
Large lakes: between 10 and 100 km².
Long residence time (Worthersee 10.5 years, Orta 8 years,
Iseo 4 years).
The catchment area is smaller than that of very large lakes
but urban pressure and tourist facilities are similar (Annecy,
Bourget).

Small lakes: between 1 and 10 km².
When natural, residence time is often less than 2 years
(except particular cases: i.e. lake Viverone, 7 years).
Not a large urban area but small towns; tourism more or less
developed.

Very small lakes: <1 km².
Short residence time: often less than 2 years.
Sometimes 1 or 2 small towns, often partially out of the catchment area.
Tourism can be important compared to the surface, very fast
response to pressure.

Alplakes common characteristics according to the 4 size categories deﬁned in WFD-Annex 2.
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Thanks to the Alplakes partnership, it was possible to collect detailed data on the water bodies present in the regions involved. The application of national methods and the proposed European method enabled partners to identify 2 groups of small lakes, according to surface;
however, it was not possible to define objectively the innermost nature of “small lakes”.

Lake Como - © Copyright Coordinamento Turistico Lake Como

ARPA Piedmont ETB method for “small lakes” was applied, among the two groups of small lakes identified according to the EU approach,
to a group of 4 Italian lakes located in 3 significant areas: Candia (agricultural context), Avigliana (2 lakes - urban context) and Ceresole
Reale (artificial lake in a high mountain context).
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The database of direct lake restoration actions
Lake processes and categorisation
The correspondence between nutrients (phosphorus and nitrogen) and primary production is the basis for lake categorisation. Lakes poor
in nutrients are called oligotrophic and said to have a low concentration of algae that is reflected in high water transparency. Mesotrophic
lakes have good transparency and an average level of nutrients and algal biomass. Eutrophic lakes are rich in nutrients, thus having good
plant growth and possible algal blooms. Hypertrophic lakes are water bodies excessively rich in nutrients, responsible for poor clarity and
devastating algal blooms. The excessive nutrient inflow due to anthropogenic activities overruns the ability of the ecosystem to assimilate
nutrients. Hence, the aesthetic quality of the lake is negatively affected by the growth of noxious algae and macrophytes; algal blooms of
“smelly” floating algae being the consequence.
The oxygen content decreases due to nutrients overload and high organic production. As a consequence, the natural assimilation of
nutrients by the lake ecosystem no longer takes place. Aerobic organisms decompose organic material more efficiently than anaerobic
organisms. Aerobic organisms feed on the organic material contained in the sediments and increase their body mass and reproduction
rate. Aerobic conditions at the lake bottom benefit the whole aquatic environment and cause natural lake restoration. The decomposition
process of organic material in anaerobic conditions is slower. While in an aerobic situation there is a reduction in organic sediments, anaerobic digestion leads to an increase in organic sediments. In anaerobic conditions in the depths of lakes, bacterial enzymes and lack of
oxygen make the phosphorus stored in sediments soluble. Then, the nutrients return to the water column and become available to primary
production again (algae growth). Anaerobic conditions at the lake bottom negatively affect ecosystem functioning.
Lake use
Lakes provide humans with services that include water for irrigation, public supply, industry, energy cooling and dilution of pollutants,
hydroelectric power, transportation, recreation, fishing, and aesthetic enjoyment (POSTEL & CARPENTER 1997). Scientific studies of
lake ecosystem processes have shown that as water use increased and lakes degraded, it was important to understand lakes within the
environmental context of their catchment basins (LIKENS 1984, WETZEL 1990). During the past decades, changes in agriculture, riparian
land use, forestry, fossil fuel consumption and the demand for ecosystem services (like the use of ecosystems for recreation, eco-tourism,
natural areas etc.) have connected lakes to larger social and economic issues (POSTEL and CARPENTER 1997). That is why the sustainable restoration of lakes must address the social and economic responsibilities (CARPENTER & COTTINGHAM 1997) lying underneath
the biotic and chemical causes of lake degradation. The most common causes of lake degradation are pollutants from agriculture and the
demographic and social changes linking lakes on a large-scale to human systems.
In the past, many communities became aware of lakes conditions and saw the connections between sewage water, watershed and lake
ecosystem malfunctioning. Therefore, they started investing in wastewater treatment plants and sewage systems to reduce the nutrient
loads from catchment areas. This was an important and useful step to start the re-oligotrophication of lakes, but in some cases these
measures were insufficient, because they affected only the upper part of the water body and not the deepest part, which remained rich in
nutrients. Many lakes are the object of restoration measures, particularly the lakes of public interest for water supply or recreational purposes, to avoid algal blooms originating from the presence of nutrients in the bottom layers.
Restoration methods
The goal of sustainable restoration is having a natural, self-regulating system; hence, it focuses not only on the treatment of polluted lakes
but also on their surroundings (e.g. restoration of riparian and wetland vegetation and of macrophytes; reduced fishing of native fish; reduction of phosphorus use for agricultural purposes), which changes are linked to social and economic processes at the regional level
having nation-wide repercussions.
Considering the economic benefits of clean lakes, it surprises to notice that lakes continue to degrade and restoration programs are just
a few. The causes of lake degradation are known and many useful technologies for lake restoration exist. Why then is lake restoration still
so difficult?
The fundamental problem of lake restoration is an economic mismatch, namely, on the one hand, those who cause the problem do not
benefit sufficiently from corrective actions, and on the other, the beneficiaries of lake restoration are not those who caused the degradation.
The economic benefits of clean lakes need to be channelled to create incentives to reduce phosphorus use for different purposes. The
water framework directive (WFD) of the European Commission (EC) regulates the incentives to be granted to reach good ecological status
and avoid degradation.
Agriculture and urbanisation can contribute to change lake water quality from good to degraded. However, lake degradation is not a
necessary consequence of agriculture and urbanisation. It is possible to maintain high-quality lakes in developed areas. Lake restoration
requires economic and ecological measures. Sustainable restoration links the economic benefits of clean lakes with increased awareness
of environmental protection. The management of lakes and their catchment areas is a complex process, interdisciplinary by nature and
involving many factors that, often, make it difficult to decide where to start. Hence, compromises are made between study and action,
protection and conservation, restoration and maintenance, expenses and experience.
chiedono compromessi tra studio e azione, protezione e conservazione, recupero e manutenzione, spese ed esperienza.
Most restoration measures aim at reducing phosphorus in order to clean polluted lakes and reservoirs. To attain this goal, biological, chemical or physical procedures can be followed:
Biological procedures:
• Bio-manipulation
• Primary sedimentation basin
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Chemical and biochemical procedures:
• Reduction of phosphorus
Physical procedures:
• Hypolimnetic oxygenation
• Hypolimnetic withdrawal
• Sediment dredging
• Flushing or dilution
• Harvesting or elimination of algae and macrophytes
• Sediment capping
Primary sedimentation basin
• Sonication
• Artificial mixing or de-stratification
Physical, chemical and biochemical procedures are
time-consuming, rich in by-products and require expensive equipment and long-term maintenance. By comparison, biological measures are advantageous in terms of
costs, maintenance and energy consumption.

Lake Worther See - © Copyright Julia Lorber. 2005.

Why a restoration database?
Within the multilingual alpine region, extensive knowledge about lake management exists at national, regional and institutional levels. Every
country has experience in dealing with water management and especially lake water management.
The project partners know many examples of direct actions on lakes. Unfortunately, this extensive knowledge is very often documented
only for administrative use or is only published at the regional level and is therefore inaccessible to lake managers. This situation is unsatisfactory because access to the experience gained from lake restoration measures, is difficult and time-consuming.
With the database of the restoration measures carried out in alpine region lakes, we hope to lay the foundations for the future by collecting
as much information as possible about lake problems, restoration methods, their functioning and sustainability.
The aim of the database is offering a comprehensive overview of the restoration methods applied to alpine lakes. The database also collects data concerning unsolved lake management problems and helps identifying common problems, requiring an agreed approach and
investigation, to pull resources and save money.
The database will support lake managers in finding contact people, documents, technical equipment, to reduce costs and tackle similar
lake problems, by describing different restoration methods and how successful they were in solving specific problems.
The database will provide essential information to the people involved in lake management, enabling them to understand available options
and narrow choices, but it cannot replace advice by lake management experts. Moreover, it cannot predict and address any possible
situations that could arise or any factors to be considered when making a decision. As there are different ways of restoring a polluted lake,
it is important for lake managers to know as much information as possible about the pros and cons. Hence, the more the database is
enriched with examples, the more useful it will become.

Lake Ossiacher See - © Copyright Julia Lorber. 2005.

What is the Lake Restoration Questionnaire within the scope of the “ALPLAKES” project?
The database has been developed to be progressively enriched with new scientific knowledge, technical methods and experiences. Therefore, all lake managers within the alpine space are asked to fill in the lake restoration questionnaire with examples of restoration measures
and/or unsolved lake problems. Only with their contribution will the database become a useful and practical tool to support decision makers
in taking the necessary measures. You can download the questionnaire from the “Alplakes” homepage (www.alplakes.org) in the section
“environment” of chapter “Action 7”.
The following pages report a short overview of the database.
The questionnaire and the database were developed, on behalf of Department 15 – Environment of the provincial government of Carinthia,
by the Carinthian Institute for Research on Lakes (Liselotte Schulz, Roswitha Fresner, Andrea Rauter and Gabriele Wieser).
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DESCRIPTION OF THE DATABASE
In the first screen of the database, the user may choose
between “Problems” and “Methods” to search for lakes in the alpine region where certain problems were observed or methods
implemented, respectively (Figure 1).
Searching for lakes with similar problems
If the user clicks on “Problems”, a window opens with information
and additional options (
Figure 2). In the box “Problems”, the user may choose between
Algal blooms, Cercarial Dermatitis, Decrease in Reeds, Erosion
of Banks, Fish, Macrophytes and Other Problems (problems that
did not fit into the categories listed above). When the user selects
a problem, in the box “Implemented Restoration Methods” a list
appears with the name of the lake and the restoration measure
implemented according to the chosen problem. Simultaneously,
in the box “Lakes”, morphometric data of the lake appear to enable the user to choose a lake that is similar to the one with the
eutrophication problem he/she is dealing with.
To obtain further information about a specific lake, the user has to
click on the lake name in the “Lakes” box and then click on one
of the buttons at the bottom of the page.
The red-text buttons give detailed information about the selected
lake irrespective of the chosen problem. The blue-text buttons
are links to documents with detailed information about the chosen problem occurred at the selected lake.

Figure 1: First screen of the database.

Red-text buttons
Parameters
The window “Parameters” provides the user with some general
data about the lake (morphometric data, circulation trend, main
uses, origin of loads, use of wastewater treatment plants) and
with information on average, minimum and maximum values 5
years before the restoration measure was implemented, during
implementation and 10 years after implementation, to quantify the
success of the restoration measure. A graph displays the data.
Information includes data about Secchi depth, water temperature,
electric conductivity, 3 mg/l oxygen layer, oxygen concentration
above lake surface, sulphate above lake surface, total phosphorous concentration in the epilimnion, total phosphorous concentration above lake surface, nitrate concentration in the epilimnion,
ammonium concentration above lake surface and phytoplankton
biomass of the epilimnion (Figure 3).
In the upper right corner of the window “Parameters” there is a
button to go back to the windows “Problems” and “Methods”,
respectively.

Figure 2: The “Problems” window gives the opportunity of selecting a problem, choosing a lake, according to morphometric
data, and the restoration method implemented and links to detailed documents.

Limnological Development and Literature
The button “Limnological Development and Literature” links to a document reporting information about the changes in the water quality
of the investigated lake and detailed information about the eutrophication problem and applied restoration measures (Figure 4).
The second part of the document reports the literature concerning the chosen lake (Figure 5).
“Details on ﬁsh abundance” and “Organisation-CostsContacts”
The document provides information also about the lake and its
fish stock. Next to the English name, the scientific name is listed.
You also find information on fish stocking.
The costs of the restoration measure and contact addresses are
listed in the section “Organisation-Costs-Contact”.

Figure 3: The window “Parameters” contains general information
about a lake and chemical and physical data before and after the
implementation of a restoration measure. The data are displayed
in a graph.
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Blue-text buttons
Blue-text buttons link to documents reporting the details of the
chosen problem. If the selected lake does not have the problem
written in the button, the document contains no information.
Figure 6 shows the details of the algal bloom problem in Lake
Ossiacher See with the name of the algal species, the year and
the expansion of the bloom on the lake surface.
Searching for lakes where certain restoration methods
were implemented
If the user clicks on the “Methods” button in the first screen of the
database (Figure 1), the window “Methods” opens.
This window is similar to the “Problems” window and contains a
box with common restoration measures to choose from. If the
user selects a method, all the lakes where the chosen method
was implemented appear in the box “Lakes”. The box “Problems”
provides additional information about lakes and their problems
(Figure 7).

Figure 4: Document on the limnological development of a lake.

The buttons with red and blue texts at the bottom of the page under the “Lakes” box, are the same as in the “Problems” window.
To open another window or document by clicking on one of these
buttons, the user must select a lake first.

Figure 5: Literature in the second part of the limnological development document.

Figure 7: The window “Methods” enables the user to select a
given method and obtain morphometric information about the
lakes where the chosen method was implemented and their
problems.

Figure 6: an example of detailed problem description: algal blooms
in Lake Ossiacher See
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LakeLake
Bourget
Bourget
The “lac du Bourget”, the largest natural lake in France, is located in
the heart of Savoy. The inhabitants have been living on the banks from
the prehistory age. During the roman periode there was an important
development of the thermal baths “Acquae” which became later AixlesBains.
This is also the cradled of the dynasty of the Maison de Savoie which
offers us different historical spots, such as Hautecombe Abbey, main
necropolis of the House of Savoy Princes, where the last kings of Savoy are buried, or even the castle of the Duchy of Savoy.
During the 18th and the 19th centuries, numerous Romantics (poets,
artists… ) as Jean Jacques Rousseau and Alphonse de Lamartine,
came and stayed in the region ensuring the fame of Aix les Bains.

State
Region
Province
Municipalities
Geographical Coordinates
of the lake centre

Lake catchment

Geographical position

France
Rhône-Alpes
Savoie
61 municipalities
Lambert II Carto : 874500 / 2087300 m

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

653,81
1563
500
6,11
9

Leysse, Sierroz
Canal de Savières

km²
m s.l.m.
m
m³/s
m³/s

Main characteristics of the lake

Surface
Ratio catchment area/lake area
Perimeter
Average altitude
Maximal Depth
Average Depth
Volume
Water change time

44,5
6,65
51,8
231,2
145
81
3600
7

km²
km
m
m
m
M m³
years

Temperature and rainfall
25

120
20
100
15

80
60

10

40
5
20
0

0
Jan

Feb

March Avril

May

1-Rainfall (1973-2000)

June

July

Aug

Sept

Oct

Nov

Mean temperature (°C)

Mean rainfall (mm/month)

140

Station
Source
Period of measure
Mean temperature
Period of measure
Mean rainfall

METEO FRANCE
1973-2000
11° C
1973-2000
1297 mm

Dec

1-Temperature (1973-2000)

53

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 02/03/05
Station : point B Centre lac
328
7.8
2.9
2.7
8.0
51.3
5.6
5.0
1.6

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

Year 2005

140 m

µS/cm

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

33.0
26.0
0.7
0.7
0.003

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)

80
70
60
50

MEI Index-Theoretic natural level
11.4 µg P/l
of Tot. Phosphorus :

40
30
20
10

Trophic state classification
Mesotrophic

Transparency
05/04/05
15/03/05

Chlorophyll a in the euphotic layer

6.7 m
2.4 m
14.5 m

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
0

2

4

6

8

10

12

14

16

18

20

22

24

10000

0

9000
8000

30

7000
Biomass in mg/m

3

45
Depth (m)

3.2 µg/l
12.2 µg/l

Phytoplankton (0-20 m)

15

60
75
90

105

Temp. mixing (°C)

120

O2 mixing (mg/l)

135

Temp. stratif. (°C)

150

O2 stratif. (mg/l)

Mixing sample 02/03/05
Stratification sample 10/08/05
In the late 1950s, as a result of the constant and increasing
pressure of human activities, Lake Bourget along with many
other sub-alpine lakes, experienced the early stages of water
eutrophication. At the end of the 70’s, local policy decided to
plan a vast restoration program with the goal to protect the
water quality of the ecosystem. Thus, in 1980, the construction of a vast ring of main drains and a 12 Km montain tunnel were built in order to divert the treated waste water away
from the catchment basin, towards the Rhone river. Hence,
the nutrient enrichment period was closed and such an effort allowed to improve the water quality so that Lake Bourget can be now considered to be mesotrophic. This reoligotrophication process can be inferred from the increase in the
nitrate:phosphate ratio, the intensification of the “clear-water
phase”, and the reduction in the total phosphorus and chlorophyll a concentrations observed during the last 25 years. It
is noteworthy however that, blooms of Planktothrix rubescens
have occurred since 1999 and have been maintained subsequently, at least during summer and autumn periods.
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01/04/05

6000
5000
4000

Euglenophyceae
Desmidiaceae
Xanthophyceae
Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae
Cryptophyceae
Diatomophyceae

3000
2000
1000
0
14/0
1/04
17/0
2/04
16/0
3/04
20/0
4/04
17/0
5/04
25/0
6/04
20/0
7/04
24/0
8/04
21/0
9/04
20/1
0/04
16/1
1/04
13/1
2/04

Annual average transparency
Minimal transparency
Maximal transparency

2005

2002
2003
2004

2000
2001

1998
1999

1996
1997

1994
1995

1992
1993

1990
1991

0

LakeLake
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Characées :
Nitellopsis obtusa, Chara gr. Vulgaris, Chara gr. Globularis.
Végétaux supérieurs :
Potamogeton pectinatus, Phragmites australis, Myriophyllum spicatum, Potamogeton gr. Pusillus, Schoenoplectus lacustris, Ceratophyllum demersum, Nymphaea alba, Nuphar
lutea, Najas marina, Zannichellia palustris, Elodea canadensis, Elodea nuttallii, Typha latifolia, Potamogeton perfoliatus, Potamogeton nodosus, Potamogeton lucens, Iris
pseudacorus, Callitriche sp., Phalaris arundinacea, Potamogeton crispus, Utricularia sp., Najas minor, Nitella mucronata, Groenlandia densa, Hippuris vulgaris, Myriophyllum
verticillatum, Eleocharis acicularis, Fontinalis antipyretica, Lemna minor
BENTHIC INVERTEBRATE FAUNA

No available information.
.

MAIN USES
BATHING

Bathing water quality (2007)

There are 10 public beaches around the lake where the water quality is conformed with the law.

Total number of monitored sites: 10
Number of site where bathing is allowed: 10
Number of site where bathing is forbidden:0

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

There are two abstraction points on the lake Bourget, classified A1
and A2 according to the Directive 75/440/EEC.

Drinking water abstraction
Abstraction point on the lake:

The amount of abstracted water is 1,72 Mm³ per year in 2006.
The totality is used for public supply on the local collectivities of
Aix-les-Bains, Brison, Grésy and Tresserve. They are also alimented per abstraction in the ground water.
Because 40% of the output is lost in the network, people consume only 96 l/inhab/day of water from the lake.

Location

Aix les Bains
Tresserve

Classification
(Dir. 75/440/CEE)

Volume
(Mm³)

A2
A1

1,5
0,22

Amount of water used for public supply (at catchment scale): 1,72 Mm³
Other water use : none

FISH FAUNA AND FISHING

Fish species
- Arctic Char - Omble chevalier (Salvelinus alpinus)
- Lake white fish - Corégone ou “Lavaret” (Coregonus lavaretus)
- Lake trout - Truite lacustre (Salmo trutta lacustris)
- Pike - Brochet (Esox lucius)
- Zander - Sandre (Stizostedion lucioperca)
- Perch - Perche (Perca ﬂuviatilis)
- Roach - Gardon (Rutilus rutilus)
- Rudd - Rotengle (Scardinius erythrophtalmus)
- Cat fish - Poisson-chat (Ictalurus melas)
- Carp - Carpe (Cyprinus carpio)
- Chub - Chevesne (Leuciscus cephalus)
- Tench - Tanche (Tinca tinca)
- Bream - Brème (Abramis brama)
- White bream - Brème bordelière (Blicca bjoerkna)
- Gudgeon - Goujon (Gobio gobio)
- River blenny - Blennie fluviatile (Salaria ﬂuviatilis)
- Burbot - Lote (Lota lota)
Crostacei
- Spiny cheek crayfish - Ecrevisse américaine (Orconectes limosus)

Since the improvement of the lake water quality and the start of the
“Pacage lacustre” programm, the species known as « nobles »
(lake salmonids) are caught again. A next study will determine the
part of whitefish and charr stocks coming from the “pacage lacustre” and the part coming from the natural recruitment. The catches
of perch (juveniles+adults) , which are traditionnal in the Bourget
lake, are maintained on a good level. The Bourget lake supports
actually a global production of 9 kg/ha.
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CATCHMENT AREA

SOIL MANAGEMENT
LAND USE

Figure 1
Land use

The Bourget’s catchment is composed of a large part of forest and
semi natural areas (48%). The agriculture uses an important part of
the land (32%).
12% is a high percentage for “artificial surface”. It represents mostly
the urban areas of Chambéry and Aix-les-Bains, the largest cities in
the department of Savoy. So, a specificity of the catchment is to be
a “peri-urban” zone.

ARTIFICIAL SURFACES
LAND USE

Figure 2
82% of the artificial surface is due to urban fabric.
Between 1973 and 2000 artificial area most than doubled with the
detriment of agricultural lands (around 200 ha of agricultural land
disappear per year). The main reason is the construction of new
individual residences.

15%

1%

2%

Percentage of
artiﬁcial surface
CLC subclasses

82%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL SHORELINE

An aerial mapping has been used to evaluate this indicator.
The total length of the shoreline is 51,8 kilometers.
57,5 % is artificial, taking into account the urban surface in a 15
meters band from the shore. It includes infrastructures, buildings,
houses, jetties, marinas and arranged beaches.
The East coast is the most artificial: the railway and the road are
adjacent to the shore.
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Figure 3
Artiﬁcial shoreline of lake Bourget

LakeLake
Bourget
Bourget
URBAN DENSITY AND TOURISM

The resident population in the catchment of the Lake Bourget was 177.562
inhabitants in 1999. Almost the half of the population of the department of
Savoy lives in the area.
Including the average of tourist population, the density is 280 inhab/km2.
The population still increases yearly by + 1,1%: The last 30 years the population increased by 57% in the 11 bordering collectivities with the lake.
The high touristic period is the summer, with a maximum of 30.000 tourists.
The density of population is high in Chambéry, Aix les Bains and in the areas
surrounding these two urban centers. The peripheral collectivities are rural.

Number
Resident population
Tourist population
Total population
Ratio Tourists to resident population: 0,03

177.562
5.500
183.062

Figure 4
Total population density (municipal level)

Density
Inhab./km²
271,58
8,41
280

POTENTIAL LOADS FROM DOMESTIC SECTOR

The domestic loads correspond to 183 000 p.e.
Theoretical loads.
Population
Resident p.
Tourist p.
Total

p.e.
177.562
5.500
183.062

COD
(t/a)
8.363
259
8.622

BOD
(t/a)
3.888
120
4.009

N
(t/a)
797
24,7
821,7

P
(t/a)
117,9
3,63
121,53

INDUSTRY
TIPOLOGY OF INDUSTRY

There are 537 industries in the catchment. They employ 7714 employees.
The highest concentration of industries is located in Chambéry and
Aix-les-Bains, main urban centers of the lake catchment. The local
collectivities surrounding these two cities have industries as well.
The techno pole “Savoie Technolac”, which is dedicated to high-tech
and environmental technologies, is based near by the Bourget lake.
The others areas of the lake catchment are more rural with an economy based on agriculture, tourism and services.
Source : SCOT 2005

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC code
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
4
183
18
5
0
63
0
4
10
30
112
94
14
537

Number of emplyees
36
1.797
99
239
0
328
0
44
222
816
1.932
1.836
365
7.714

Number of industrial units and employees (broken down by industrial sector)
INDUSTRIAL SITES AT RISK

There are two sites SEVESO in the catchment : a petroleum deposit
and an abattoir.
There are also 165 Classified Installations for Environmental Protection. Those sites could potentially cause damage to the environment
and need official authorisations to be under operation. Their activities
concern mainly breeding, agro alimentary, industries, transportation
(airport).

Industrial sites at risk
Survey has been carried out in the surroundings of the lake in a
buffer 5 km wide.
Municipality
Chambéry
Albens

Typology of industrial activity
SEVESO
SEVESO
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CONTAMINATED SITES

There are 74 contaminated sites in the catchment. 40% of them are concentrated in Chambéry and in its surrounding urban area.

POTENTIAL LOADS FROM INDUSTRY

Using the emission coefficients the industrial load correspond to
200.000 p.e.
However, considering the capacities of the WWTPs of Aix-les-Bains
and Chambéry, the industrial sector corresponds to 120.000 p.e.
As proposed in the guidelines, the phosphate load could correspond to 10% of the domestic loading: 12 t/y.

Potential loads
p.e.
Industry

194.397

N
(t/a)
77

P
(t/a)
12

COLLECTING SYSTEM AND WASTE WATER TREATMENT
WASTE WATER COLLECTING SYSTEM

In four local collectivities (Thoiry, Puy Gros, LaThuile and les Déserts), a part of the population has an autonomous sewage.
Final receiver:
- 25 WWTPs: 400.000 treated p.e.

Waste water collection system
Combined sewage system:
- Km of sewarage: 1000
- Collected people: 95%

Overflow:
- 10 overflows ( 8 in the urban area of Chambéry, 1 in the urban
area of Aix les Bains and 1 in the Bourget du lac)

Separated sewage system:
- Km of sewarage: autonomous cleansing
- Collected people: 5%

Industrial component:
120 000 p.e., 41% of the population

URBAN WASTEWATER TREATMENT

90% of the treated waste water, coming out from the WWTPs, is
transferred to the Rhône thanks to a canal going through the Epine
mountain.
The WWTPs loads on the lake do not take into account the three
major WTTPs (Chambéry, Aix les Bains, Le Bourget du lac), whose
the totality of loads are transferred to the Rhône.
Informations at basin scale:
Typology
Primary t.
Secondary t.
Tertiary t.
Tot

Number of plants

A.E.

25
0
25

400.000
400.000

Final receiver:
- lake Bourget: 0%
- other surface waters: Rhône river
Removal efficiency:

Parameter

( assessed by the use

BOD

theoretical factors):

COD

74%

Nitrogen

37%

Phosphorus

71%
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Removal efficiency
67%

Figure 5
Localisation of WWTPs

LakeLake
Bourget
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AGRICULTURE AND ZOOTECNY
TIPOLOGY OF CULTIVATIONS

The data from Corine Land Cover were not representative to estimate the typology of cultivations. The data of the Recensement Général
Agricole (RGA) 1999 have been used.
Breeding is quiet important and consumes more space than permanent crops. However, the vineyards are concentrated in some local
collectivities and represent an important percentage of the agricultural economy.

Figure 6

21%

1%

Typology of
cultivations

4%

74%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

PESTICIDE USE

67 t/y of pesticide are used in the lake catchment. 91% come from
agricultural practise.
The concentration of pesticide is: 102 kg/km²/y.
Source : Study FREDEC, 2000

Figure 7 Composition

ng/l

of the pesticides
concentration in water
surfaces (total : 100 ng/l)
in may and july 2006

13%

19%

Atrazine Déséthyl
Atrazine

37%

31%

Diuron
Simazine

AREA UNDER SUSTAINABLE AGRICULTURAL
PRACTICES

Figure 8
44% of the Utilised Agricultural Area is under agri-environnment measures in the catchment.

Percentage of UAA under agroenvironment measures

The measures which have been taking into account to evaluate the
percentages are :
- Agro environmental “grazier allowance”
- Agro environment measures of “Territorial Contract of Farm”
Agro environment measures of “Contract for Sustainable Agriculture”
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ZOOTECHNY

The data per collectivities are not available: the data per “canton”
have been used.
The “canton” of Aix-les-Bains has a low animal density: in this spa
town, an important part of the economy is based on hydrotherapy.
The “canton” of Chambéry North has a high density of animal density
(1657 cattle equivalent/km²). It acts of a farm working on intensive
breeding of poultry (150 000 poultries or 83% of the class “poultry
and rabbits” in the catchment). Without taking account this agro-industry, the animal density is 70 cattle equivalent/km²

Figure 9
Animal density in cattle equivalent (municipal level)

Typology
Number of animals
Cattle equivalent
Cattle
15.523
15.523
Horses
781
781
Pigs
4.063
813
Sheep and goats
2.790
372
Polutry and rabbits
180.873
723
Number of animals and livestock units

POTENTIAL LOADS FROM AGRICULTURE

The percentages “Typology of cultivations” (found thanks to the RGA
1999) have been applied to the total surface “Agricultural Lands”
(found with Corinne Land Cover 2000) in view to get relevant results

Theoretical loads.
Population
Sowable land
Permanent crops
Pasture
Market garden
Total

Km²
44
8
156
2
211

N (t/y)
880
80
624
25
1.609

P (t/y)
176
24
468
12
680

POTENTIAL LOADS FROM ZOOTECHNY

Using the BOD indicator, the loadings from zootechny represent
181.000 p.e.
Concerning the class “Poultry and Rabbits”, the industrial farm of
150 000 poultries has its own treatment plant to make compost.
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Theoretical loads.
Livestock
typology
Cattle
Horses
Pigs
Poultry and rabbits
Sheep and goats
Total

COD
(t/y)
6.674
335
786
397
330
8.525

BOD
(t/y)
3.104
156
365
180
153
3.961

N
(t/y)
931
45,3
61
90,4
19,5
1.148

P
(t/y)
140
7
18,3
36,2
7,8
209

A.E.
142.000
7.100
16.700
8.200
7.000
181.000

LakeLake
Bourget
Bourget
NATURAL AND SEMINATURAL AREAS
LAND USE

The natural and semi natural areas are mainly composed of forests
(97%).
Wetlands are not represented on this graphic. However, they constitute important habitat for biodiversity.
The surface of wetlands in the Bourget catchment is 425,27 ha or
1,4% of the class “forest and semi natural areas”.
Including the lake, which represents 6,8% of the catchment, wet
areas corresponds to 15,5% of the class “natural and semi natural
areas”.

3%

Figure 10

0%

Percentage of forest and
seminatural area CLC
subclasses

97%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

NATURAL PROTECTED AREAS

There are two types of zones :
- Recognized specific areas including Znieff, wetlands and Natural
Regional Parks.
- Protected regulated areas including RAMSAR, ZICO (Important
Bird Area), Natura 2000, Zone of Specific Protection (ZPS) and the
Prefectural Agreement of Biotope Protection (PABP). PABP is the
hardest rule of protection in the lake catchement.
The totality of the lake is covered by RAMSAR, ZICO and Natura
2000 zones. Its shoreline is fully included in measures of protection.
In the lake catchment, taking into account the overlapping :
- Recognized specific areas represent 43,10%
- Protected regulated areas represent 12,37 % (including 6,8% for
the lake itself)
Both types of zone are mostly overlapped.

Figure 11
Recognized speciﬁc natural areas

Figure 12
Protected regulated areas
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POTENTIAL AND EFFECTIVE LOADINGS
Potential loadings
32%

32%

Nutrients and pollutants balance

Potential loads from
different sectors

Source

Class
Zootechny emissions
Industries emissions
Household emissions

36%
Household emissions
Zootechnical emissions

Figure 13

I.E.
181 000
200 000
183 000

Industrial emissions

Household sector
Industrial sector
Agricultural sector
Agroozoothecnical sector
Total
n.c. not calculated

COD
t/a
8622
n.c.
n.c.
8.525
n.c.

BOD
t/a
4009
n.c.
n.c.
3.961
n.c.

Nitrogen
t/a
822
77
1.609
1.148
3.656

Phosporus
t/a
121
12
680
209
1.022

Phosphorus detailed balance
Point source
- t P/y

IWW
WWTPs

Industrial activites
12 t P/y
Public sewer
system
Domestic sector
121 t P/y

Overflows *

3,8 t P/y
10 t P/y
- t P/y

Individual
treatment

Out of catchment **
- t P/y

Diffuse source
Background

9,4 t P/y

Agriculture and zootechny
889 t P/y

26,7 t P/y

Atmospheric deposition

- t P/y
49,9 t P/y

* An evaluation of phosphorus loads made by CISALB (2006) reports a value between 7 to 10 t/y
** Most part of the loads collected in the public sewer system are diverted away from the catchment area
Effective P loadings
Theoretical Coefficient application
As showed above the phosphorus total load coming to the lake is about 50 t/y, due mainly to the diffuse source.
Monitoring data
Several elements of this balance can not be calculated (n.c.). However the effective residual loads of agricultural and industrial point source
and diffuse source may be relatively low.
In conclusion, concerning the effective P loading, the CISALB has assessed the lake receives 20t/y thanks to measure in its main tributaries.
Because phosphorus is the limiting factor for eutrophation, it generates development of toxic algas, potentially dangerous for human health.
There is no risk during the summer because there are deep enough not to disturb human activities. However, during the winter, abstraction
points have sometimes to stop the pumping because the rate of microtoxin is too important.
The CISALB, the University of Savoy and the National Institut of Agronomic Research (INRA) have undertaken a 3 years study to evaluate
the origins of the load of Phosphorus in view to reduce it. Considering the actual data, it seems the Phosphorus load comes from agriculture and/or overflows.
Loads from OECD models
Applying the OECD model for deep lake, the evaluation of the load of phosphorus is 73 t P/y, that is quite similar with the application of
theoretical coefficient, but it is quite different with the evaluation of load by monitoring data.
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Data
Morphometry
Hydrology and climatology
Land cover, land use

Population and tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater
treatment system
Agriculture

Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water
Biological quality of water

Source
Meteo France, 2007
CPNS, Corine Land Cover 2000
Artificial surfaces: Shéma de COhérence Territoriale (SCOT) 2005
Artificial shoreline: CPNS, 2007
Recensement de la Population (RGA) 1999, Agence Départementale du Tourisme
Comité Intercommunal pour le Suivi et l’Assainissement du Lac du Bourget (CISALB), 2006
Shéma de COhérence Territoriale (SCOT), 2005
Mission Développement Prospective (MDP), SCOT 2004
Direction Régional de l’Industrie, la Recherche et l’Environnement and Direction des Services Vétérinaires, 2006
Comité Intersyndical pour l’Assainissement du Lac du Bourget (CISALB), 2007
Comité Intersyndical pour l’Assainissement du Lac du Bourget (CISALB), 2007
Picture: Comité Intersyndical pour l’Assainissement du Lac du Bourget (CISALB), 2004 and 2006
RGA 1999
Sustainable farming areas: Mission Développement Prospective, Direction Départementale de l’Agriculture et de la Forêt,
2006
RGA 1999
Picture: Mission Développement Prospective (MDP), RGA 1999
Conservatoire du Patrimoine Naturel de Savoie (CPNS), 2007
Comité Intersyndical pour l’Assainissement du Lac du Bourget (CISALB), 2007
Comité Intersyndical pour l’Assainissement du Lac du Bourget (CISALB)
Comité Intersyndical pour l’Assainissement du Lac du Bourget (CISALB)
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Annecy
LakeLake
Annecy

Lake catchment

© F. Zvardon – ATD 73/74

Situated in the western foothills of the Alps, Lake Annecy (Haute-Savoie, 74) is the second France’s largest natural lake, covering a surface
area of 27 km². Lake Annecy was created by the last period of global
warming, which began 20,000 years ago and gradually removed the
ice from the valleys, shaped the slopes and allowed plant life, then
Man, to take over. The first direct traces of a sedentary population
around the lake date back to more than 4,000 years BC. Now, the
lake and its catchment basin attract large numbers of tourists, who
appreciate the quality of the scenery, the environment of Annecy and
the many leisure activities linked to the lake: swimming, sailing, diving,
fishing... The quality of the water means that it can be used as drinking
water for most of the neighbouring municipalities.

Geographical position

State
Region
Province
Municipalities
Geographical Coordinates
of the lake centre

France
Rhône-Alpes
20 municipalities
φ=45°51’54’’ λ=06°10’00’’

Main characteristics of the catchment area

Main emissary

Eau Morte, Ire,
Laudon, Bornette
Thiou

278
2351
900

km²
m a. s. l.
m
m³/s

~8

m³/s

Main characteristics of the lake

27
10,3
45,3
446
65
41
1.125
3,8

km²
140

km
m a. s. l.
m
m
M m3
years

Mean rainfall (mm/month)

Surface
Ratio catchment area/lake area
Perimeter
Average altitude
Maximal Depth
Average Depth
Volume
Water change time

Temperature and rainfall
25

120
20
100
15

80
60

10

40
5
20
0

0
Jan

Feb

March Avril

May

Rainfall (1973-2005)

Station
Manager
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall
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June

July

Aug

Sept

Oct

Nov

Dec

Temperature (1970-1998)

Cran Gevrier
Cran Gevrier
1973-2005
1205 mm

Annecy
Annecy
1970-1998
10,5 °C

Mean Temperature (°C)

Surface
Maximal altitude
Average altitude
Main tributaries

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 15/03/05
Station : Centre Grand Lac
285
8.1
2.6
3.1
4.2
45.8
4.1
2.7
0.7

Conductivity (25°C)
pH
Alkalinity
Silice SiO2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

µS/cm

m
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Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO3
Ammonium NH4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

Year 2005

5.2
1.0
0.3
0.2
0.006

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)

80
70
60
50

MEI Index-Theoretic natural level
13.6 µg P/l
of Tot. Phosphorus :

40
30
20
10

Trophic state classification
Oligotrophic

2004
2005

2002
2003

2000
2001

1998
1999

1996
1997

1994
1995

1992
1993

1990
1991

0

Transparency
21/06/05
06/12/05

Chlorophyll a in the euphotic layer

6.5 m
3.5 m
10.8 m

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
4

6

8

10

12

14

16

18

20

22

24

10000
9000
8000
7000
3

0
5
10
15
20
25
30
35
40
45
50
55
60
65

2

1.0 µg/l
3.5 µg/l

Temp. mixing (°C)
O2 mixing (mg/l)

6000
5000
4000

Euglenophyceae
Desmidiaceae
Xanthophyceae
Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae
Cryptophyceae
Diatomophyceae

3000

Temp. stratif. (°C)

2000

O2 stratif. (mg/l)

1000
0

Mixing sample 15/03/05
Stratification sample 13/09/05

08/0
2/05
15/0
3/05
12/0
4/05
25/0
4/05
10/0
5/05
24/0
5/05
21/0
6/05
05/0
7/05
26/0
7/05
13/0
9/05
18/1
0/05
15/1
1/05
06/1
2/05

Depth (m)

0

10/05/05

Phytoplankton (0-20 m)

Biomass in mg/m

Annual average transparency
Minimal transparency
Maximal transparency

© F. Zvardon – ATD 73/74

In the late 1950s, as a result of the constantly increasing pressure of human activity, the lake experienced the early stages
of eutrophication. However, local representatives took action
and, in 1961, started the construction of a vast ring of main
drains to divert waste water away from the catchment basin.
This was then treated and discharged downstream from the
lake. The nutrient enrichment period was therefore relatively
limited and the lake is now considered to be oligotrophic. It
is very clear, its water contains good oxygen levels and there
is a good variety and balance of the various biological groups
(phytoplankton, zooplankton, and fish).
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

The reeds (Phragmites australis) of the Lake Annecy, which in 1908 covered a surface area of 180 ha, today represent less than 16 ha. The
causes of this degeneration are multiple and complex, including the artificialisation of the shoreline, the installation of private pontoons (~700
around the lake), the stabilization of the level of the lake (protection of the shoreline, other priority uses), etc. Since more than 20 years,
numerous actions have been carried out in the attempt to preserve them (staking out of piles and fascines, setting up of legal protections,
etc.) (Blake, 1992).
However, hydrophytes are well represented, providind the habitat and food for the different biological communities (invertebrates, fish, aquatic birds…). At a depth between 1 and 5 m, a large diversity of hydrophytes is found; the main species are Shining pondweed (Potamogeton
lucens), Sago pondweed (Potamogeton pectinatus), Claspingleaf pondweed (Potamogeton perfoliatus), Mare’s tail (Hippuris vulgaris), Eurasian watermilfoil
(Myriophyllum spicatum). The Muskgrass (Chara sp.) is the only plant to exceed 5 m, and it can be found at a depth up to 18 m.
BENTHIC INVERTEBRATE FAUNA

According to the limits of taxonomic determination (family or genus), the variety of macrobenthic community of the sediments (samples from
2 to 55 m) is 58 taxa, for a high average density of 451 ind/0,1 m². These two main parameters are able to qualify Annecy as a lake with a
high macrobenthic biodiversity. The simple analyisis of the Chironomidae family confirms the polybiotic character of the lake, which contains
more than 130 Chironomidae species and a very high larva density (Verneaux & Verneaux, 2002).
Mollusc communities of the littoral zone (16 species of bivalves, 13 species of gastropods) are represented mainly by Lamellibranchia, with
a high abundance and diversity of Sphaeriidae. During the last 40 years, 6 new species colonized lake Annecy; at present, three of these
(Dreissena polymorpha, Pisidium moitessieraianum and Potamopyrgus antipodarum) are abundant in the littoral zone (Mouthon & Dubois, 2001).
In the deep zone of the lake (50 to 60 m), 11 Oligochaeta species are found (10 of the Tubificidae family and 1 of the Lumbriculidae family).
The Oligochaeta index EOS2 (Lafont, 1989 ; Juget et al., 1995), with values between 7 to 13, indicates a good capacity of assimilation of
the deep sediments of lake Annecy, and a good biological quality. This index is clearly better in 1999 than in 1973, confirming the restoration
of the lake, in addition to the evolution of the physico-chemical parameters (Lafont & Rosso-Darmet, 1999).

MAIN USES
BATHING

The collection system of all waste waters from the catchment area
ensures a quality of the water that is compatible with bathing, which
is therefore allowed all around the lake.

Bathing water quality (2006)
Total number of monitored sites: 13
Number of site where bathing is allowed: 13
Number of site where bathing is forbidden: 0

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

The quality of the water allows for it to be used as drinking water
for most of the neighbouring municipalities.

Drinking water abstraction
Abstraction point on the lake:
Location
6 abstraction points
around the lake

Classification
(Dir. 75/440/CEE)
A3

Volume
(Mm³)
~ 11.000
(2003)

Water supply from the lake represents about ~75% of the global water consummation at the
catchment scale.
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Annecy
LakeLake
Annecy
FISH FAUNA AND FISHING

Fish statistics (amateur and professionnal Fisherman)

Fish species
- Arctic char (Salvelinus alpinus)
- Lake whitefish (Coregonus lavaretus)
- Lake trout (Salmo trutta lacustris)
- Pike (Esox lucius)
- Perch (Perca ﬂuviatilis)
- Bleak (Alburnus alburnus)
- Roach (Rutilus rutilus)
- Carp (Cyprinus carpio)
- Chub (Leuciscus cephalus)
- Tench (Tinca tinca)
- Bream (Abramis brama)
- White bream (Blicca bjoerkna)
- Gudgeon (Gobio gobio)
- River blenny (Salaria ﬂuviatilis)
- Burbot (Lota lota)

Tonnes

Truite (Salmo trutta lacustris)
Féra (Coregonus lavaretus)

200
4

200
0

199
6

199
2

198
8

198
4

198
0

197
6

197
2

196
8

50
45
40
35
30
25
20
15
10
5
0

Omble (Salvelinus alpinus)
Total salmonidés

Since the stabilisation of the lake on an oligotrophic level, the species known as « nobles » (lake salmonids) have developed well.
The Annecy lake supports a global production of more than 10 kg/
ha, which places it among the lakes with good halieutic production, taken account of its trophic level. The capture curve for the
lake whitefish (Coregonus lavaretus) has shown « jagged » since
1990, which corresponds to the natural fluctuations of a population
in good health.

Crayﬁsh
- Spiny-cheek crayfish (Orconectes limosus)
- Signal crayfish (Pacifastacus leniusculus)

CATCHMENT AREA

ARTIFICIAL SURFACES
URBAN DENSITY

The resident population of lake Annecy catchment area numbers
approx. 96,000 inhabitants, and ~140,000 inhabitants including the
Agglomeration of Annecy, which is not totally included in the catchment area of the lake.(Source: INSEE, 1999)
The population density is about 345 inhab./km², when the RhôneAlpes density is approximately 130 inhab./km². As for tourist frequentation, no data is available just for the catchment area of the
lake, but the local reception capacity of near 40,000 beds can provide an indication. (Source: Observatoire Savoie Mont Blanc Tourisme, 2006)

Urban density and tourism
Number
Resident population
Tourist population
Total population

~ 96.000
n.d.

Density
Inhab./km²
345
n.d.

Ratio tourists to resident population: not available

INDUSTRY
TYPOLOGY OF INDUSTRY

Typology of all commercial activities
(including industries)
Nace codes
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00

SIC codes
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
25.00
26.00
27.00-28.00
29.00

Industrial units
3
106
21
1
17
35
7
5
32
91

Number of employees
6
1.089
121
2
95
154
97
40
571
4.462
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INDUSTRIAL SITES AT RISK

At the moment, this indicator evaluates only the presence of industrial sites that use substances particularly dangerous in certain
quantities.

Industrial sites at risk
Municipality
Annecy

Typology of industrial activity
1 Hydrocarbons stockage

In the area of the catchment, only one site is identified under the
Seveso Directive.

COLLECTING SYSTEM AND WASTE WATER TREATMENT
WASTE WATER COLLECTING SYSTEM

In the late 1950s, as a result of the constantly increasing pressure
of human activity, Lake Annecy, along with many other sub-alpine
lakes, experienced the early stages of eutrophication. However, local representatives took action and, in 1957, founded the “Syndicat
Intercommunal du Lac d’Annecy” - SILA (which became the “Syndicat Mixte du Lac d’Annecy”). This led to the construction of a vast
ring of main drains to divert waste water away from the catchment
basin. This was then treated and discharged downstream from the
lake. The “SILOE” sewage treatment plant in Cran-Gevrier has the
capacity to treat the output of 230,000 inhabitants and deals with
30,000 m³ of effluents a day; the treated waste waters are then
discharged into the Fier, a tributary of the Rhône.
Waste water collecting system
Combined sewage system:
- Km of sewarage: 96 km
Separated sewage system:
- Km of sewarage: 544 km
Global percentage of collected people: 98 %
Final receiver:
- WWTP: 100 % of collected waste waters
- Water body: 0 %
Overflow: no overflow in the catchment

Picture 1
Simpliﬁed graphic of the waste water collecting system

URBAN WASTEWATER TREATMENT

According to the waste water treatment and collecting system, there
is no waste water, treated or not, which is discharged into the lake
Annecy. Water inflows just come from rivers and pluvial waters.

Informations at basin scale
Typology of treatment
treatment
Primary T.
Secondary T.
Tertiary T.
Tot

68

Number of plants
0
1
1
2

Name

Location

p.e.

Champs-Froids Marlens
10.000
SILOE
Cran-Gevrier 230.000
240.000

Informations at basin scale
Final receiver:
- lake: no discharges in lake
- other surface waters: all treated waters, downstream of the lake
(Fier river)
Removal efficiency:
It has been evaluated using the monitoring data of the SILOE treatment plan.
Parameter
BOD
COD
Nitrogen
Phosphorus

Removal efficiency
92 %
96 %
87 %
77 %

Annecy
LakeLake
Annecy
AGRICULTURE AND ZOOTECNY
TYPOLOGY OF CULTIVATIONS

Agricultural activity is largely dominated by dairy farming, with only a
small area given over to arable farming.

0%

Picture 2

0%

5%

Percentage of
agriculture areas
CLC subclasses

95%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area
ZOOTECHNY

As for the evaluation in terms of livestock units, in the catchment
there is an average value of 0.15 LU/ha.

Type
Bovines
Horses
Swine
Sheep and goat
Poultry and rabbit

Number of heads
3.716
162
832
1.207
17.210

Livestock units
3.716
163
166
810
1.150

Number
1
2

Extension (km²)
178
48

5

3

NATURAL AND SEMINATURAL AREAS
NATURAL PROTECTED AREAS

About 75% of the catchment is occupied by protected areas. There are 1 regional park, 2 Sites of Community Importance (SCI) and
5 other protected areas.
In total, these protected areas would cover an area of 228 km².

Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water
Biological quality of water

Type
Parks
SCI
SPA
Other areas

Source

SEDHS, 2005
INSEE, 1999
Observatoire Savoie Mont Blanc Tourisme, 2006
Chambre de Commerce et d’Industrie de la Haute-Savoie, 2006
DRIRE Rhône-Alpes, 2005
Syndicat Mixte du Lac d’Annecy, 2006
RGD 73-74, 2005
RGD 73-74, 2005
SAGE, 1998
Syndicat Mixte du Lac d’Annecy, 2005
Macrophytes: Blake, 1992
Benthic invertebrate: Mouthon & Dubois, 2001; Lafont, 1989 ; Juget et al., 1995 ; Lafont & Rosso-Darmet, 1999 ;
Verneaux & Verneaux, 2002
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Lake Geneva
Lake Geneva
Lake Geneva or Lake Léman is the largest lake in the Alpine area. 60%
of it comes under the jurisdiction of Switzerland (cantons of Vaud, Geneva, and Valais), and 40% under France (Haute-Savoie).
The lake can be divided, around Yvoire, into the “Grand Lac” (Large
Lake) to the east and the “Petit Lac” (Small Lake) to the west. It is fed
by the Rhone river, its main tributary and emissary.

Geographical position

State
Switzerland, France
Region
Cantos of Vaud, Valais, Genève/ Ain and Haute Savoie
Province
Municipalities
571 municipalities
Geographical Coordinates
Swiss New Grid
of the lake centre

Lake catchment

Temperature and rainfall

Main characteristics of the catchment area

Rodano
Rodano

km²
m s.l.m.
m
m3/s
m3/s

Main characteristics of the lake

Surface
Ratio catchment area/lake area
Perimeter
Average altitude
Maximal Depth
Average Depth
Volume
Water change time

580,1
13,7
372
309,7
152,7
89000
11,4

km²
km
km
m s.l.m.
m
m
M m3
years
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0
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Rainfall (1976-2005)

Station
Source
Municipalitie
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall
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Thonon les Bains
METEO FRANCE
1976-2005
1976-2005
-

Temperatur (1976-2005)

Mean Temperatur (°C)

7.975
4.634
1.670

Mean Rainfall (mm/month)

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : Annual average
Station : SHL2
302
7.8
1.8
1.8
8.1
44.9
6.1
5.5
1.5

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

µS/cm

310 m
Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

Year 2004

29.5
26.1
0.7
0.6
0.002

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus annual concentration (µg/l)

80
70
60
50

MEI Index-Theoretic natural level
8.3 µg P/l
of Tot. Phosphorus :

40
30
20
10

Trophic state classification
Meso-eutrophic
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1993

1990
1991

0

Transparency
14/04/04
25/02/04

Chlorophyll a in the euphotic layer

7.1 m
4.3 m
11.3 m

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
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2

4.5 µg/l
12.5 µg/l

Phytoplankton (0-20 m)

Temp. mixing (°C)
O2 mixing (mg/l)

Biomass in mg/m

Depth (m)

0

10/08/04

6000
5000
4000

Euglenophyceae
Desmidiaceae
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A little history : In the nineteen fifties, a group of doctors, chemists
and biologists expressed their concern for the growing pollution in
Lake Geneva. In 1957, they introduced systematic monitoring of
the water quality. Subsequently, the International Commission for
the Protection of Lake Geneva (CIPEL) was officially founded by
a convention between French and Swiss governments, signed in
1962 and effective as from 1963. Today, the CIPEL’s efforts include
not only the protection of the lake water, but also the renaturation of
the rivers in the catchment area of which the biodiversity is threatened.
Examination, coordination and information : The main role of the
CIPEL is to monitor the evolution of the water quality of Lake Geneva and its tributaries. On the basis of annual results, it issues
recommendations to Swiss and French governments, encouraging them to take measures to combat the sources of pollution.
An official Franco-Swiss organisation, the CIPEL contributes to the
coordination of water policy for the Lake Geneva catchment area. It
promotes public awareness of the importance of water protection.
By financing specific scientific studies, the commission offers the
possibility to acquire a better knowledge of the life of the lake and
its rive
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

The aquatic flora, 23 taxa enumerated in 1997, is composed mainly of submerged species (18 taxa, including 3 charophytes), of which
Potamogeton pectinatus is the most abundant. Colonisation usually reaches 6 -7 (exceptionally 10) metres in depth.
Lake Geneva has very sparse floating and emergent vegetation. The most abundant species, the common reed Phragmites australis, represents
less than 1 % of the total aquatic flora. Evolution of the aquatic flora, documented since 1904, is significantly influenced by three factors:
shore management, (embankments), water-level regulation (water- level variations limited to 60 cm instead of more than 2 m in natural conditions) and water eutrophication 1970-90 (up to 90 µg Ptot /L). Shore management and water-level regulation led to the disappearance
of several emergent and floating species. Eutrophication caused the proliferation of P. pectinatus and the virtual disappearance of the charophytes. Ten years after the restoration of meso-eutrophic conditions, an important recovery of charophytes has been observed. However,
there has been no significant regression of P. pectinatus.
BENTHIC INVERTEBRATE FAUNA

The diversity of macrobenthic community of deep sediments (samples from 50 to 310 m) is 27 taxons, taking in account Oligochaete
worms (15 species), insects Chironomidae (9 taxa) and Molluscs (4 species), for a average density of 5’500 ind m-² and an oligochaete +
Chironomidae biomass (FW) of 6.4 g m-² (Lods-Crozet & Reymond, 2004, 2006).
The decrease of the total density associated to the reduction of the biomass and the increase of sensitive species are able to indicate that
the lake has a good biologic quality. Various quantitative indices are clearly better than in 1983, confirming the biologic restoration of the lake
even in the deep sediments. The macroinvertebrate communities of the littoral zone were represented in 1998 by more than 200 species
belonging to Porifera, Hydrozoa, Tricladida, Mollusca, Annelida, Crustacea, Insecta and Bryozoa (Lods-Crozet, 1999). The evolution of the
invertebrate diversity can be related to multiple factors such as eutrophication process, habitat deterioration, intensive development along
the shore through human activity, intensification of research about species taxonomy and immigration processes.

MAIN USES
BATHING

There are 100 public beaches around the lake where the water quality is conformed with the law.
75% of the beaches have a good bacteriological water quality for
that specific use

Bathing water quality (1992-2006)
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Picture 1 - Bathing water quality trends
WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES
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There are eleven abstraction points on the lake Geveva.
Lake Geneva represents a vast fresh water reservoir wich currently
supplies drinking water to 600’000 people.
The drinking water quality respects the swiss and the french
laws.
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Lake Geneva
FISH AND FISHING

During eutrophication (1960-1975), the yield of salmonids was very
low, while the yield of perch was very high. A collapse of the fishery
happened at the end of the 70’s. Then of stocking program for arctic char, whitefish and trout was initiated just when the reoligotrophication of the lake was efficient. Today, whitefish is the main resource
and perch the second one. Stocking is no more necessary excepted for arctic char. During eutrophication, the annual production per
hectare was 17 kg, since reoligotrophication it stays at 12 kg.
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Fish species
- Omble chevalier (Salvelinus alpinus)
- Corégone ou “Féra” (Coregonus lavaretus)
- Truite lacustre (Salmo trutta lacustris)
- Brochet (Esox lucius)
- Sandre (Stizostedion lucioperca)
- Perche (Perca ﬂuviatilis)
- Ablette (Alburnus alburnus)
- Gardon (Rutilus rutilus)
- Rotengle (Scardinius erythrophtalmus)
- Carpe (Cyprinus carpio)
- Chevesne (Leuciscus cephalus)
- Tanche (Tinca tinca)
- Brème (Abramis brama)
- Brème bordelière (Blicca bjoerkna)
- Goujon (Gobio gobio)
- Lotte (Lota lota)
Crayﬁsh
- Ecrevisse américaine (Orconectes limosus)
- Ecrevisse signal (Pacifastacus leniusculus)
- Ecrevisse à patte grêle (Astacus leptodactylus)

50
0
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1970

1980

1990

2000

Total catches of commercial fishery on lake Geneva
(left scale : perch, right : other species)

Data
Morphometry
Hydrology and climatology
Water uses
Bathing
Chemical and physical quality of water
Biological quality of water

Source
Commission International pour la Protection des Eaux du Leman (CIPEL)
Meteo France, 2005
Commission International pour la Protection des Eaux du Leman (CIPEL)
Commission International pour la Protection des Eaux du Leman (CIPEL)
Commission International pour la Protection des Eaux du Leman (CIPEL)
Benthic invertebrate fauna:
Lods-Crozet, B. 1999. Invertébrés benthiques de la zone littorale du Léman. Evolution depuis le début du siècle, in:
Actes du colloque pluridisciplinaire, Découvrir le Léman, 100 ans après Forel. Musée du Léman & Slatkine (eds),
Genève, 103-122.
Lods-Crozet, B. & Reymond, O. 2004. Réponses des communautés benthiques du Léman à l’amélioration de l’état
trophique du Léman entre 1983 et 2003. In: Rapport de la Commission internationale pour la protection des eaux du
Léman contre la pollution, Campagne 2003: 99-109.
Lods-Crozet, B. & Reymond, O. 2006. Evolution du zoobenthos profond du Léman. In: Rapport de la Commission
internationale pour la protection des eaux du Léman contre la pollution, Campagne 2005 (sous presse).
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Lake Avigliana
Lake Avigliana
Lake Avigliana is located in Piedmont, in the province of Turin, 20 km
west of the city, at the mouth of Val di Susa valley. The lake Grande
di Avigliana (Large Avigliana lake), similarly to the nearby lake Piccolo
di Avigliana (Small Avigliana lake), was generated by the forward movement of the Val di Susa valley glacier, causing the formation of an
intermorainal ridges marking the boundaries the two lakes and Torbiera
di Trana peat-bog, upstream of lake Piccolo. From the geological point
of view, the catchment basin is mainly covered by soil of glacial origin, with a few outcrops of the underlying crystalline substratum. Lago
Grande is connected to Lago Piccolo by Rio di Meana river, about 400
metres long, covering the about 10 m slope between Lago Piccolo
and Lago Grande, that receives its waters.

Geographical position

Italy
Piedmon
Turin
2 municipalities - Avigliana, Trana
φ=44°59’16’’ λ=10°44’50’’

Lake catchment

State
Region
Province
Municipalities
Geographical position
of the lake centre

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissaries

11,5
641
400
Rio Meana
Canale Naviglio

km²
m s.l.m.
m
m3/s
m3/s

Main characteristics of the lake

Surface
Catchment area/ lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

0,89
12,7
3,6
346
26
19,5
17,2
2,3

km²
km
km
m s.l.m.
m
m
M m3
years

Temperature and rainfall

Mean rainfall (mm/month)

20

200

15
150
10
100
5
50

0

0

-5
Jan

Feb

March Avril

May

June

1-Rainfall (1991-2002)
1-Temperature (1991-2002)
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July

Aug

Sept

Oct

Nov

2-Rainfall (2002)
2-Temperature (2002)

Dec

Mean Temperature (°C)

25

250

Station
Manager
Period of measure
Mean temperatures
Period of measure
Mean rainfall

Avigliana (1)
ARPA Piemonte
1991-2001
11,6°C
1991-2001
915,5 mm

Trana (2)
ARPA Piemonte
2002
11,6°C
2002
1122,4 mm

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 16/03/05
Station : Centre of lake
µS/cm

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

Year 2005

m
65
82
1.13
0.18
0.48

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)
280
240
200
160
120

MEI Index-Theoretic natural level
17.4 µg P/l
of Tot. Phosphorus :

80
40
2004

2003

2002

2000
2001

1999

1997
1998

1996

1995

year
s

Trophic state classification
Eutrophic

1993
1994

0
'80
1992

329
7.7
3.7
2.9
8.0
41.2
21.7
6.1
1.6

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

25

Data Source: 2000 - 2004 Regione Piemonte (Data
processing Arpa Piemonte), 1999 ARPA Piemonte, 1980
De Bernardi et al., 1992 - 94 Badino et al.

Transparency
Annual average transparency
Minimal transparency
Maximal transparency

Chlorophyll a in the euphotic layer

4.6 m
2.0 m
10.0 m

30/08/05
13/12/05

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
0

2

4

6

8

10

12

14

Phytoplankton (0-20 m)
16

18

20

22

24

26

28

Euglenophyceae

10000

30

Cyanophyceae

0

Pyrrophyceae

8000

Chlorophyceae

Number of cell/ml

5
Depth (m)

2.2 µg/l
4.2 µg/l

30/08/05

10

15

Chrysophyceae
6000

Cryptophyceae
Diatomophyceae

4000

Temp. mixing (°C)
20

O2 mixing (mg/l)

2000

Temp. stratif. (°C)

05/1
2/06

14/1
1/06

10/1
0/06

12/0
9/06

07/0
8/06
/

04/0
7/06

02/0
5/06
13/0
6/06

Mixing sample 16/03/05
Stratification sample 26/07/05

0
18/0
4/06

O2 stratif. (mg/l)

14/0
3/06

25

Nota : Data are
expressed in number of
cell/ml, not in biomass

The conditions of the waters of the two lakes attracted considerable attention since the 19th century. In 1876, after a
series of assessments and analysis, water was considered
drinkable and was used by local inhabitants for that use as
well as for hemp processing, until 1945-50. After 1950, the
quality of water worsened so much that it became no longer transparent and some fish species (loaches, pikes and
whitefish) decreased their presence and finally became rare.
Macroscopic alterations were observed in the same period (a
“blossoming” of toxic blue-green algae) and motor navigation
started, resulting in high outpouring of hydrocarbons in the
lake.
Over the last 20 years, targeted investment by Region Piedmont and local authorities enabled a considerable reduction
of nutrients levels in the water, with a consequent partial recovery of the quality status of the lake.
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Around lake basins and around the partially reclaimed marsh basins it is common to find the common reef (Phragmites communis) and sedgegrass (Carex sp.).
A typical group of lake plants grows, more or less abundant according to the season, on the water facing the reed-bed extending along the
coastline: it has both floating and aerial flowers, like the water lily (Nymphea alba), the yellow water lily (Nuphar Luteum) and the amphibious bistort
(Polygonum amphibium) and totally submerged plants, like the Holly-leaved naiad.
As for phytoplankton, a study carried out from 1992 to 1994 (Piedmont Region, 2001) highlighted the presence of 54 phytoplankton
species, including 44 genera and belonging to 7 families: Cyanophyceae, Diatoms, Cryptophyceae, Dinophyceae, Euglenophyceae and
Chlorophyceae. The communities of algae found in that period are supported, according to various samplings, by dominant species such as
Microcystis aeruginosa and M. flos-aquae, Aphanizomenon gracile, Oscillatoria limnetica and O. rubescens. They colonised the lake habitat
with a rapid succession. The high growth in Lake Grande of the values concerning various species, most of them common to productive
environments, are a clear sign of eutrophy.
BENTHIC INVERTEBRATE FAUNA

No information is currently available on this issue.

MAIN USES
BATHING

Quality of bathing waters (2006)

Monitoring of the lake, after sanitation, started in 1995 on three points identified by the Piedmont Region. The results brought to judge
both lakes as non suitable for bathing in all bathing areas until 2004:
from 2005, after municipal administration completed the refurbishment of the sewer manifold, favourable results were obtained by
the three zones monitored in Lake Grande di Avigliana (Gran Baia,
Grignetto and Chalet del Lago), although occasional microbiological
pollution was reported, due to the malfunctioning of the sewage
system, especially in the aftermath of heavy rainfall.

Total number of monitored sites: 46
Number of sites where bathing is allowed: 34
Number of sites where bathing is forbidden: 0

DRINKING WATER AND WATER FOR OTHER USES

The Ministry of Public Works attributed, in August 1966, a licence
for use as irrigation water, allowing the Gerbole di Rivalta Consortium
and its neighbouring villages to draw on the two lakes water (Grande
and Piccolo), from June the 1st to September the 10th, a maximum
discharge of 553 l/s. Since the mid 80’s however, in order to avoid
an excessive lowering of the lake level, the irrigation water is mainly
drawn on Lake Grande (about half the volume abstracted per year),
thus reducing by 50% the volume abstracted from Lake Piccolo
(AAVV, Regione Piemonte, Collana Ambiente, 2001). The irrigation
surface serviced by this licence is of 530 ha.

Other uses
Abstraction points on the lake
Municipality

Volume
(Mm³/year)
4,78

Type of use allowed
irriguo

FISH FAUNA AND FISHING

The fish families reported in Grande Avigliana Lake are essentially Cyprinids, Percidae and Pikes, all fish families that have very little needs
in terms of water quality and that are typical of shallow lakes with a high trophic activity. No salmonids are reported, as the high temperature
reached in summer and consequent low oxygen level in the hypolymnion, coupled with the limited depth, does not allow their survival.
The following fish species were reported: bleak (Alburnus alburnus alborella), carp (Cyprinus carpio), chub (Leuciscus cephalus), rudd (Scardinius erthrophthalmus), tench (Tinca tinca), ray-finned fish (Rutilus erthrophthalmus), European perch (Perca ﬂuviatils), pumpkinseed sunfish (Lepomis gibbosus), black bass
(Micropterus salmoides), eel (Anguilla anguilla) and spined loach (Cobitis tenia); the presence of the European catfish has moreover been reported
(Silurus glanis) and if confirmed it will certainly cause a progressive depopulation of the lake fish fauna.
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Lake Avigliana
Lake Avigliana
CATCHMENT AREA

SOIL MANAGEMENT
The basin area is mainly covered by forests and semi-natural environments, that account for 43% of it. Agriculture is also widespread
(34%) and water bodies abound: Lake Grande di Avigliana communicates with Lake piccolo di Avigliana (also known as Lake Trana) by
Rio Meana river, that belongs to the catchment basin.
The presence of Palude dei Mareschi marsh is quite relevant, as it
collects waters that exit Lake Grande through Canale della Naviglia
canal and is a natural environment for the life and nidification of numerous birds, including the heron (Egretta alba) and the pheasant
(Phasianus colchicus).
Urban areas cover about 11%, in the north-eastern area.

Picture 1
Land use in the catchment
basin of Lake Grande di
Avigliana

ARTIFICIAL SURFACES
LAND USE

Artificial surfaces amount to 11% of the catchment basin only. These
areas are located north of the lake and mainly consist of the town
of Avigliana, stretching until the lake border. Artificial surfaces are
dominated by urban fabric (75%), then by industrial, trade and transportation units (19%) and agricultural areas with artificial vegetation
(6). The presence of mining areas, dumps and building construction
sites is negligible.

Picture 2

0% 6%

Percentage of
artiﬁcial surface
per Soil Use
subclass.

19%

75%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL COASTS

Per la valutazione di questo indicatore è stata utilizzata un’immagine
aerea dettagliata, in grado di mostrare le aree urbane vicino alle
sponde del lago
Una linea di costa è stata considerata artificiale se si verifica la presenza di superficie urbana nell’arco di 15 m di larghezza dalla linea
di costa del lago. La lunghezza totale della linea costiera del Lago
di Avigliana è di 3.6 Km2: la linea costiera artificiale occupa circa il
18% (tratto segnato in rosso nella mappa). É possibile trovare sparsi
all’interno dell’area artificiale hotel, abitazioni, attività commerciali.

Picture 3
Artiﬁcial shoreline
of Lake Grande di
Avigliana
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POPULATION DENSITY

The resident population in the basin of Lake Avigliana is of about
4,578 inhabitants, 4,515 of which live in the municipality of Avigliana.
Population density in the catchment basin is of about 393 inhabitants/Km2; the last data available indicate a density of 475.9 (Istat
2001)for Avigliana municipality and one of 203 inhabitants/Km2 for
Trana municipality.
The tourist population is of about 27 persons per day and the most
crowded periods are spring and summer. The aver tourist density is
of 2.3 inhabitants/km2.
The total population density of the catchment basin was assessed
at about 305 inhabitants/Km².

Inhabitants
Resident population
Tourist population
Total population
Tourists/resident population ration: 0.005

Figura 4
Total population
density (at municipality level)

Density
inhabitants/km²
393
2,33
395,33

4.551
27
4.578

POTENTIAL LOADS DERIVING FROM THE CIVIL
SECTOR

The total population of the basin of Lake Grande di Avigliana is of
about 4,578 inhabitants, 4,551 of which residents and 27 floating.
At municipal level, the municipality of Avigliana has a population of
11,070 inhabitants (Istat data 2001) and 21,289 visitors per year
(Data of the Piedmont region, 2005).
As for the potential load of COD caused by urbanisation and tourism, it approximately amounts to 215 t/year; the BOD is of 100
t/year, the nitrogen load is of 21 t/year while the phosphorous load
(3 t/year) is barely relevant.

Potential loads
Population
Resident population
Tourist population
Total
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P.E.
4.551
27
4.578

COD
(t/y)
214
1,3
215,3

BOD
(t/y)
100
0,6
100,6

N
(t/y)
20,4
0,1
20,5

P
(t/y)
3
0
3

Picture 5
Total Population (in
Population Equivalents)

Lake Avigliana
Lake Avigliana
INDUSTRY
INDUSTRIAL SECTORS

Lake Grande di Avigliana catchment basin hosts about 69 industrial
units and approximately 668 persons work in the industrial sector
(1). Most industrial units are located in the municipality of Avigliana.
The main sector is the “metal processing and metal items manufacturing”, with over 35 industrial units and more than 400 employees.
Another relevant sector is that of “machines and mechanical devices
manufacturing”, with over 10 industrial units and 128 employees.
Another sector that is undergoing considerable development is that
of the timber industry and wood, cork and straw products.
(1) 8th Census of industry and services, 2001

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC code
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
0
4
2
0
4
1
0
0
6
1
35
12
4
68

Number of employees
0
19
10
0
7
6
0
20
107
1
493
128
179
970

Number of industrial units and employees (broken down by industrial sector)
INDUSTRIAL SITES AT RISK

There are currently no industrial sites with a high accident risk (D.Lgs 334/99)

CONTAMINATED SITES

There are currently no contaminated sites (ex D. Lgs 22/97) or polluted areas (ex L. 426/98).

POTENTIAL INDUSTRIAL LOADS

The potential load of the industrial sector was assessed, for the catchment basin area in the zone of Avigliana municipality, at about
7,600 P.E., while the potential industrial load for the municipality of
Trana, having a relatively scarcely significant artificial surface in the
area of the catchment basin, is of 32 P.E.

Picture 6
Potential load
of the industrial
sector

Potential loads
Industrial sector

P.E.
7.632

N (t/y)
9,7

P (t/y)
0,3
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COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTEWATER COLLECTING SYSTEM

In the 90’ a collection system around the lake was set up, collecting all wastewater that was originally discharged in the waters of
Lake Grande di Avigliana directly. Recent works of sewage network
separation in the municipality of Avigliana have moreover considerably reduced the nutrients inflow to the two lakes (Lake Piccolo and
Grande).
Most point loads are presently conveyed to sewage networks and
then to Rosta water treatment plant, and the final receiver of treated
wastewater is Dora Riparia river. No water treatment plants are present within the basin.
There are about 7.5 km of combined sewage network.
The whole catchment basin hosts two spillways. Over 93% of the
population living in the basin area is connected to a sewage system.
The industrial component connected to the sewage network is of
10% of total population.

Collettamento delle acque reﬂue urbane
Combined sewage system:
- Km of sewage pipes: 7.5 km
- Population connected to the sewage network: 3437pesons (data
from Piedmont Region, Water Protection Plan)
Separated sewage system:
- Data currently not available
Final receiver:
- Water treatment plant of Rosta and then Dora Riparia river.
Spillways
- 2 spillways in the catchment basin
Industrial component
- 10% of total population

URBAN WASTEWATER TREATMENT SYSTEM

No treatment plants are currently available in the Avigliana basin: Avigliana sewage network is connected to Rosta consortium treatment
plant, that discharges outside the basin. The population connected
is of 3,437 inhabitants, about 93% of the population.

Picture 7
Wastewater treatment plants
in the catchment basin

AGRICULTURE AND ANIMAL FARMING
TYPES OF CROPS

The four classes of Corine Land Cover are more or less homogeneously distributed within the area, with a majority of permanent
crops (36%)

21%

27%

16%

36%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 8 – Farmland percentage of CLC subclasses
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Lake Avigliana
Lake Avigliana
ANIMAL FARMING

As for animal farming activities in Avigliana basin, bovines and poultry
is mainly reared (in terms of number of heads), followed by sheep
and goat, horses and pigs.
The picture shows animal density (expressed in livestock unit/ha):
animal farming is more common within the area of the municipality of
Avigliana that falls into the catchment basin.

Type
Bovines
Horses
Swine
Sheep and goat
Poultry and rabbits

Number of heads
522
21
4
293
1.704

Picture 9
Number of heads and
livestock units

Livestock units
522
21
1
39
7

POTENTIAL LOADS OF AGRICULTURE

The potential load of agriculture due to fertilisers was calculated
using some general coefficients (generic contribution). The generic
contribution was applied to the four classes identified above. The
table shows an estimate of nitrogen and phosphorous loads caused
by agriculture and by various kinds of crops.

Potential loads
Population
Arable land
Permanent crops
Pasture
Heterogeneous agricultural areas
Total

Km²
0,82
1,4
0,63
1,05

N (t/y)
16,4
14
25,2
12,6
45,5

P (t/y)
3,3
4,2
1,9
5,9
15,1

POTENTIAL LOADS OF ANIMAL FARMING

In the catchment basin there are no municipalities whose load value
in P.E. is higher than 10,000.
The potential load of animal farming in general is of over 5,000 P.E.,
a value higher than the total population.
Potential loads
Type of farming
Bovines
Horses
Swinei
Poultry and rabbits
Sheep and goat
Total

COD
(t/y)
225
9,0
0,8
3,7
34,7
272,2

BOD
(t/y)
104
4,2
0,4
1,7
16,1
126,8

N
(t/y)
31,3
1,2
0,1
0,9
2,1
35,6

P
(t/y)
4,7
0,2
0,0
0,3
0,8
6

Picture 10
Potential load of animal
farming (P.E.)

P.E.
4.767
192
16
78
736
5.789
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WOODLANDS AND SEMI-NATURAL ENVIRONMENTS
USE OF LAND

Most woodland areas and semi-natural environments are covered
by forests (79%), while the other two classes are present as follows:
21% scrub and/or herbaceous vegetation associations and very
small percentage of open spaces with little or no vegetation, given
the small dimension of the catchment basin.

0%

21%

79%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 11
Percentage of CLC subclasses for woodland and semi-natural
environments
PROTECTED NATURAL AREAS

About 34% of the basin is occupied by protected areas: a Natural
Park, a SCI and a SPA cover the same surface.
As for humid areas that are not identified in Ramsar convention, there
is Mareschi marshland, whose fauna is very rich: the most numerous
water birds are those belonging to the family of Ardeidae, whose
species include: the grey heron, the little bittern (Lxobrychus minutus), the night heron (Nycticorax nycticorax), the great crested grebe,
the moorhen (Gallinula chloropus), the marsh warbler (Acrocephalus
arundinaceus), the marsh harrier (Circus aeruginosus). Mammals
include the trench-rat (Rattus norvegicus); also a few individuals f
coypu (Myocastor coypus) were reported over the last few years.
South of Lake Piccolo there is the Torbiera di Trana peat-bog: the
Regional park of Avigliana lakes, with the Trana peat-bog and the
Mareschi marsh is the westernmost humid area of Italy.
Type
Parks
SIC
ZPS
Other

Number
1
1
1
0

Picture 12
Natural areas

Extension (km2)
4,05
4,05
4,05
0

ENVIRONMENTAL BALANCE SHEET
The application of the DPSIR model allowed to organise information
in an integrated platform, identifying the synergies deriving from the
application of anthropic pressure on the territory.
The radar chart (see pictures 13-14), drawn on the evaluation of
Pressure Sources, Pressure and State of resources, allows to provide an indication of the global impact on the municipalities of Avigliana
and Trana: the triangle is homogeneous on the axis of sources, pressure and state, except for a slightly higher development along the
axis of sources. In this situation there are many active sources on the
territory, so the real impact is high, but there are still natural resources: it would be therefore advisable to turn to a reduction of existing
loads, before reaching a condition in which no action is possible.
For further information please refer to the work:
“Environmental Balance Sheet – Specific approach to small lakes
and surrounding territory”, published in the framework of the same
European Project Alpine Space – Alplakes.

Picture 13
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impact on the territory
of Avigliana
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Picture 14

PRESSIONI

STATO
100,00

Chart of the global
impact on the territory of Trana

80,00
60,00
40,00
20,00
0,00

FONTI

82

PRESSIONI

Lake Avigliana
Lake Avigliana
POTENTIAL AND RESIDUAL LOADS
Potential loads
25%

32%

Picture 15

Balance of nutrients and other pollu-

Potential load from
the various sectors

Source

Sector
Civil and household
Industrial
Animal farming

P.E.
4.528
7.632
5,789

COD
t/y
Civil sector
215
Industrial sector
n.c.
Agricultural sector
Animal farming sector 272
Total
487

BOD
t/y
101
n.c.
127
228

Nitrogen
t/y
20,5
9,7
45,5
35,6
111,3

Phosphorus
t/y
3
0,3
15,1
6
21,4

43%
Household emissions
Zootechnical emissions

Industrial emissions

Phosphorous Balance
Point sources
private
discharges

? t P/y
WTP

Industrial activities
0,3 t P/y
Public
collection
system
Household sector
3 t P/y

Spillways

0 t P/y
- t P/y
- t P/y

private
discharges

Out of basin deflection*
? t P/y

Diffuse sources
Natural load

0,18 t P/y

Agriculture and Animal
farming 21,1 t P/y

0,64 t P/y

Meteoric events

t P/y
3,7 t P/y

* 93% of the population is collected outside the basin, toward Rosta treatment plant.
Residual phosphorous loads
Application of theoretical coefficients
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of about 3,7 t/y.
Monitoring data
No monitoring data concerning tributaries are currently available.
Application of OECD models
Using the OECD formula for shallow alpine lakes, the actual phosphorous contribution is estimated at 1,67 t/y.
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Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system

Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water

Biological quality of water
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Source

Progetto Corine Land Cover (2000)
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Osservatorio Turistico Regionale - Dati Regione Piemonte, 2005
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)

Piano di Tutela delle Acque della Regione Piemonte, D.G.R. n. 23-13437 del 20 settembre 2004, modificata con D.G.R.
n. 30-14577 del 17 gennaio 2005.
Quaderni della Regione Piemonte : Nuovo Bollettino M.A.R.I.U.S. Monitoraggio Ambiente Risorse Idriche, Utenze, Scarichi),
Torino
ISTAT - 5° Censimento dell’Agricoltura (2000)
ISTAT - 5° Censimento dell’Agricoltura (2000)
I laghi di Avigliana: prospettive di risanamento idrobiologico, 2001. Regione Piemonte, Assessorato all’ambiente – Collana
Ambiente n° 17
ARPA Piemonte
Monitoraggio delle acque superficiali in Piemonte, Arpa Piemonte & Regione Piemonte, Torino, giugno 2006.
Data trend:
Period 2000 – 2004: Regione Piemonte
Period 1999: ARPA Piemonte
Period 1992 - 94 Badino et al.
Period 1980: De Bernardi et al.

Lake Lake
Candia
Candia
Lake Candia is part of the lake water bodies of the morainal Amphitheatre of Ivrea. The catchment area, within the Province of Turin, includes
4 Municipalities, the most important of which is Candia Canavese. It
has been protected area of provincial and regional interest since the
creation of the “Nature reserve of provincial interest of lake Candia”.
The lake is included in the catchment area of the river Dora Baltea; its
origin dates back to the last glaciation (Würm), when the Balteo glacier,
while advancing and withdrawing, deposited its melting waters. Lake
Candia is therefore an inter-morainal lake originating from an ancient
pre-glacial lake fed by the glacier front.
The lake has no significant tributaries and water is mainly input by rain
and run-off waters of the catchment area and, probably, by some underground springs located along the Southern shore of the lake.
Besides the lake itself, other wetlands worth mentioning are:
- the Paluetta area, separated from the lake by a hydrophilous forest,
with two small expanses of water at the centre
- the emissary delta, including a number of channels from 1 to 3 m
wide and less than 1 m deep
- the Candia marsh (40 ha)

Geographical position

Italia
Piemonte
Torino
4 Municipalities within the basin:
Candia Canadese, Caluso, Mazzè, Vische
Geographical co-ordinate
φ=45°0’32’’ λ=07°1’31’’
of the lake centre

Lake catchment

State
Region
Province
Municipalities

Main features of the catchment area

Total surface
Maximal altitude
Average altitude
Main tributaries
Main emissaries

11,2
354
260
C. Traversaro

km²
m s.l.m.
m
m3/s
m3/s

57,1

Main features of the lake

Surface
Catchment area/lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

1,35
5,44
5,5
226
8
5,9
8,1
6,7

km²
km
km
m s.l.m.
m
m
M m3
years

Temperature and rainfall
25

140

20

120
15

100
80

10

60

5

40
0

20
0

-5
Jan

Feb

March Avril

May

1-Rainfall (1986-2004)

June

July

Aug

Sept

Oct

Nov

Dec

1-Temperature (1987-2003)

Mean Temperature (°C)

Mean rainfall (mm/month)

160

Station
Manager
Period of measure
Mean temperature
Period of measure
Mean Rainfall

Sul Bacino del Lago
Istituto per lo Studio degli Ecosistemi CNR
1987-2003
10,6°C
1986-2004
904 mm

85

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)

200 3
2 004

2 001
2 002

1 99 9
20 00

MEI Index-Theoretic natural level
17.7 µg P/l
of Tot. Phosphorus :

1 9 98

80
70
60
50
40
30
20
10
0
1 996
1 99 7

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

50.0
41.0
2.1
0.1
0.4

1 99 4
19 95

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO3
Ammonium NH4

19 93

µS/cm

1 990
1 991

114
7.8
1.16
0.6
5.0
17.8
4.2
2.2
2.1

Conductivity (25°C)
pH
Alkalinity
Silice SiO2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

m

6

1 99 2

Weighted average concentrations - layer 0 to
Date : 09/03/05 Station : Centre of lake

Year 2005

data1990-2000 : Source Consiglio Nazionale delle ricerche Istituto per lo Studio degli ecosistemi
Verbania Pallanza. Data processing: ARPA Piemonte
data 2001-2004 : Source Regione Piemonte. Data processing: ARPA Piemonte

Trophic state classification
Mesotrophic

Transparency
Chlorophyll a in the euphotic layer

2.3 m
4.0 m
1.3 m

16/03/05
13/09/05

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
0

2

4

6

8

10

12

14

5.4 µg/l
10.9 µg/l

11/10/05

Phytoplankton (0-20 m)
16

18

20

22

24

26

28

30

Euglenophyceae
Desmidiaceae
Xanthophyceae
Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae
Cryptophyceae
Diatomophyceae

5000

0

4000

1
3

Biomass in mg/m

3
4
Temp. mixing (°C)

The first information about the trophic conditions of Lake Candia dates back to 1976, when the Waters Research Institute, within the framework of a survey including 73 Italian lakes
(IRSA, 1980), classified it as mesotrophic. At the beginning of
the eighties, the lake was seriously endangered by the high
degree of euthrophication and high biological productivity due
to an elevated point and diffuse input of nutrients and helped
by the shallow waters of the lake; hence, lake transparency
decreased and the production of algae rocketed. Following
bio-handling initiatives and the deflection of most civil waste,
the situation significantly improved: phosphorous values were
halved, “a” chlorophyll concentration diminished and therefore transparency and the concentration of melt oxygen in the
hypolimnion increased.
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--/-/- -

--/-/- -

--/-/- -

--/-/- -

Mixing sample 09/03/05
Stratification sample 08/08/05

0
--/-/- -

O2 stratif. (mg/l)

--/-/- -

Temp. stratif. (°C)
7

1000

O2 mixing (mg/l)

--/-/- -

6

2000

--/-/- -

5

3000

--/-/- -

Depth (m)

2

--/-/- -

Annual average transparency
Minimal transparency
Maximal transparency
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

About 95% of the lake perimeter is covered by a strip of cane thicket, mainly suspended, characterized by common reed (Phragmites Australis) and around twenty helophytes characteristic of the reedbed.
Over the last fifteen years, lake Candia community of floating and submerged macrophytes has drastically changed, as reported below.
In 1986, the Water Chestnut (Trapa natans) formed an almost uninterrupted belt along the entire perimeter of the lake, stretching from the
edge of the cane thicket to about 3 meters of depth. Scattered, mono-specific or mixed populations of white water lily (Nymphaea alba) and
yellow water lily (Nuphar luteum) interrupted the water chestnut bed along the southern and eastern shores. Along the southernmost shore of
the lake, in the shallow waters between the shore and the water chestnut bed, there was a population of yellow floating heart (Nymphoides
peltata) covering an area of about 200 m2. Near the Rowing Club there was a very small area covered with European frog-bit (Hydrocharis
morsus ranae), including also Duckweed (Lemna minor) and floating watermoss (Salvinia natans). These last two floating species were to
be found all over the lake in the areas most sheltered from the wind next to or inside the cane thicket. Submerged vegetation, represented
by the Eurasian Water Milfoil (Myriophyllum spicatum) and the common hornwort (Ceratophyllum demersum), was almost evenly distributed
between the edge of the water chestnut bed and a depth of 4 meters along the southern shore, the south-western shore, a short section,
about 150 m, of the south-eastern shore, near restaurant La Barcaccia and another short section, of about 100 m, of the northernmost part
of the lake. In this last area, mixed with the above-mentioned two species, there was also the spiny naiad (Najas marina).
In the following years, up to 1998, lake Candia was the object of intense management activities (carried out by the Institute for the Study of
Ecosystems, Verbania Pallanza): some tons of hydrophytes (Trapa natans and similar) were seasonally removed, thus improving water transparency and favouring the spreading of submerged hydrophytes, especially Ceratophyllum demersum. This situation drastically changed
in 1999 with the demographic boom of the coypu (Myocastor coypus), producing a significant decrease in the number of hydrophytes with
floating leaves (T. natans) and submerged hydrophytes (Myriophillum spicatum) and the almost complete disappearance of the submerged
species Ceratophillum demersum and Najas marina. The hydrophytes beds of Nymphaea, Nuphar and Nymphoides were clearly decreasing (Galanti 2000).
Following the catching of numerous coypus since September 2000, in the summer of 2001, the water chestnut bed covered once again
80% of the surface it used to cover in the mid ‘90s, whereas, among the other species, only the Najas marina showed significant signs of
recovery.
Also the hydrophytes populating the ponds of Paluetta have drastically changed over the last years; the Nymphaea alba has disappeared
and has been replaced by a densely populated settlement of Ceratophyllum demersum.
In the main channels of the marsh of Candia there are populations of Nimphaea alba, Nuphar lutea, Hydrocharis morsus-ranae, Utricularia
vulgaris, Hottonia palustris (water violet), Lemna minor and Salvinia natans.
In the main branch of the Traversaro channel, between the lake and the spillway crest, there are patches of Nuphar luteum and Nymphaea
alba, whereas in the side merging channels there are very small populations of Ceratophyllum demersum and Potamogeton crispus (curly
leaf pondweed).

BENTHIC INVERTEBRATE FAUNA

A study carried out in 2001 highlights the composition of the invertebrate community present in lake Candia. The following table reports the
main taxa of invertebrates observed.
Order
ROTATORIA
COPEPODA
CALANOIDA
CLADOCERA

OSTRACODA
HYDRACARINA
ANELLIDA
GASTEROPODA
DIPTERA

Family

CYCLOPOIDA
NAUPLII
CHYDORIDAE
DAPHNIDAE
SIDIDAE

HIRUDINAE
OLIGOCHAETA
VALVATIDAE
CERATOPOGONIDAE
CHIRONOMIDAE

EPHEMEROPTERA
HEMIPTERA
ODONATA
PLECOPTERA
TRICHIPTERA
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MAIN USES
BATHING

Total number of monitored sites: 3
Number of sites where bathing is allowed: 0
Number of sites where bathing is forbidden: 3
Quality of bathing waters (2006)
100
90

Trend (1997-2006)

In 2006, 3 sites were monitored in lake Candia to allow bathing in
lake waters. Bathing was not allowed in any of the three sites. Following the monitoring carried out in lake Candia in the period 19982006, bathing was not allowed owing to micro-biological pollution
and pH and melt oxygen parameters exceeding legal thresholds.
The percentage of sites where bathing is allowed in lake Candia is 0.
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Monitored sites
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Picture 1 - Bathing water quality trend
DRINKING WATER AND WATER FOR OTHER USES

As for water abstracted from the lake for different uses (irrigation, industry, etc.), no water is abstracted from the lake*. Within the basin, there are two irrigation networks originating from two abstraction points of Canale di Mazzè, which is the continuation of Canale di
Caluso, which in turn is a diversion of Torrente Orco. Therefore, the waters of the lake catchment area have a relatively remote origin
and have a high nutrients content because they cross areas heavily affected by human activity. Rain water and the water coming from
Canale di Caluso which is not absorbed by the soil, flows into different irrigation ditches ending in the western, southern and in part
eastern side of the lake.
*Data source: water protection plan
FISH FAUNA AND FISHING

In a lake environment characterized by shallow waters and a very high trophic level, the fish population is quite unbalanced with one single
species dominating to the detriment of the others: the rudd (Scardinius erythrophtalmus). In 1986 – 1987, the number of rudds was reduced
through selective hauling; then, their development was controlled by introducing young specimen of fish-eating predatory species, already
naturally present in the lake basin, such as: pike (Esox lucius) and black bass (Micropterus salmoides). Other species of fish found in lake
Candia are: tench (Tinca tinca), catfish (Ictalurus melas), eel (Anguilla anguilla) and pumpkinseed sunfish (Lepomis gibbosus).

CATCHMENT AREA

SOIL MANAGEMENT
The catchment area includes 4 Municipalities: Candia Canavese,
located North-West of the lake, Vische, North-East of the lake, Caluso, South-West, and Mazzè, South-East.
The territory of the catchment basin is mainly level, agriculture is very
developed and takes up the largest part of the area (55%): poplar
plantations are particularly numerous in the North-Western part of
the Park of Candia; arable land, in particular corn and wheat, covers
the whole area between the eastern edge of the marsh and the
northern shore of the lake. Forests are quite widespread (32%): the
most numerous hygrophilous species is the alder (Alnus glutinosa),
which is present in the area of the emissary delta, in the southern
part of Paluetta, between the cane thicket and the lake and along
the marsh internal borders.
Artificial surfaces (2%) are located around the village Candia Canavese, on the hillsides of mount Santo Stefano.
Picture 2
Land use within the
catchment basin of
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ARTIFICIAL SURFACES
LAND USE

Artificial surfaces account for only 2% of the basin and are located
around the village Candia Canavese. They are mainly urban fabric
(61%), but there are also some industrial areas (13%) and dumps
(4%). 22% of the artificial territory is covered by artificial, non-agricultural vegetated areas.

Picture 3

22%

Percentage of
artiﬁcial surface
for each Land
Use sub-class

4%
61%

13%

Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL COASTS

A detailed aerial image, showing the urban areas close to the lake
shores, has been used to assess this indicator.
A coastline is considered artificial, if there is urban fabric within 15 m
from the lake shoreline. The real artificial area stretches North-West
of the lake, near the village Candia Canavese. In general, therefore,
lake Candia shoreline looks quite natural, with only a series of scattered farmhouses and houses, lidos and restaurants characterizing
the areas near the shores.

Picture 4
Artiﬁcial coasts
along Lake Candia

POPULATION DENSITY AND TOURISM

The population living within the catchment basin of Candia Canavese
amounts to approximately 681 inhabitants. The population density of
the basin is therefore 61 inhab/Km2, lower than regional population
density (169 inhab./km2).
The estimated number of tourists per day is 9, including tourists
staying at hotels and similar structures and at holiday houses. Summer is the period with the highest number of tourists. Average tourist
density is therefore 1 inhab./km2

Population density and tourism
Resident population
Tourist population
Total population
Tourists/resident population ratio: 0.01

Inhabitants
681
9
690

Density
inhab/km2
61
1
61,61

Picture 5
Total population
density (at municipal level)
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POTENTIAL LOAD DERIVING FROM THE CIVIL
SECTOR

The basin of lake Candia has a total population of 690 inhabitants,
mainly residents.
There are no Municipalities with a population exceeding 10000 P.E.
within the catchment basin.
As for potential COD load, it is of approximately 32 t/year, while BOD
load is of about 15 t/year. Estimated nitrogen loads are of 3 t/year,
whereas phosphorus loads are not significant.

Potential loads
Population

P.E.

Residents
Tourists
Total

681
9
690

COD
(t/y)
32,08
0,42
32,50

BOD
(t/y)
14,91
0,20
15,11

N
(t/y)
3,06
0,04
3,10

P
(t/y)
0,45
0,01
0,46

Picture 6
Total population (in p.e.)

INDUSTRY
INDUSTRIAL SECTORS

It has been calculated that within the catchment basin of lake Candia
there are 6 industrial units and approximately 30 people are working
in the industrial sector. The industrial sector is mainly located in the
artificial area around Candia Canavese. The most developed activity
is the manufacturing of products from non metalliferous minerals,
employing more than 17 people.

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC code
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
0
1
0
0
1
0
0
0
1
1
1
1
0
6

Number of employees
0
3
0
0
2
0
0
0
2
17
2
5
0
31

Number of industrial units and employees
INDUSTRIAL SITES AT RISK

Currently, there are no industrial sites at risk of serious accidents
(Leg. D. 334/99).

CONTAMINATED SITES

There are no contaminated sites (according to Leg. D. 22/97) nor
polluted areas (according to act 426/98).
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POTENTIAL INDUSTRIAL LOADS

The potential industrial load is limited to the Municipality of Candia
Canavese and amounts to 280 p.e.; a low level, characteristic of
small catchment basins with not significant industrial loads.

Potential loads
Industrial sector

P.E.
280

N (t/y)
0,31

P (t/y)
0,04

Picture 7
Potential industrial
loads

COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTE WATER COLLECTION SYSTEM

Within the catchment basin, there is the sewerage system of the Municipality of Candia Canavese, which falls within the competence of
the Wastewater Authority of Strambino and collects the discharges
of the village (1,240 inhab.) and of 4 civil settlements, 2 restaurants
and 3 refreshment booths located on the lake shore. Altogether, the
sewerage system collects the wastewater of 1,350 inhabitants.
In general, as for the catchment basin of lake Candia, urban fabric
input is of secondary importance and limited to the treated discharge of Candia plant.
The part of the sewerage system crossing the village of Candia also
collects storm waters, whereas the collector on the lake shore collects just sewage waters. The estimated length of the combined
sewerage system crossing the basin is of about 8.2 kilometres.
The wastewater of about 95% of the population is collected by the
sewerage system.
The industrial wastewater collected by the sewerage system has
been estimated by increasing the total population by 10%.
There are no overflows within the catchment basin.

Urban wastewater collection
Combined sewerage system:
- Km of sewers: about 8.2 km
- Collected population: 1350 inhab. (95% of resident population)
Separate sewerage system:
- Km of sewers: 0 km
- Collected population: 0%.
Final receiver:
- Treatment plant; then sewage is discharged into a surface water
body
Overflow:
- According to available data, there are no overflows within the
catchment basin.
Industrial component:
- Calculated as 10% of the total population
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URBAN WASTEWATER TREATMENT SYSTEM
WASTEWATER COLLECTING SYSTEM

The above-described sewerage system flows into a secondary treatment plant collecting the incoming loads of 1,370 P.E.; moreover,
there is an Imhoff tank (primary treatment) accounting for 30 P.E.
Treatment efficiency has been assessed both considering specific
theoretical factors and using the monitoring data relating to incoming
and outgoing loads. The results of the two calculations are similar,
as shown in the tables on the right and below.
There is still some domestic and industrial wastewater that is not
treated. There are 3 civil point sewers not connected to the sewerage system and drained through soakaways within the Municipality of
Caluso and 3 within the Municipality of Mazzè.
Non collected population amounts to 71 inhabitants in total.
Within the basin of Candia Canavese, only a small part of the population is not collected, whereas the majority of domestic and industrial wastewater is collected.

Information at basin scale
Type of treatment:
Type
Primary T.
Secondary T.
Tertiary T.
Total

Number of plants
1
1
0
2

P.E.
30
1.370
1.400

Picture 8
Wastewater
treatment plants
within the
catchment area

Final receiver:
- Lake Candia: 0 plants
- Other water bodies: 2 plants
Removal efﬁciency:
Parameter
BOD
COD
Nitrogen
Phosphorus

Assessed using coefficients Assessed according to monitoring data
84%
90%
74%
84%
20%
64%
24%
23%

AGRICULTURE AND ANIMAL FARMING
TYPE OF CROPS

Agriculture is very developed within the lake catchment basin, especially heterogeneous agricultural areas (67%) and arable land (22%),
in particular corn and wheat. Poplar plantations are particularly widespread. The presence of pastures (7%) and grazing land (4%) is not
very significant.

22%
7%
4%
67%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 9
Subclass percentage in the
CLC farming area

Figura 9 – Percentuale di sottoclassi dell’area agricola del CLC
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LIVESTOCK FARMING

In general, animal farming is particularly developed within the municipal territory. According to the results of the latest ISTAT census in
the catchment area, there are especially poultry and rabbit farms, but
also cattle farms are widespread.
The picture shows animal density (expressed in livestock units/
hectare). The Municipalities with the highest animal density are Mazzè and Caluso.
Type
Number of heads
Cattle
587
Horses
3
Pigs
469
Sheep-and goats
13
Poultry and rabbits
5.648
Numero di animali e livestock unit

Livestock units
587
3
94
2
23

Picture 10
Number of animals and
livestock units
POTENTIAL LOADS FROM AGRICULTURE

The potential load from agriculture, due to fertilizers, was calculated
using some general coefficients (generic contribution). The general
coefficients were applied to the four above-mentioned classes. The
table reports an estimate of nitrogen and phosphorus loads deriving
from the different types of crops.

Theoretical loads
Nitrogen and phosphorous loads have been calculated using
general coefficients:
Population
Arable land
Permanent crops
Pasture
Heterogeneous agricultural areas
Total

Km²
1,33
0,43
0,23
4,10

N (t/y)
26,6
4,3
0,9
49,2
81

P (t/y)
5,3
1,3
0,7
22,5
29,8

POTENTIAL LOADS FROM LIVESTOCK FARMING

Within the catchment basin, there are no Municipalities with P.E.
values exceeding 10000. Nevertheless, animal farming is very developed and there are the point discharges of 6 farms within the
Municipality of Mazzè breeding 190 head of cattle in total.
In this particular case, wastewater is collected in watertight tanks
and then used as fertilizer within the basin of Candia, thus generating
diffuse nutrient loads*.
In general, the estimated load from animal farming within the basin
is of 7,606 P.E.

Type of farming
Cattle
Horses
Pigs
Poultry & Rabbits
Sheep & Goats
Total

COD
(t/y)
252
1,29
90,8
12,4
1,54
358,03

BOD
(t/y)
117
0,60
42,2
5,65
0,72
166,17

N
(t/y)
35,2
0,17
7,04
2,82
0,09
45,32

P
(t/y)
5,3
0,03
2,11
1,13
0,04
8,61

P.E.
5361
27,4
1927
258
32,7
7606,1

Picture 11
Theoretical load from
animal farming (p.e.)
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NATURAL AND SEMI-NATURAL AREAS
USE OF LAND

The majority of natural and semi-natural areas are covered by forests (79%): particularly, hygrophilous groves of alder (Alnus glutinosa)
and groves of false acacia. The areas covered by scrub and/or herbaceous vegetation associations are also quite widespread (21%),
whereas open areas with little or no vegetation are not significant.

21%

0%

79%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 12
Percentage of CLC subclasses for woodlands and semi-natural
environments

NATURAL AREAS

Protected areas account for 44% of the catchment basin. Around
the lake there are: 1 park, 1 SCI and 1 SPA. The nature reserve of
provincial interest covers a surface of 336.17 ha, within the Municipalities of Candia Canavese, Mazzè and Vische. The lake basin well
preserves its natural conditions and the lake and nearby marsh are
one of the most important wetlands in Piedmont. Lake Candia is one
of the most important wetlands in the region, since it is populated by
many water birds, including some rare species, and has a hygrophilous flora. For this reason, 276.17 ha of the protected area are included among the Sites of Community Interest (SCI) and the Special
Protection Areas (SPA); the three areas therefore overlap within the
catchment basin (see picture 16). In particular, as the picture shows,
the area of the Park coincides with the Special Protection Area.
For all these reasons, the Park is included in the list of biotopes of
the region Piedmont. Lake Candia will soon be included in the list of
protected wetlands, according to the Ramsar Convention.

Type
Parks
SIC
ZPS
Other areas
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Number
3
3
3
0

Extension (km2)
3,36
2,71
3,35
0

Picture 13
Natural areas

Lake Lake
Candia
Candia
ENVIRONMENTAL BALANCE SHEET
The application of the DPSIR model allowed to organise information
in an integrated platform, identifying the synergies deriving from the
application of anthropic pressure on the territory.
The radar chart (see Pictures 14-15-16), drawn on the evaluation
of Pressure Sources, Pressures and State of Resources, allows to
provide an indication of the global impact on the municipalities of
Candia, Caluso and Mazzè (Vische is not included, beause it is the
least significant of the 4 Municipalities within the catchment basin).
The triangle, in particular as for Caluso and Mazzè, is homogeneous
on the axis of sources, indicating the presence of a quite high number of pressure sources. In this situation, on the one hand, there are
active sources on the territory and therefore a quite high real impact,
on the other, natural resources are still present; hence, loads should
be reduced before they reach levels preventing any type of action.
The impact of Pressure sources is lowest in the Municipality of Candia Canavese, whereas Mazzè has the best Resources Status.
For further information, please refer to the work: “Environmental Balance Sheet – Specific approach to small lakes and surrounding territory, Alplakes European Project.
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Picture 14
Chart of global impact on the territory of Caluso
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Picture 15

Picture 16

Chart of global impact on the territory of Candia
Canavese

Chart of global impact on the territory of Mazzè

POTENTIAL AND RESIDUAL LOADS

Potential loads
8%

89%
Household emissions
Zootechnical emissions

3%

Picture 17

Balance of pollutants and nutrients

Potential loads from
various sectors

Source

Sector
P.E.
Civil and household 688
Industrial
280
Animal farming
7.606

Domestic sector
Industrial sector
Agricultural sector
Animal farming sector
Total

COD
t/y
32

BOD
t/y
15

358
390

166
181

Nitrogen
t/y
3
0,31
81
45
129

Phosphorus
t/y
0,46
0,04
29,8
8,6
38,9

Industrial emissions
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Phosphorus balance
Point sources
Private
discharges

- t P/y
WTP

Industrial activities
0,04 t P/y
Public collection system
Domestic sector
0,4 t P/y

Overflows

0,7 t P/y
0,07 t P/y
- t P/y

Out of basin diversion

Private
discharges

- t P/y

Diffuse sources
Natural load

0,04 t P/y

Agriculture and animal
farming 35 t P/y

1 t P/y

1,81 t P/y

Residual phosphorus loads
Application of theoretical coefficients
As shown in the above chart, the estimated phosphorus input to the lake, using coefficients, is of about 2 t/y.
Monitoring data
Currently, there are no monitoring data available regarding tributaries.
Application of OECD models
By using the formula proposed by OECD for shallow lakes within the alpine region, the estimated annual phosphorous input is of 0,3 t/y.

Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water

Biological quality of water
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Source
Piano di Tutela delle Acque (Monografie, aggiornamento 2004)
Progetto MI.CA.RI. Strumenti e procedure per il miglioramento della capacità ricettiva di corpi idrici superficiali. Report
CNR-ISE, 01.04: 18 pp.
Progetto Corine Land Cover (2000)
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Osservatorio Turistico Regionale - Dati Regione Piemonte, 2005
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)

Regione Piemonte - Piano di Tutela delle Acque della Regione Piemonte, D.G.R. n. 23-13437 del 20 settembre 2004,
modificata con D.G.R. n. 30-14577 del 17 gennaio 2005.
ISTAT - 5° Censimento dell’Agricoltura (2000)
ISTAT - 5° Censimento dell’Agricoltura (2000)
Regione Piemonte
Regione Piemonte - Piano di tutela delle acque
ARPA Piemonte, 2007
Monitoraggio delle acque superficiali in Piemonte, Arpa Piemonte & Regione Piemonte, Torino, giugno 2006.
Data trend:
Period 2001-2004: Regione Piemonte
Period 1990-2000: Consiglio Nazionale delle Ricerche - Istituto per lo Studio degli ecosistemi Verbania Pallanza.
Fauna bentonica: C. Tessier, A. Cattaneo, B. PINEL-ALLOUL, G. Galanti: “Biomass, composition and size structure of inverte
brate communities associated to different types of aquatic vegetation during summer in Lago di Candia (Italy)”, J. Limnol.,
63(2): 190-198, 2004

Lake Maggiore
Lake Maggiore
©Foto: Distretto Turistico dei laghi - Andrea Lazzarini Editore - Stresa

Lake Maggiore or Verbano is one of the largest lakes in the alpine area,
and ranks second in Italy for its extension. It is located between the
provinces of Varese (on the Lombard shore) and Verbania and Novara
(on the Piedmont shore), while its northern part is in the Swiss territory
(Ticino canton). While 80% of the lake area is in the Italian territory,
about half of its catchment basin is in Switzerland, where the Ticino
river, the main tributary and emissary of the lake, flows. Another important tributary is the Toce river, in the Piedmont territory.
The lake has a fluvioglacial origin: the last Würmian glaciation of the
quaternary run through the fluvial valleys already washed during the
Messinian (6-5 million years ago), creating the southern barrier that
allowed the formation of the lake basin.
The climate is well known for its mildness already at the time of Petrarch, who defined it as “healthy”. Thanks to rainfall and microclimate,
the lake shores are the ideal habitat for a wide variety of Mediterranean
flower species, but also for many rare and exotic plants, grown in the
refined gardens of the many villas overlooking the lake. The Lake Maggiore area was dubbed “The Garden of Europe”, for the variety of its
flowers and plants, coming from all over the world.

Geographical position

State
Region
Province
Municipalities
Geographical co-ordinates
of the lake centre

Italy, Switzerland
Lombardy, Piedmont
Como, Novara, Varese, Verbania
225 municipalities
φ=45°57’14’’ λ= 08°38’03’’

Lake catchment

Main features of the catchment area

Surface
Maximal altitude
Average altitude
Main tributary
Main emissary

6.599
4.633
67
292

F. Ticino
F. Ticino

km²
m a.s.l.
m
m3/s
m3/s

Main features of the lake

Surface
Catchment area/ lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

213
31
170
194
370
176
37.500
4,1

km²
km
km
m a.s.l.
m
m
M m3
years

250

25

200

20

150

15

100

10

50

5

0

0
Jan

Feb

March Avril

May

June

1-Rainfall (1970-2003)
1-Temperature (1970-1996)

July

Aug

Sept

Oct

Nov

Dec

2-Rainfall (1970-2003)
2-Temperature (1981-1999)

Mean temperature (°C)

Mean rainfall (mm/month)

Temperature and rainfall

Station
Manager
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall

Pallanza (IT) (1)
ISE-CNR
Verbania (VB)
211 m a.s.l.
1970-1986
12,2 °C
1970-2003
1.700 mm

Locarno Monti (CH) (2)
Meteo-Svizzera
Locarno (Svizzera)
379 m a.s.l.
1981-1999
12,1 °C
1970-2003
1.868 mm
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LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake

Year 2005

Weighted average concentrations - layer 0 to 360 m
Date : 14/03/05
Station : Centre of lake (Ghiffa)
µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)
50
epilimnion

40

hypoliminon

30

MEI Index-Theoretical natural level
6.3 µg P/l
of Tot. Phosphorus :

column

20
10

2005

2002

1999

1996

1993

1990

1972

1987

0

Trophic state classification
Oligotrophic

1984

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

11.0
9.0
1.0
0.9
0.0

1981

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

1978

µS/cm

1975

163
7.4
0.8
1.6
0.1
1.1
0.3
0.1
0.0

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

Source: Osservatorio dei Laghi Lombardi - 2004

Transparency
Annual average transparency
Minimal transparency
4/07/05
Maximal transparency
14/3/2005

Chlorophyll a in the euphotic layer

8.3 m
4.5 m
19.5 m

Annual average concentration
Maximal concentration
23/03/05

Temperature - Oxygen curves

2400

Cyanophyceae

2200

Dinophyceae

2000

Chlorophyceae

60
90
120

1800

16

18

20

22

24

26

150
180
210

Diatomophyceae

1200
1000
800

O2 mixing (mg/l)

600

Temp. stratif. (°C)

400

O2 stratif. (mg/l)

200
nov 05

dec 05

©Foto: Distretto Turistico dei laghi - Andrea Lazzarini Editore - Stresa

This is one of the most investigated Italian lake water bodies for
both historical reasons and the presence of the International Commission for the Protection of the Italian-Swiss Waters (CIPAIS) which
co-ordinates several research projects and studies on the critical
points of Lake Maggiore and Lake Lugano.
From a thermal point of view, this is a holomictic/oligomictic lake
and, on account of its considerable depth, complete water circulation does not occur every year (the latest complete circulations
were recorded in the years 1999, 2004 and 2005). The lake presently shows an oligotrophic condition: over the last decade, average total phosphorus loads have ranged between 8 and 12 µg/l
in the water column. Oxygenation values in deep water indicate an
acceptable oxygenation rate as the historical data on average saturation values in the entire hypolimnion have been unchanged since
the end of the 70s, always ranging between 60% and 80%.
In the last few years, the lake has recovered an almost natural
trophic condition which had been lost in the 70s when the lake
was in a full mesotrophic state. Also the investigated biological
components (mainly phytoplankton) basically confirm the stability of
lake biotic features related to water oligotrophic values. Phosphorus target level of 10 µg/l as suggested by CIPAIS and laid down
by the regulations of Lombardy region, has almost been reached
and the actions taken in the water-treatment field should stabilise
this trend in the future.

oct05
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sep05

Mixing sample
Stratification sample
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0
jul-0
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Temp. mixing (°C)
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6

jan05
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0
30

0
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2.9 µg/l
9.7 µg/l

Lake Maggiore
Lake Maggiore
OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

The coastal area has a limited extension, as compared to the pelagic area, so the development of aquatic macrophytes is relatively limited:
just a few areas are appropriate for the development of relevant communities. These include the Piana di Fondotoce area (dominated by
Phragmites australis and Trapa natans v. verbanensis). The most abundant species in the lower part of the basin are of exotic origin (Lagarosiphon major
and Elodea densa). The Swiss part of the lake enjoys a wider diversity: a total of 40 species were reported in the southern area, 47 in the Swiss
territory and 42 in the northern Italian area. The coastline of the latter shows a reduction of biodiversity as compared to historic series (until
1976), indicating the presence of 52 species.
Species
Lagarosiphon major
Elodea densa
Myriophyllum spicatum
Vallisneria spiralis
Najas marina
Ceratophyllum demersum
Potamogeton perfoliatus
Ranunculus aquatilis

Covering (%)
19.6
15.7
14.9
0.8
0.2
0.1
0.1
0.1

Species
Covering (%)
Elodea canadensis
<0.1
Littorella uniﬂora
<0.1
Nitella ﬂexilis
<0.1
Polygonum amphibium
<0.1
Potamogeton crispus
<0.1
Potamogeton lucens
<0.1
Trapa natans v.verbanensis
<0.1

Main aquatic macrophytes (period 1973-1974) in the southern
area of the lake (including the Pallanza basin):
covering values (%) refer to the Braun-Blanquet
method (1932, 1964)

Species
Myriophyllum spicatum
Phragmites australis
Potamogeton crispus
Potamogeton perfoliatus
Ranunculus sp.
Typhoides arundinacea
Vallisneria spiralis
Zannichellia palustris

Frequency
in C.U.s (%)
20-50
20-50
20-50
20-50
20-50
20-50
20-50
20-50

Species
Callitriche sp.
Elatine hydropiper
Eleocharis acicularis
Fontinalis antipyretica
Iris pseudacorus
Littorella uniﬂora
Potamogeton panormitanus
Schoenoplectus lacustris

Frequency
in C.U.s (%)
5-20
5-20
5-20
5-20
5-20
5-20
5-20
5-20

Main aquatic macrophytes (year 1980) in the Swiss area: the
(%) indicates reporting frequency
calculated on the 39 Cartographic Units (C.U.) in which the
coastal area has been subdivided.

BENTHIC INVERTEBRATE FAUNA

The analysis of the benthic community (March 1988) shows a numerical dominance (83%) of oligochaeta, family of Tubificidae in particular.
Also a considerable presence of diptera, of the family of Chironomidae was reported (13%). The overall density of the community is of about
10.000 ind. m-2.
Class
IINSECTA

Family

Subfamily

Species

Density (ind. m-2)

CHIRONOMIDAE

CHIRONOMINAE

Chironomus sp.

120

Cladotanytarsus sp.

146

Microtendipes sp.

130

Polypedilum gr. bicrenatum

213

Pseudochironomus sp.

397

TANYPODINAE

Others

191

Procladius sp.

166

Asellus aquaticus

165

Helobdella stagnalis

85

Other
CRUSTACEA

ASELLIDAE

24

Other

2

IRUDINEA

GLOSSIPHONIIDAE
Other

28

BIVALVIA

SPHAERIIDAE

20

GASTROPODA

18

TURBELLARIA
OLIGOCHAETA

19
LUMBRICULIDAE
NAIDIDAE

TUBIFICIDAE

115
Nais barbata

156

Ophidonais serpentina

185

Slavina appendiculata

114

Others

274

Aulodrilus limnobius

221

Aulodrilus pluriseta

269

Limnodrilus hoffmeisteri

494

Limnodrilus sp.

2428

Psammoryctides barbatus

533

Spirosperma ferox

870

Others

193

Not determined

2893

Deep Benthos: average values (individuals per m-2) on 4 sampling stations (depth ranging between 5 and 20 m)
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MAIN USES
BATHING

Quality of bathing water (2006)
Total number of monitored sites: 68 (56 Piedmont, 12 Lombardy)
Total number of sites where bathing is allowed: 55 (43 Piedmont,
12 Lombardy)
Number of sites were bathing is forbidden: 13
Water quality trend (1997-2006)

In 2006, 68 sites were monitored (56 in Piedmont and 12 in Lombardy) to assess their compliance with the legal thresholds defined
by the national legislation.
In 55 cases (81%) bathing is allowed, while in 13 it was forbidden,
mainly due to microbiological pollution.
Considering the monitoring data of the last 10 years, it may be observed that the number of monitored sites slowly decreases, while
the number of sites where bathing is allowed remains more or less
constant, ranging between 55 and 65.
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Picture 1 – Bathing water quality trends

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

Water for human consumption is abstracted from a single site, for public
consumption, located in the municipality of Leggiuno, and the quantity of
water abstracted is of 0.63 Mm³/year (20 l/s).
The site is classified A2 based on the EU directive 75/440/EEC.
There is another private abstraction site for human consumption, located
in Ispra.
Always on the Lombard shore, there are moreover 65 more abstraction
points, mostly for irrigation, although the two main diversions are for industrial use. This quantity of 5,86 Mm3/year, plus the quantity of water
abstracted for drinking water, correspond to about 7,5 Mm³/year.

Drinking water
Abstraction points on the lake:
Location
Leggiuno
Ispra

Volume
(Mm³/ year)
0,63
0,95

N° abstractions

Volume
(Mm³/ year)
3,47
2,08
0,31
5,86

Other use
Abstraction points on the lake
Type of use allowed
Irrigation
Industrial
Other uses
Total

100

Classification
(Dir. 75/440/CEE)
A2

30
3
7
47

Lake Maggiore
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FISH FAUNA AND FISHING

The number of species in Lake Maggiore
is ever increasing. This is not a positive
trend, as it is due to the arrival of new
exotic species (34% of the total species
in 2001).

autoctone

alloctone

100%

Frequenza

80%
60%
40%
20%
0%

1896

1989
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There are 53 professional fishermen on
the lake (35 in Lombardy and 18 in Piedmont) and the main species fished are:
lake whitefish, perch, brown trout and
roach.

Common name
Agone
Alborella
Anguilla
Barbo comune
Bottatrice
Cagnetta
Carassio
Carpa
Cavedano
Cheppia
Cobite comune
Coregone bondella
Coregone lavarello
Ghiozzo padano
Gobione
Lampreda padana
Luccio
Lucioperca
Persico reale
Persico sole
Persico trota
Pesce gatto
Pigo
Rutilo o gardon
Salmerino alpino
Sanguinerola
Scardola
Savetta
Scazzone
Spinarello
Storione cobice
Temolo
Tinca
Triotto
Trota fario
Trota lacustre
Vairone

Scientific name
Alosa fallax
Alburnus alburnus alborella
Anguilla anguilla
Barbus plebejus
Lota lota
Salaria ﬂuviatilis
Carassius sp.
Cyprinus carpio
Leuciscus cephalus
Alosa fallax
Cobitis taenia bilineata
Coregonus macrophtalmus
Coregonus lavaretus
Padogobius martensii
Gobio gobio
Lampetra zanandreai
Esox lucius
Sander lucioperca
Perca ﬂuviatilis
Lepomis gibbosus
Micropterus salmoides
Ameiurus melas
Rutilus pigus
Rutilus rutilus
Salvelinus alpinus
Phoxinus phoxinus
Scardinius erythrophtalmus
Chondrostoma soetta
Cottus gobio
Gasterosteus aculeatus
Acipenser naccarii
Thymallus thymallus
Tinca tinca
Rutilus erythrophtalmus
Salmo (trutta) trutta
Salmo (trutta) sp.
Leuciscus soufﬁa muticellus

Origin in the region Lombardy 1896
Local
•
Endemic
•
Local
•
Endemic
•
Local
•
Local
•
Exotic
Exotic
•
Local
•
Local
•
Endemic
•
Exotic
Exotic
Endemic
•
Local
Endemic
•
Local
•
Esotica
Exotic
•
Exotic
Exotic
Exotic
Endemic
•
Exotic
Exotic
Local
•
Local
•
Endemic
•
Local
•
Local
Endemic
Local
•
Local
•
Endemic
•
Exotic
?
•
Endemic
•
List of fish species

1989
•
•
•
•
•
•
•
•

2001
•
•
•
•
•
•
•
•
•

•
•
•

•
•
•
•
•

•

•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

•
•
•
•
•

•
•
•
•
•

CATCHMENT AREA

LAND USE
The basin of Lake Maggiore is more or less equally subdivided
between the Swiss and Italian territory. In the Italian territory, over
70% of the basin surface is in Piedmont.
The basin also includes other lakes, some of them quite large (Lake
Lugano, Lake Varese and Lake Orta) and others that are smaller
(Lake Monate, Comabbio, Mergozzo, Piano, to mention just a few).
As for soil coverage, in the Italian area over 75% is made of forests and semi-natural areas; agricultural areas account for barely
one tenth of the territory (9%) and artificial surfaces cover 6.5%. As
previously said, water bodies are abundant and account for about
7% of the area. There are also relevant humid areas, especially in
Lombardy ( (0,2%).

Picture 2
Land use in the catchment basin
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ARTIFICIAL SURFACES
LAND USE

Artificial areas amount overall to about 6.5% of the whole catchment
basin of the lake. They are located mainly in the neighbourhood of
the lakes and along the Toce valley. The majority of these areas are
in Lombardy, in the area between lakes Maggiore and Varese.

9%

Artificial surfaces are mostly residential urban areas (88%), industrial
commercial areas and infrastructure (9%) mining areas, waste disposal and building construction sites (2,5%). The remaining class is
scarcely represented (0,5%).

The total perimeter of the lake is of about 170 km, artificial shoreline
(marked in red in the picture) amount to about 50%. They include both residential buildings in low density urban agglomerations,
towns, tourist facilities like wharves and marinas.
There are also partially modified areas, where the farmland runs
along the shore line, and they amount to 19%. About 31% is in a
condition that is very near to that of a natural environment.

Picture 4
Artiﬁcial shoreline
of Lake Maggiore

POPULATION DENSITY

The population living in the lake basin, in the Italian territory, amounts
to about 461.000 inhabitants, plus the inhabitant on the Swiss territory (380.776 residents, Cipais data). There are 6 towns with over
10.000 inhabitants: the most numerous are Varese, Verbania (which
is located on the lake) and Domodossola.
The population density is of about 143 inhabitants/km², but in the
territory of Lombardy the value is of 321 inhabitants/km², as against
82 inhabitants/km² in Piedmont.
The tourist population is of about 45.600 people: the most crowded
periods are summer and winter (especially in the mountain area).
The average tourist density is of about 14 inhabitants/km².
The ration of tourist to local population is of about 1 to 10.
The total population density (see picture 5), both residents and floating, is of 158 inhabitants/km².

Resident population
Tourist population
Total population
Tourist/resident population ratio: 0,15
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Inhabitants
461.409
45.569
506.978

Density
inhab./km²
144
14
158

1%

88%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL SHORELINE

Population density

2%

Picture 5
Total population
density (at municipality level)

Picture 3
Subdivision of sub
classes for the class
“Artiﬁcial surfaces” of
the CLC

Lake Maggiore
Lake Maggiore
POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population in the basin of Lake Maggiore is of about 507.000
inhabitants, 461.500 of which residents and 46.500 floating.
There are six municipalities with a population exceeding 10.000 P.E.
(Varese, Verbania, Domodossola, Omegna, Arona, Luino).
As for the COD production, the yearly potential load is of about
23.800 t/year and the BOD load is of about 11.000 t/year. As for
nitrogen and phosphorous nutrients, calculated potential loads are
of 2.270 t/year and 335 t/year respectively.
The municipalities with higher loads, that directly overlook the lake,
are Verbania and Arona, on the Piedmont shore, and Luino, on the
Lombard shore.

Potential loads
Population
Pop. residente
Pop. turistica
Totale

P.E.
461.409
45.569
506.978

COD
(t/year)
21.732
2.146
23.879

BOD
(t/year)
10.105
998
11.103

N
(t/year)
2.072
205
2.276

P
(t/year)
305
30,1
335

Picture 6
Total Population (in
Population
Equivalents)

INDUSTRY
INDUSTRIAL SECTORS

The Italian area of the lake basin hosts about 5.000 industrial units,
that employ around 47.500 people.
Most units are located in the southern part of the basin (between
lakes Maggiore and Varese, as well as around the Pallanza gulf) and
along the Toce river.
About 27.000 workers operate in the Lombard area and about
20.000 in the territory of Piedmont. The units with the highest number of employees (over 2.000) are located in the municipalities of Varese and Biandronno in Lombardy and in Omegna, Verbania and S.
Maurizio d’Opaglio in Piedmont. The main sectors are those related
to metal working and manufacturing of metal items and mechanical
devices, followed by the food industry and by the industry of textiles
and garments manufacturing
The total number of workers in these sectors is of about 47,500.

NACE codes
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC codes
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
110
323
640
150
546
297
3
65
251
293
1.599
513
81
5.013

Number of employees
457
4.726
6.268
1.386
1.491
2.884
3
1.471
3.505
2.135
12.968
10.933
1.725
47.545

Number of industrial units and employees (by industrial sector)
INDUSTRIAL SITES AT RISK

The indicator presently reports information concerning the municipality that hosts the industrial sites where the presence of dangerous
elements is particularly high.
In the Italian part of the basin taken into account, there are 10 industrial sites identified according to Seveso Directives.

Industrial sites at risk
An investigation was carried out on 5 km area around the lake.
Municipality
Luino
Brunello
Leggiuno
Bardello
Sesto calende
Vergiate
Premosello Chiovenda
Ornavasso
Pieve Vergonte
Villadossola

Type of industrial activity
Hydrocarbon storage
Polymers
Chemical ancillary
Hydrocarbon storage
Galvanic industry
Galvanic industry
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CONTAMINATED SITES

In the whole basin, 118 contaminated sites were registered, in 78 different municipalities. Only Pieve Vergonte contaminated site is included
in the list of nationally relevant sites. The other sites are often very local and small.

POTENTIAL LOADS FROM INDUSTRY

In the Italian part of the basin, the industrial population in terms of
population equivalents follows more or less the same subdivision as
the density of workers per municipality: the areas were the highest
loads are reported, in terms of P.E., are the area of Lombardy, south
east of the lake in particular, but also the Piedmont area west of the
lake, as well as the coastal municipalities along the Toce river.
The overall industrial impact may be estimated at 700.000 P.E.,
435.000 of which are in the Lombard area.
As for potential nitrogen and phosphorous loads, they have been
estimated at 475 t/y for nitrogen and 33,5 t/y for phosphorous (considering the industrial load as 10% of civil load).

Picture 7

Potential loads
Industrial sector

P.E.
695.426

N (t/y)
475

P (t/y)
33,5

Potential industrial
loads expressed in P.E.

COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTE WATER COLLECTING SYSTEM

The data reported concern the Italian part of the basin.
Although no detailed data are available as to the length of sewage
networks, their type and percentage of the population served, it may
be assessed that there are over 400 spillways in the lake catchment
basin. As fare as water treatment is concerned, there are 37 WTP in
Lombardy and 90 in Piedmont, treating an overall 550.000 P.E.
There are about 50.000 more P.E. that are not collected (37.000 of
which in the Piedmont area).
The industrial population connected to the sewage system is considered to be 10% of the equivalent resident population.
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Urban wastewater collection
Combined sewage system:
- Km of sewage pipes:
Separated sewage system:
- Km of sewage pipes:
Final receiver:
- 127 WTP: 545.228 P.E. treated
- Waterways: 49.834 inhabitants
Spillways:
- 445 spillways located in the lake basin
Industrial component:
- industrial load is considered to be 10% of civil load

Lake Maggiore
Lake Maggiore
URBAN WASTEWATER TREATMENT SYSTEM

There are 123 Waste Water Treatment Plants (WWTP) in the basin.
They treat both domestic and industrial wastewater amounting to
about 545.000 P.E.; no detailed information is available as to the
various amounts for the two types of wastewater.
In Lombardy there are 37 plants (including Imhoff tanks) treating
about 250.000 P.E.
In Piedmont there are 90 plants treating about 300.000 P.E.
There are 29 WTP (21 of which in Lombardy) making a tertiary treatment of about 420.000 P.E.
Using some coefficients to calculate the removal efficiency (the data
available on inlets and outlets to the plant is not enough to evaluate
it), the results indicate that removal efficiency is of 78% e 87% for
COD and BOD respectively and of 64% and 66% for Nitrogen and
Phosphorous: in the near future the removal efficiency of nutrients is
expected to increase to a value of 75%, as established in the Regional Programme for Water Protection and Use

Information at basin scale
Type of treatment:
Type
primary T.
secondary T.
tertiary T.
Total

Number of plants
46
48
29
123

P.E.
56.836*
66.536*
421.856
545.228

* the subdivision between primary and secondary for plants <2.000 P.E. in the territory of
Piedmont has been estimated.

Picture 8
Location of wastewater
treatment plants and main
wastewater collection systems

Final receiver:
- Lake: 9 plants (107’502 total P.E.)
- other water bodies: 437726 P.E.
Removal efficiency ( assessed by coefficients):
Parameter
Removal efficiency
BOD
78%
COD
87%
Nitrogen
64%
Phosphorous
66%

AGRICULTURE AND ANIMAL FARMING
TYPE OF CROPS

Agricultural areas, that cover about 10% of the Italian part of the lake
catchment basin, are more common in the flat areas of the southern
part of the basin, as well as along the main water courses (Toce river
in particular).
Heterogeneous agricultural areas are the most widespread in the
basin, covering over 80%, followed by pastures and arable land.
Permanent crops cover less than 1% of the area.

7%

0%

13%

80%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 9
Subclasses percentage of farmland in CLC subclasses
SUSTAINABLE FARMING AREAS

Data available only concern the Lombard part of the basin: in this area agricultural areas cover about 10% if the territory and about 34% is
managed according to agro-environmental criteria.
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ANIMAL FARMING

Animal farming in general is not very common in the lake basin. Picture 12 shows animal density in livestock units. As to nitrogen, no
municipality exceeds the 170 kg/ha* per year threshold except Bardello (VA), where there is a large poultry production unit. Three municipalities (Colazza (NO), Bee (VCO) and Masera (VCO) have values
exceeding 150 kg/ha* per year, all the others have lower values.
In terms of livestock unit, most animal farms rear bovines, followed
by sheep and goat and horses.

Type
Number of heads
Bovines
28.252
Horses
3.077
Swine
2.364
Sheep and goat
41.208
Poultry and rabbit
457.092
Number of heads and livestock units

Livestock units
28.252
3.077
473
5.494
1.828

Picture 10
Animal density in
livestock unit
(municipality level)

POTENTIAL LOADS OF AGRICULTURE

The potential load coming from agriculture and due to fertilizers was
calculated using some general coefficients (specific contributions).
The specific contribution was calculated for each of the 4 classes of
the CLC method previously identified.

Potential loads
Crop
Arable land
Permanent crops
Pasture
Horticulture
Total

POTENTIAL LOADS OF ANIMAL FARMING

Only three municipalities in the lake basin have load values over
10,000 P.E. linked to animal farming: Masera (VCO), Colazza (NO),
Cannero Riviera (VCO). In general the total load coming from animal
farming is of 420,000 P.E.

Type of farming
Bovines
Horses
Swine
Poultry and rabbits
Sheep and goat
Total

COD
(t/a)
12.148
1.323
457
1.006
4.875
19.809

BOD
(t/a)
5.650
615
213
457
2.266
9.201

N
(t/a)
.695
179
36
228
288
2.426

P
(t/a)
254
27,7
10,6
91,4
115
498,7

P.E.
258.009
28.101
9.715
17.283
302.838
420.186

Picture 11
Number of animals
(in Population Equivalents)
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Km²
19,73
0,27
36,47
231,27
287,74

N (t/a)
394,6
2,7
145,9
2775,2
3.318,4

P (t/a)
78,9
0,8
109,4
1272
1.461,1

Lake Maggiore
Lake Maggiore
NATURAL AND SEMI-NATURAL AREAS
USE OF LAND

13%

Over half of the natural or semi-natural areas is covered by forests,
while the other two classes (scrub and/or herbaceous vegetation
associations, and open areas with little or no vegetation) occupy
32% and 13% of the area respectively and are mainly to be found in
the higher zones of the basin.

55%

32%

Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 12
Percentage of CLC subclasses for woodland and semi-natural
environments.
PROTECTED NATURAL AREAS

About 60% of the whole Italian territory is covered by protected areas
(up to 75% in the Piedmont area). There are 5 parks (one is a national
park, the others are regional), 30 SCI (Sites of Community Importance) and 15 SPA (Special Protection Areas).
These cover a surface of 2.544 km², but many overlap, and the
actual area is of 1.957 km².
There is also a site with a humid area, protected by the Ramsar
convention (Brabbia marshland).
About 22 km of coastline is protected, about 15% of the coast of
the Italian side.

Type
Parchi
SIC
ZPS
International convention

Number
5
30
15
1

Extension (km²)
294
410
1.836
5

Picture 13
Protected natural areas.

Extension of natural protected areas

POTENTIAL AND RESIDUAL LOADS
Potential loads

Balance of nutrients and other pollutants
26%

31%

Source

COD
t/y
23.879
n.c.

Civil sector
Industrial sector
Agricultural sector
Animal farming sector 19.809
Total

43%
Household emissions
Zootechnical emissions
Sector
P.E.
Civil and household 506.978
Industrial
695.426
Animal farming
420.186

BOD
t/y
11.103
n.c.
9.201

Nitrogen
t/y
2.276
475
3.318
2.426
8.495

Phosphorus
t/y
335
34
1.461
499
2.229

Industrial emissions

Picture 14
Potential loads from various sectors
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Phosphorous balance
Point sources
Private
discharges

? t P/y
WWTP

Industrial activities
34 t P/y
Public collection system
Household sector
335 t P/y
Diffuse source

Spillways

53 t P/y
11,5 t P/y
32,9 t P/y

Private
discharges

Out of basin deflection*
? t P/y

Natural load

49,3 t P/y

Agriculture and animal
farming 1960 t P/y

48,3 t P/y

Other basins
Lugano 12 tP - Varese 1 tP
Orta 1 tP - Mergozzo1 tP

15 t P/y

* some treatment plants bringsout of the basin a part of the loads.

210 t P/y

Residual phosphorous loads
Application of theoretical coefficients
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of 210 t/y (such data may be compared to
that modelled by PTUA (2006), indicating a load of about 230 t P/y.
Monitoring data
Monthly monitoring data exist for some of the lake tributaries. An average of the input over the last 5 years was assessed as amounting to about 220 t P/y
Application of OECD models
Using the equation indicated for deep lakes and the theoretical water residence time (4.1 y), the external phosphorus load on the lake was estimated at
255 t/y. Such data may be put in relation with the monitoring data measured over the last few years.
Data
Morphometry
Hydrology and climatology

Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water

Biological quality of water
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Source
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Commissione Internazionale per la Protezione delle Acque Italo-Svizzere (CIPAIS), 2005
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 2
Corine Land Cover (2000)
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)
ARPA Lombardia - Settore Attività Industriali, Controlli e Coord. Laboratori - U.O. Rischi Industriali
Regione Lombardia, 2006
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 6
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Regione Lombardia – Sistema Informativo Beni Ambientali
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 5
Regione Lombardia – Catasto Utenze Idriche, 2007
Regione Lombardia – DG Sanità, 2006
Commissione Internazionale per la Protezione delle Acque Italo-Svizzere (CIPAIS), 2005
Trends:
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Phytoplancton: Commissione Internazionale per la Protezione delle Acque Italo-Svizzere (CIPAIS), 2005
Other sections: Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005

Varese
LakeLake
Varese

Lake catchment

© Provincia di Varese - Settore Marketing Territoriale e Rapporti Istituzionali

Varese lake is located in the eastern area of Lake Maggiore basin and
linked to it by its emissary (F. Bardello).
The lake stretches in a hollow formed due to the action of ancient
glaciers, between morainal hills and wooden plains. It once formed a
single basin together with the neighbouring small lakes of Cornabbio
and Monate.
The lake basin area is heavily exploited by man, there are many urban
centres near it, hosting considerable vestiges of artistic value. Isolino
Virginia is particularly relevant in this respect: it is located on the shore
opposite to the provincial capital Varese, and important prehistoric remains were found there.
In the area south of the lake, near to the municipality of Varano Borghi,
there is the naturalistic conservation area of Brabbia marshland, one of
the six humid areas in the territory of Lombardy.

Italy
Lombardia
Varese
30 comuni
φ=45°49’01’’ λ=8°45’08’’

Main features of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

C. Brabbia
F. Bardello

113,8
1.226
0,75
3

km²
m s.l.m.
m
m3/s
m3/s

Mean rainfall (mm/month)

State
Region
Province
Municipalities
Geographical coordinates
of the lake centre

250

25

200

20

150

15

100

10

50

5

0

Mean Temperature (°C)

Temperature and rainfall

Geographical position

0
Jan

Feb

March Avril

May

Rainfall (1991-2001)

June

July

Aug

Sept

Oct

Nov

Dec

Temperature (1991-2001)

Main features of the lake

Surface
Catchment area/lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

14,52
7,8
24
238
24,5
11
153,65
1,9

km²
km
km
m s.l.m.
m
m
M m3
years

Station
Manager
Municipality
Altitude (m on s.l.)
Period of measure
Mean temperature
Period of measure
Mean rainfall

Varese
SIMN
Varese
410 m s.l.m.
1990-1996
12,4 °C
1970-1996
1544 mm
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LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

65
18
1.1
0.3
0.016

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

MEI Index-Theoretical natural level
18.4 µg P/l
of Tot. Phosphorus :

500
450
400
350
300
250
200
150
100
50
0
1973
1975
1977
1979

Trophic state classification
Meso-eutrophic

Total Phosphorus winter concentration (µg/l)

2001
2003

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

1991
1993
1995
1997
1999

µS/cm

1985
1987
1989

326
8.1
2.0
<0,1
--46.1
8.7
-----

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

Year 04-05

m

1981
1983

24

Weighted average concentrations - layer 0 to
Date : 23/02/05
Station : Deepest point

Transparency
Annual average transparency
Minimal transparency
Maximal transparency

Chlorophyll a in the euphotic layer

5.2 m
2.1 m
9.2 m

23/08/05
20/04/05

Temperature - Oxygen curves
0

2

4

6

8

10

12

7.4 µg/l
26.2 µg/l

Annual average concentration
Maximal concentration
23/02/05

Phytoplankton (0-6 m)
14

16

18

20

22

24

26

28

0

Desmidiaceae

4500

Cyanophyceae
Dinophyceae

4000

Chlorophyceae

3500

Chrysophyceae

3000

Cryptophyceae
Diatomophyceae

3

Biomass in mm /m

Depth (m)

3

5

5000

10

15

20

Temp. mixing (°C)

2500
2000
1500
1000

O2 mixing (mg/l)
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nov 04

ott-0
4

set04

ago
-04

lug04

giu04

mag
-04

4

dic-0
4
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Varese lake is still in a condition of high trophism of water, with
a phosphorous content of about 90 µg/l and long period of
deep water anoxia. Over the last few decades, however, phosphorous concentration has decreased from values near to
400 µg/l in the 70’s to the present values, thanks to sewerage
and water treatment applied starting from 1986 and with the
creation, in 1994, of a ring drain to collect and convey waste
water outside the basin. In the four years between 2000 and
2003 the lake made the object of a direct recovery action
allowing a partial reclamation of water quality.
In general for Lake Varese the trophic state that most approaches the natural state is, as for other environments in the intermorainal band, that of mesotrophy.

23/02/05
19/07/05

0
apr04

Mixing sample
Stratification sample

500

mar
-0

O2 stratif. (mg/l)

feb04

Temp. stratif. (°C)

janv
-04

25

Varese
LakeLake
Varese
OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

The survey period is relatively short (1997-98). Five main associations (or groups) of aquatic macrophytes were reported, developing at an
average depth ranging from 1 and 2 m. The only exception is the group of Phragmites australis, common at an average depth of 0.2 m and
having the wider species variety (over 11 species per survey unit).
Association or grouping

Depth (m)

Coverage (%)

Species (n)

Association with Miriophyllum-Nupharetum (Koch, 1826)

1.9

82

4.1

Grouping with Phragmites australis

0.2

100

11.1

Submerged grassland of Najas marina and/or Miriophyllum spicatum

1.6

65

2.0

Association with Trapetum natantis (Muller & Gors, 1960)

1.7

100

2.8

Association with Typhetum angustifoliae (Pignatti, 1953)

1.2

76

4.6

Association (grouping) in Lake Varese: average value per survey unit.

BENTHIC INVERTEBRATE FAUNA

The benthic community is altered due to the high trophic load, determining anoxia of the lake bed. The dominant fauna is composed by
Diptera (Chironomus and Chaoborus) and Oligochaeta (mainly Tubiﬁcidae). The evolution of the community in time shows how the diversity specified
in 1993 has decreased as compared to previous decades. Moreover the presence of molluscs Viviparus ater, Physa sp. and Unio pictorum (19601961) and of the decapod crustacean Orconectes limosus (2002) along the shoreline was reported.
Year
Depth (m)

1993
3

6,5

8,5

9

9,5

Taxa
INSECTA

Media

1957

1962

5-25

5-25
23

Density (ind m-2)
Chironomus gr. plumosus

1341

343

121

11

645

492

23

Chironomus gr. Anthracinus

0

0

0

0

0

0

900

0

Chaoborus flavicans

247

1335

511

1010

461

713

9800

6600

1531

12

170

1

121

367

5200

157

Limnodrilus hoffmeisteri
OLIGO-CHAETA

Limnodrilus claparedeianus
Branchiura sowerbyi

Density (individuals m-2) in the deep benthos
Class
INSECTA

Family

Subfamily

Species

Abundance (%)

CHIRONOMIDAE

CHIRONOMINAE

Chironomus gr. thummi

5.8

Polypedilum gr. nubeculosum

5.8

Altre

OLIGOCHAETA

27

ORTHOCLADIINAE

5.4

Altre

1.1

LUMBRICULIDAE

0.6

NAIDIDAE

Stylaria lacustris

12.2

Altre

0.7

TUBIFICIDAE

Limnodrilus hoffmeisteri

14.6

Potamothrix heuscheri

5.6

Tubifex tubifex

6.2

Altre

14.9

Diptera and oligochaeta at a depth ranginf between 2 and 6 metres (year 1977)
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MAIN USES
BATHING

Quality of bathing waters (2006)
Total number of monitored sites: 0
100

Trend (1997-2006)

Since 2003 the lake is no longer submitted to bathing controls.
The analysis of data concerning the last two decades indicates how
the four monitoring stations of the late 80’s became 2 in the following years. Over this period, only in 2000 and 2001 one of the
two stations gave results allowing bathing.
Samples are generally negative due to bacteria pollution but also to
high surface oxygen values caused by eutrophic processes taking
place in summer.

90
80
70
60
50
40
30
20
10
0

Monitored sites
Compliant sites
%

'97

'98

'99

'00

'01

'02

'03

'04

'05

'06

2
0
0

2
0
0

1
0
0

2
1
50

2
1
50

2
0
0

2
0
0

0
0
0

0
0
0

0
0
0

Picture 1 - Bathing water quality trend
WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

The lake water is not used as a source of water for human consumption.
There are however 7 different abstraction points totalling 1.26 Mm³.
As to water abstracted for human consumption, there are 7 abstraction
points on Lake Iseo, 6 of which for public consumption: the total abstracted
quantity amounts to 51.91 Mm3/a.

Other uses
Abstraction points on the lake
Type of use allowed
N° abstractions
Irrigation
Industrial
Hygiene and health
Other use
Total

Volume
(Mm³/y)
0,19
0,73
0,34
0,0
1,26

2
3
1
1
7

FISHFAUNA AND FISHING

The recent portrait of fish fauna is relatively comprehensive, while historical series are often lacking information. There is
a disquieting increase of exotic species
(44% of the total).
The disappearance of the lampreda padana lamprey, of the scazzone (bullhead)
and of the bottatrice (burbout) should be
underlined, as well as that of coregone
lavarello (European whitefish), an exotic
species which is relatively sensitive to
water quality alteration.
autoctone

alloctone

Frequenza

100%
80%
60%
40%
20%
0%

1896

1970-1990

2001

Frequency of autochthonus and allochthonous

The lake hosts 8 professional fishermen
and the main species fished are: lucioperca (perch pike), pesce persico (European
perch), scardola (rudd) and tinca (tench).
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Common name
Alborella
Anguilla
Bottatrice
Carassio
Carpa
Cavedano
Cobite comune
Coregone lavarello
Ghiozzo padano
Lampreda padana
Luccio
Lucioperca
Persico reale
Persico sole
Persico trota
Pesce gatto
Scardola
Scazzone
Siluro
Tinca
Triotto
Trota fario
Trota lacustre
Vairone

Scientific name
Alburnus alburnus alborella
Anguilla anguilla
Lota lota
Carassius sp.
Cyprinus carpio
Leuciscus cephalus
Cobitis taenia bilineata
Coregonus lavaretus
Padogobius martensii
Lampetra zanandreai
Esox lucius
Sander lucioperca
Perca ﬂuviatilis
Lepomis gibbosus
Micropterus salmoides
Ameiurus melas
Scardinius erythrophtalmus
Cottus gobio
Silurus glanis
Tinca tinca
Rutilus erythrophtalmus
Salmo (trutta) trutta
Salmo (trutta) sp.
Leuciscus soufﬁa muticellus

Origin in Lombardy
Endemic
Local
Local
Exotic
Exotic
Local
Endemic
Exotic
Endemic
Endemic
Local
Exotic
Local
Exotic
Exotic
Exotic
Local
Local
Exotic
Local
Endemic
Exotic
?
Endemic
List of fish species
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•
•

1974
•
•
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•
•

2001
•
•
•
•
•
•

•
•
•
•

•

•

•

•

•

•

•
•

•

•

•

•

•

•

•
•
•
•
•
•
•
•
•
•
•
•
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Varese
LakeLake
Varese
CATCHMENT AREA

SOIL MANAGEMENT
Lake Varese is located in the Insubria area, east of Lake Maggiore
and in a highly populated area. Its basin also hosts another large
lake, lake Comabbio, linked to lake Varese by means of the Brabbia
canal.
The territory is mostly in a piedmont area: artificial surfaces are the
largest and cover more than 37% of the area: They are followed by
wooded or semi-natural areas (35%), mostly north of the basin, and
agricultural areas (20%). Water bodies cover more than 20% of the
territory, that is the ratio between basin and lake area is not very high.
There are also a few humid areas, covering more than 5 Km² and
located between the two lakes (Brabbia swamp) and in the north
east area of lake Varese (Lake Biandronno).

Picture 2
Land use in the catchment basin

ARTIFICIAL SURFACES
LAND USE

Artificial areas amount to nearly 38%, and this indicates a territory
with a high human impact. Most of the lake shores, as well as the
area east of the lake itself (where the city of Varese is located) is
highly urbanised. Industrial areas cover nearly 10% of the zone while
the rest is covered by residential urban fabric. Mining, construction
yards and waste disposal areas are not very widespread (0.7%) as
well as those intended for artificial non cropped green areas (1.7%).

7%

1%

2%

Picture 3
Subdivision of sub
classes for the class
“Artiﬁcial surfaces” of
the CLC

90%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL SHORELINE

The total perimeter of lake Varese is of about 24 km and artificial
areas (marked in red in the picture) amount to 50% of the total. They
include both residential buildings in low density urban agglomerations, towns, tourist facilities like wharfs and marinas.
There are also partially modified areas, where the farmland runs
along the shore line, and they amount to 33 %

Picture 4
Artiﬁcial shoreline
of Lake Varese

POPULATION DENSITY

The population living in the lake basin amounts to about 87,800
inhabitants, plus 3,500 floating.
Population density is high: over 750 inhabitants/km², nearly double
as compared to the average of the region, and more similar to highly
urbanised areas of Milan outer city, where the figure often reaches
1,000 inhab./km².
The ratio of tourist to local population is quite low, of about 1 to 25.

Population density
Resident population
Tourist population
Total population
Toursit/resident population ratio: 0.15

Inhabitants
84.173
3.569
87.769

Picture 5
Total population density
(at municipality level)

Density
inhab./km²
740
32
771
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POTENTIAL LOADS FROM HOUSEHOLDS

The total population present in the basin is of about 87,800 inhabitants, 84,200 resident and 3,600 floating.
Only the municipality of Varese has more than 10,000 P.E., all the
other municipalities have a population below 5,000.
As for COD production, the potential yearly load is of about 23,500
t/y and the BOD load is of about 11,000 t/y. As for nitrogen and
phosphorous nutrients, calculated potential loads are of 2,250 t/y
and 331 t/y respectively

Potential loads
Population
Resident Pop.
Tourist Pop.
Total

P.E.
84.173
3.596
87.769

COD
(t/y)
3.965
169
4.134

BOD
(t/y)
1.843
78,8
1.922

N
(t/y)
378
16,1
394

Picture 6
Total population (in
Population Equivalents)

P
(t/y)
55,6
2,4
58

INDUSTRY
INDUSTRIAL SECTORS

The lake basin hosts about 900 industrial units, employing 12,900
people.
Varese is obviously the city hosting more industrial units and workers,
over 4,000. Also Biandronno is very industrialised, with over 4,000
workers and a resident population of barely 3,000.
The main sectors are oil industry and carbon, chemistry and textiles.
Just a few industrial waste water discharges convey directly into the
water body surface after treatment (it is in general cooling waters).

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Total

SIC code

Industrial units

14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

7
66
187
77
554
122
1
14
68
27
169
85
15
4.847

Number of
employees
34
478
1.658
655
1.730
514
1
227
1.237
159
1.001
4.915
1.234
44.203

Number of industrial units and employees
INDUSTRIAL SITES AT RISK

The indicator presently reports information concerning industrial sites
where the presence of dangerous elements is particularly high.
In the basin sector included in a band of 5km around the lake there
are 4 industrial sites identified according to Seveso Directives.

Industrial sites at risk
Municipality
Sesto Calende
Vergiate
Brunello
Bardello

Type of industrial activity
Galvanic industry
Galvanic industry
POL
DHC

CONTAMINATED SITES

In the whole basin, 27 contaminated sites were registered, in 15 different municipalities of the basin. None of them is however included into
the list of nationally or regionally relevant sites, most of them are very local and small.
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Varese
LakeLake
Varese
POTENTIAL LOADS FROM INDUSTRY

The industrial population is quite widespread in this area: 12 municipalities have a population equivalent value over 2,000 P.E., 2 over
10,000 P.E. (Daverio and Azzate) and Varese even exceeds 10,000
P.E.
The overall industrial impact may be estimated at 206,400 P.E.
As for potential nitrogen and phosphorous loads, they have been
estimated at 129 t/y for nitrogen and 5.8 t/y for phosphorous (considering the industrial load as 10% of civil load). Industrial population
density reaches a value of 1,813 P.E./ km².

Picture 7
Potential indsutrial load
expressed in P.E.

Potential loads
Industrial sector

P.E.
206.368

N (t/y)
128,8

P (t/y)
5,8

COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTEWATER COLLECTING SYSTEM

Urban wastewater collecting

Most municipalities of the basin have separated networks, with a
percentage higher than 70%. At basin level, however, considering
that the municipality of Varese does not have separate networks,
such percentage decreases to 38%.
In the whole basin there are 70 spillways, but no detailed information
is available as to the quantity of water discharged in case of rainfall.
Over 95% of the basin population is connected to the sewage system. The industrial population connected to the sewage system in
terms of P.E. is 10% of the equivalent resident population.

Sewage:
Over 95% of the population is connected to the sewage system.
Final receiver:
- 1 WWTP (gavirate): 100.000 P.E. treated.
Overflow:
- 70 overflows in the lake basin
Industrial component:
- industrial load is considered to be 10% of civil load.

URBAN WASTEWATER TREATMENT SYSTEM

Since 1986, with the creation of a ring of main drains, nearly the
whole population has been gradually served by public sewage.
At present less than 4% of the population is not connected to the
network, but their waste water is treated in Imhoff tanks.
The load conveyed by the public collection system is brought out
of the basin and treated at Gavirate treatment plant, with a potential
of over 100.000 P.E. and allowing an advanced treatment of waste
water.

Picture 8
Location of
wastewater
treatment
plants and main
wastewater
collection systems

Final receptor:
WWTP of Gavirate
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AGRICULTURE AND ANIMAL FARMING
TYPE OF CROPS

9%

Agricultural surfaces cover about 20% of the territory.
Mixed agricultural areas are the most widespread (83%), while permanent grassland and arable land are much less extended, with a
percentage of about 8%.

0%
8%

83%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 9 – Subclass percentage in the CLC farming area
SUSTAINABLE FARMING AREAS

Picture 10

Lake Varese basin is not very much exploited from the farming point
of view. About 15% of the cultivated area is managed according to
agro-environmental criteria.

Percentage of UAA with
agro-environmental
measures

ANIMAL FARMING

Picture 11

Animal farming in general is not very common in the lake basin. The
picture shows animal density in livestock units: the limit of 1 LU/ha is
rarely exceeded. The only exception is the part of Bardello municipality that falls into the basin area, due to its considerable pultry farms
(over 30.000 heads). Wastes are however most probably treated
and not spread on the soil.
As to nitrogen, no municipality (except Barbello) exceeds the 170
kg/ha* per year threshold: in most cases values are lower than 50
kg/ha.
In terms of livestock unit, most animal farms rear bovines, followed
by sheep and goat and poultry.
Type
Number of heads
Bovines
1.600
Horses
160
Swine
216
Sheep and goat
341
Poultry and rabbits
38.185
Number of animals and livestock units

Animal density in
livestock unit (municipality level)

Livestock unit
1.600
160
43
45
153

POTENTIAL LOADS OF AGRICULTURE

The potential load coming from agriculture and due to fertilizers was
calculated using some general coefficients (specific contributions).
The specific contribution was calculated for each of the 4 classes of
the CLC method previously identified.
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Potential loads
Crop
Arable land
Permanent crops
Pasture
Varied agricultural areas
Total

Km2
1,74
1,6
16,83

N (t/a)
34,8
6,4
202
243,2

P (t/a)
7
4,8
92,6
104,4

Varese
LakeLake
Varese
POTENTIAL LOADS OF ANIMAL FARMING

Only 3 municipalities in the lake basin have load values over 2,000
P.E. (Casale Litta and Casciago) and only Varese exceeds 5.000
P.E..
The total load coming from animal farming is of about 19,500 P.E..
Density in terms of P.E. at basin level reaches a level of 172 P.E.
/km2.

Type of
farming
Bovines
Horses
Swine
Poultry and rabbits
Sheep and goat
Total

COD
(t/y)
688
68,8
41,8
84,0
40,3
923

BOD
(t/y)
320
32,0
19,4
38,2
18,8
428

N
(t/y)
96,0
9,3
3,2
19,1
2,4
130

P
(t/y)
14,4
1,4
1,0
7,6
1,0
25,4

Picture 12
Number of animals
(in Population Equivalents)

P.E.
14612
1461
888
1744
856
19.561

NATURAL AND SEMI-NATURAL AREAS
LAND USE

Woodlands and semi-natural areas cover more than 30% of the area
and are located in the higher zone of the territory, in the north.
The area is covered by woodlands, mostly composed of broad-leaves.

0%

0%

100%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 13
Percentage of CLC subclasses for woodland and semi-natural
environments.
PORTECTED NATURAL AREAS

40% of the whole territory is occupied by protected areas. There
are 2 regional parks, 6 Sites of Community Importance (SCI) and 3
Special Protection Areas (SPA).
These areas cover a surface of 70 km², but many overlap and the
actual area is of 46 km².
There is also a site with a humid area, protected by the Ramsar
Convention (Palude Brabbia). Both lakes and their shorelines are a
protected area.

Type
Parks
SIC
ZPS
International Conv.

Number
2
6
3
1

Picture 14
Protected natural areas.

Extension (km2)
18,4
21,2
26,6
4,6

Extension of protected natural areas
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WATER SECTOR
WATER USE BALANCE

In the whole basin the abstraction of water for public use amounts
to 15 Mm³/y, corresponding to a pro capita water consumption of
about 480l/inhabitant.
About 2650 Mm³/year are abducted from the basin as a whole every
year: 99% for energy production, while other uses have percentages
that range between 1% and 3%.

0%

Water abstraction for human consumption
Quantity of water extracted (basin level): 34.89 Mm3/y
Quantity of water pro capita: 818 l/inhabitant.

99%
Industrial use
Public supply

Irrigation
Energy production
Other uses

Other uses
Quantity of water abstracted (basin level):
Use
Irrigation
Industrial use
Energy production
Potable use
Other uses
Total

0%
0%

1%

Volume (Mm³/y)
2,37
9,73
2612,69
15,35
1,17
2641,31

Picture 16
Percentage of water abstracted
according to uses (at basin level)

POTENTIAL AND RESIDUAL LOADS
Potential loads
6%

Picture 15

Balance of nutrients and other pollu-

Potential loads from
various sectors

Source

28%

Sector
P.E.
Civil and Household 87,769
Industrial
206,376
Animal farming
19,561

COD
t/y
Civil sector
4.134
Industrial sector
n.c.
Agricultural sector
Animal farming sector 923
Total
5.057

BOD
t/y
1.922
n.c.
428
2.350

Nitrogen
t/y
394
129
243
130
896

Phosphorous
t/y
58
5,8
104
25,4
193,2

66%
Household emissions
Zootechnical emissions

Industrial emissions

Phosphorous balance
Point sources

Private
discharges

? t P/y
WWTP

Industrial activities
5,8 t P/y
Public collection system
Household sector
58 t P/y

Spillways

0 t P/y
2,5 t P/y
0 t P/y

Private
discharges

Out of basin deflection*
? t P/y

Diffuse sources
Natural load

2,3 t P/y

Agriculture and animal
farming 129 t P/y

3,9 t P/y

8,7 t P/y
* most of discharges is collected out of the basin and treated in Gavirate treatment plant
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Varese
LakeLake
Varese
Residual phosphorous loads
Application of theoretical coefficients
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of 9 t/y (such data may be
compared to that modelled by PTUA (2006), indicating a load of about 8.3 t P/y.
Monitoring data
In 2005 a dry weather campaign was carried out (Polimi, 2005), to assess loads that constantly reach the lake (without considering, therefore, loads due to spillways and agricultural and animal farming run-off): the total contribution was assessed as being 0.9 P/a, due to the
natural load and to civil and industrial contributions.
Application of OECD models
Using the equation indicated for non deep lakes the external phosphorus load is estimated at 22,4 t/y.
It is important to underline that in the lake the presence of internal loads is a critical element for the quality of the lake.

Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater
treatment system

Agriculture
Land farming
Natural areas
Water uses
Bathing

Biological quality of water

Source
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 2
Corine Land Cover (2000)
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)
ARPA Lombardia - Settore Attività Industriali, Controlli e Coord. Laboratori - U.O. Rischi Industriali
Regione Lombardia, 2006
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 6
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Provincia di Varese – Indagine sullo stato di fatto degli sfioratori di pioggia a servizio delle reti fognarie comunali afferenti
al collettore consortile e loro effetto sulla valutazione e sull’evoluzione dello stato trofico del lago di Varese; Politecnico di
Milano, 2006
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Regione Lombardia – Sistema Informativo Beni Ambientali
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 5
Regione Lombardia – Catasto Utenze Idriche, 2007
Regione Lombardia – DG Sanità, 2006
Chemical and physical quality of water ARPA Lombardia, 2005
Trends:
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
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LakeLake
Como
Como
© Coordinamento turistico Lago di Como

Among the large sub-alpine lakes, lake Como (also said Lario) is the
third in extension and the deepest of all (425 m in Argegno). It has a
typical reversed Y shape, due to glacier bifurcation, during its descent,
blocked by mount Palanzone. The main tributary and emissary of the
lake is river Adda. The lake has a fluvioglacial origin: during the period
between 1.8 million and 10.000 years ago, the action of glaciers deepened and widened the valley hollowed out by water courses, million
years ago, during the Messinian period.
The lake may be subdivided in three different catchments: high Lario,
Como branch and Lecco branch. The point of maximal depth, located
near Argeno, is in the Como branch, the one with no effluent. Adda
river in facts comes out of the Lecco branch.
Although the lake is located at the foot of the Alps, it has a Mediterranean vegetation, which has attracted the attention of the Greeks, the
Romans and more recently various artists and intellectuals in the period of Romanticism. The area is still today a much appreciated tourist
resort, thanks to the charm of the environment, to the precious artistic
heritage and the chance of practicing water sports and both summer
and winter sports on the neighbouring mountains.

Geographical position

State
Region
Province
Municipalities
Geographical coordinates
of the lake centre

Italy, Swtzerland
Lombardy
Como, Lecco, Sondrio
228 Municipalities
φ=45°44’27’’ λ= 10°04’18’’

Main features of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

4508
4050
90,2
161,3

F. Adda
F. Adda

km²
m s.l.m.
m
m3/s
m3/s

Main features of the lake

Surface
Catchment area/lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

145
31,9
170
198
425
155
22500
4,4

km²
km
km
m s.l.m.
m
m
M m3
anni

Lake catchment

Temperature and rainfall

25

180
160

20

140
120

15

100
80

10

60
40

5

20
0

0
Jan

Feb

March Avril

May

June

1-Rainfall (1991-2000)
3-Temperature (1991-2001)
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July

Aug

Sept

Oct

Nov

Dec

2-Rainfall (1970-1997)
4-Temperature (1994-2002)

Mean Temperature (°C)

Mean rainfall (mm/month)

200

Station
Manager
Municipality
Altitude (m a.s.l.)
Period of measure
Mean temperature
Period of measure
Mean rainfall

Fuentes (1) Como (2) Bellano (3) Caslino d’Erba (4)
SIMN
SIMN
SIMN
Fuentes
Como
Bellano
Caslino d’Erba
198 m
205 m
199 m
427 m
1992-2000
1999-2002
12,5 °C
10,7 °C
1991-2000 1970-1997
1147 mm 1350 mm

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 01/03/05
Station : Centre of lake
µS/cm

425 m
Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

31.0
28.0
1.1
0.9
0.03

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)
hypolimnion
epilimnion
column

80
70
60
50
40

MEI Index-Theoretical natural level
7.3 µg P/l
of Tot. Phosphorus :

30
20
10
2 0 05

20 01
2 00 3

1 99 7
1 999

1 99 3
19 95

1 9 91

1 989

19 85
1 98 7

19 75
19 77

19 81
1 983

0

Trophic state classification
Mesotrophic

1 97 9

196
7.7
1.2
----25.0
5.8
3.2
1.5

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

Year 2005

Transparency
05/04/05
01/02/05

Chlorophyll a in the euphotic layer

8.4 m
2.7 m
18.5 m

Temperature - Oxygen curves
8

10

12

14

16

18

20

22

Desmidiaceae
Euglenophyceae
Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae
Cryptophyceae
Diatomophyceae

6000

24

5000

40
3

160

3

4000
Biomass in mm /m

200
240

no data

Temp. stratif. (°C)
t-05
s ep

-05
aug

jul-0
5

01/03/05
04/07/05

jun05

Mixing sample
Stratification sample

5

0

O2 stratif. (mg/l)

m ay
- 05

400

1000

O2 mixing (mg/l)

apr-0

360

m ar
-05

320

2000

Temp. mixing (°C)

feb05

280

3000

jan05

Depth (m)

80
120

-05

6

-05

4

0

dec

2

Phytoplankton (0-20 m)

nov

0

2.5 µg/l
9.2 µg/l

Annual average concentration
Maximal concentration
02/05/05

o c t05

Annual average transparency
Minimal transparency
Maximal transparency

© Coordinamento turistico Lago di Como

At present this lake is largely mesotrophic. From a thermal
point of view, it is a holomictic/oligomictic lake and complete
water mixing usually occurs only at a depth not exceeding
150-200 meters (a complete mixing occurred in 2005).
Water quality is noticeably dependant on the complexity of the
lake basin that greatly affects both hydrological and thermal
features and therefore leads to different trophic conditions in
the various lake areas. As a matter of fact, the lake basin has
two branches extending from the main axis (north-south): the
western branch (Lecco basin) also hosts the emissary river
Adda, whereas the eastern branch (Como basin) is landlocked and the lake water reaches here its maximum depth. As
also shown in the chart, starting from the 70s, the general
conditions of the lake have slowly improved and phosphorus
concentration levels are presently 30-35 µg/l in the Como basin and 20-25 µg/l in the Colico-Lecco axis. Even chlorophyll
concentrations have dropped as a result of the overall improved water quality.
The target level of 14 µg/l as set by the regional regulations on
phosphorus concentration, is expected to be reached within
15-20 years after the completion of infrastructural works and
water treatment facilities already planned (2008).
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Available data concern a 1985 flora list.
Species
Ceratophyllum demersum
Elodea densa
Helodea canadensis
Myriophyllum spicatum
Najas marina

Species
Potamogeton crispus
Potamogeton gramineus
Potamogeton lucens
Potamogeton perfoliatus
Potamogeton pusillus

Species
Ranunculus circinatus
Ranunculus trichophyllus
Vallisneria spiralis

List of acquatic macrophytes
BENTHIC INVERTEBRATE FAUNA

Coastal benthos
Benthos data are quite outdated, as they are based on a fauna list dating back to 1971-1972.
Class
BIVALVIA
GASTROPODA
INSECTA

MALACOSTRACA
OLIGOCHAETA

Family

Subfamily

Species

SPHAERIIDAE
LYMNAEIDAE
CHIRONOMIDAE

Pisidium casertanum

Pisidium milium

Pisidium conventus

Pisidium personatum

Lymnaea peregra
CHIRONOMINAE

Chironomus gr.anthracinus

Paracladopelma sp.

Chironomus gr.plumosus

Paratendipes sp.

Demicryptochironomus sp.

Polypedilum sp.

Dicrotendipes sp.

Tanytarsus gr.inerm.-greg.

ORTHOCLADIINAE

Psectrocladius sp.

TANYPODINAE

Macropelopia sp.

PRODIAMESINAE

Prodiamesa sp.

ASELLIDAE

Procladius sp.

Asellus aquaticus

GAMMARIDAE

Niphargus sp.

LUMBRICULIDAE

Bichaeta sanguinea

Stylodrilus lemani

TUBIFICIDAE

Aulodrilus pluriseta

Potamothrix hammoniensis

Embolocephalus velutinus

Psammoryctides barbatus

Limnodrilus hoffmeisteri

Spirosperma ferox

Limnodrilus profundicula

Tubifex tubifex

Potamothrix bedoti
TURBELLARIA

PLANARIIDAE

Dendrocoelum sp.
Benthos reported in the two-years period 1971-1972

MAIN USES

In 2006, 46 sites were monitored to assess their compliance with
the legal thresholds defined by the national legislation.
Bathing is allowed in 34 sites (74%), while in 12 sites bathing has
been forbidden mostly due to microbiological pollution problems.
Based on monitoring data over the last 10 years, the number of
monitored sites slowly decreases, while from 1999 onwards the
number of sites where bathing is allowed increased, going from 3
to 34.

Quality of bathing waters (2006)
Total number of monitored sites: 46
Number of sites where bathing is allowed: 34
Number of sites where bathing is forbidden: 12
Water quality trend (1997-2006)

BATHING

100
90
80
70
60
50
40
30
20
10
0

Monitored sites
Compliant sites
%

'97

'98

'99

'00

'01

'02

'03

'04

'05

'06

59
20
34

59
21
36

59
3
5

59
8
14

59
25
42

42
32
76

43
35
81

38
27
71

36
31
86

46
34
74

Picture 1 - Bathing water quality trend
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DRINKING WATER AND WATER FOR OTHER USES

Water for human consumption is abstracted from 7 sites, 6 of which for
public consumption, with a total quantity abstracted of 51.91 Mm³/year.
The 6 sites are classified A2 based on the EU directive 75/440/CEE.
The abstraction of water for public use in the basin amounts to 258.62
Mm³/year, corresponding to a pro capita water consumption of about
1,400 l/inhabitant. (Calculations were made in relation with the quantity
of water allowed, and are generally overestimated of the double as to the
quantity actually used).
There are moreover 47 more abstraction sites on the lake, most of them for
irrigation, although the two main diversions are for industrial use. This quantity of 28.64 Mm³/year, plus the quantity of water abstracted for drinking
water, results in about 80 Mm³/year. As the main tributary of the lake (river
Adda) brings in over 2,800 Mm³/year, the level of direct water abstraction
has absolutely no influence on any component of the ecosystem.

Drinking water - Abstraction points on the lake:
Location
Classification
(Dir. 75/440/CEE)
Bellagio
A2
Como
A2
Como
A2
Griante
A2
Pognana Lario
A2
Valmadrera
A2
Torno
Other uses - Abstraction points on the lake:
Type of use allowed
N° abstractions
Irrigation
Industrial
Hygienic
Other
Total

30
3
7
7
47

Volume
(Mm³/y)
0,18
19,27
0,44
0,04
0,28
31,54
0,16

Volume
(Mm³/year)
3.38
22.02
1.36
1.88
28.64

FISH FAUNA AND FISHING

Data on fish fauna (1998): information on
the appearance of new exotic species
may be missing. The percentage of exotic species, to date, is slightly lower than
30%.

Common name
Agone
Alborella
Anguilla
Barbo comune
Bottatrice
Carpa
Cavedano
Coregone bondella
Coregone lavarello
Ghiozzo padano
Luccio
Persico reale
Persico sole
Pigo
Salmerino alpino
Sanguinerola
Scardola
Savetta
Scazzone
Temolo
Tinca
Triotto
Trota fario
Trota iridea
Trota lacustre
Vairone

Scientific name
Origin in the region Lombardy
Alosa fallax
Local
Alburnus alburnus alborella
Endemic
Anguilla anguilla
Local
Barbus plebejus
Endemic
Lota lota
Local
Cyprinus carpio
Exotic
Leuciscus cephalus
Local
Coregonus macrophtalmus
Exotic
Coregonus lavaretus
Exotic
Padogobius martensii
Endemic
Esox lucius
Local
Perca ﬂuviatilis
Local
Lepomis gibbosus
Exotic
Rutilus pigus
Endemic
Salvelinus alpinus
Exotic
Phoxinus phoxinus
Local
Scardinius erythrophtalmus
Local
Chondrostoma soetta
Endemic
Cottus gobio
Local
Thymallus thymallus
Local
Tinca tinca
Local
Rutilus erythrophtalmus
Endemic
Salmo (trutta) trutta
Exotic
Oncorhynchus mykiss
Exotic
Salmo (trutta) sp.
?
Leuciscus soufﬁa muticellus
Endemic
List of ichtic species

1896
•
•
•
•
•

•
•
•

•
•
•
•
•
•

•
•

1998
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

There are 70 professional fishermen on the lake and the main species fished are: lake whitefish, lake shad, perch and burbot.
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CATCHMENT AREA

LAND MANAGEMENT
The basin of lake Como is as large as one sixth of the whole region,
it stretches out from east to west covering the northern area of the
regional territory (the Valtellina valley, with river Adda, and Val Chiavenna valley, with river Mera), besides the areas immediately around
the lake. The basin also includes other quite large lakes like lake
Novate Mezzola, Annone east and Annone west. The catchment
also includes a few kilometres of Swiss territory.
The area is mostly mountain: woodland and semi-natural environments cover most of the Lombardy area (84%). Agricultural areas
are located in the main valleys (8%), as well as urban areas (3.5%).
Water bodies account for about 4.5% of the territory. There is also
a humid area of some relevance, Pian di Spagna and the Novate
Mezzola lake, located immediately upstream of the northern area of
the lake.
Picture 2
Land use in the catchment basin

ARTIFICIAL SURFACES
LAND USE

Artificial areas amount overall to slightly over 3% of the whole catchment basin of the lake. They are located mainly within the two main
valleys and along the rivers of the lake. They are mostly residential
urban areas (88%), industrial, commercial areas and infrastructure
(6%) and mining areas, waste disposal and building construction
sites (4%). The remaining part is scarcely represented (2%).

4%

2%

Picture 3
Subdivision of sub
classes for the
class “Artiﬁcial
surfaces” of the
CLC

6%

88%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas
ARTIFICIAL COASTS

The total perimeter of Lake Como is of about 170 km, artificial coasts (marked in red in the image) amount to about 45%. They include both residential buildings in low density urban agglomerations,
towns, tourist facilities like wharfs and marinas.
There are also partially modified areas, where the farmland runs
along the shore line, and they amount to 24%.

Picture 4
Artiﬁcial shorelines
of Lake Como
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POPULATION DENSITY

The population living in the lake basin, on the regional territory,
amounts to about 437,000 inhabitants, plus the inhabitants on the
Swiss territory. There are five towns with over 10,000 inhabitants:
the most numerous are Como (around 70,000) and Lecco (about
21,000), both overlooking the lake, and Sondrio (about 22,000),
located in the middle of Valtellina.
The population density is of about 114 inhabitants/km², compared
to the density of Lombardy, of 374 inhabitants/km², and population
is concentrated along the shoreline.
The tourist population is of about 64,000 people: the most crowded
periods are summer and winter (especially in the mountain areas).
The average tourist density is of about 16 inhabitants/km².
The ratio of tourist to local population is of about 1 to 6.
The total population density (see fig.5), both residents and floating,
is of 124 inhabitants/km².

Population density

inhabitants

Resident population
Tourist population
Total population
Tourists/resident population ratio: 0,15

437,073
63,999
501,072

density
inhabitants/km2
114
16
124

Picture 5
Total population density
(at municipality level)

POTENTIAL LOADS DERIVING FROM THE CIVIL
SECTOR

The total population in the basin of Lake Como is of about 501,000
inhabitants, 437,000 of which residents and 64,000 floating.
There are five municipalities with more than 10,000 inhabitants
(Como, Sondrio, Lecco, Morbegno, Valmadrera and Mandello del
Lario).
As for COD production, the yearly potential load is of about 23,500
t/year and the BOD load is of about 11,000 t/year. As for nitrogen
and phosphorus nutrients, calculated potential loads are of 2,250
and 331 t/years respectively.

Potential Loads
Population
Resident Pop.
Tourist Pop.
Total

P.E.
437.073
63.999
501.072

COD
(t/y)
20.586
3.014
23.600

BOD
(t/y)
9.572
1.402
10.974

N
(t/y)
1.962
287
2.249

P
(t/y)
288
42,2
330,2

Picture 6
Total Population (in
Population Equivalents)
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INDUSTRY
INDUSTRIAL SECTORS

The lake basin hosts about 4,700 industrial units that employ around
42,200 people.
Most units are located in Como and in the province of Lecco (Civate,
Lecco, Modello del Lario, Valmadrera), where the number is over
1,000. The industrial sector is concentrated on the lower shores
of the lake and in the low Valtellina valley area. The main sectors
concern metal and metal items manufacturing as well as textile and
food industry.
The employees in such sectors are about 44,200. Few information is
presently available as to the final receiver of the waste from industrial
activities: about 130 industrial units discharge wastewater directly
into surface water, and about ten of those do it directly in the lake.

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC code
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
98
586
883
24
554
319
6
52
100
219
1.563
340
103
4.847

Number of employees
445
4.704
10.380
173
1.730
2.313
22
1.474
746
1.403
14.211
4.910
1.692
44.203

Number of industrial units and employees
(by industrial sector)
INDUSTRIAL SITES AT RISK

The indicator presently reports information concerning industrial sites
where the presence of dangerous elements is particularly high.
In the basin sector included in a band of 5km around the lake there
are 7 industrial sites identified according to Seveso Directives.

An investigation was carried out on 5 km area around the lake.
Municipality
Cesana Brianza
Civate
Como
Grandate
Lecco
Lecco
Valmadrera

Type of industrial activity
GPL Storage
Galvanic industry
Pharmaceutical Industry
Galvanic industry
Explosives
Chemicals Storage
GPL Storage

CONTAMINATED SITES

In the whole basin, 58 contaminated sites were registered, in 42 different municipalities. None of them is included into the list of nationally
or regionally relevant sites, most of them are very local and small.

POTENTIAL INDUSTRIAL LOADS

The industrial population in terms of population equivalents is mostly
located at the ends of the two arms of the lake, but also in some
small areas in Valtellina and Val Chiavenna valleys. There are 18
municipalities with a potential load over 10,000 P.E., including Como
with over 150,000 P.E., Valdisotto (31,700 P.E.), Gordona (30,600
P.E.), Sondrio (29,300 P.E.) and Lecco (27,000 P.E.).
The overall industrial impact may be estimated at 793’500 P.E.
As for potential nitrogen and phosphorous loads, they have been
estimated at 442 t/y for nitrogen and 33.1 t/y for phosphorous (considering the industrial load as 10% of civil load).

Potential loads
Industrial sector

P.E.
793’547

N (t/y)
442

P (t/y)
33,1

Picture 7
Potential industrial loads
expressed in P.E.
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COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTE WATER COLLECTING SYSTEM

No detailed information on sewage networks of the basin are presently available.
In the basin there are 364 spillways but no detailed information is
available as to the quantity of water discharged in case of rainfall.
The industrial population connected to the sewage system is considered to be 10% of the equivalent resident population.

Urban wastewater collection
Combined sewage system:
- Km of sewage pipes:
Separated sewage system:
- Km of sewage pipes
95% of the population is connected to the sewage network.
Final receiver:
- 72 WWTP: 643.343 P.E. treated
- waterways: 33.600 inhabitants (10,900 of which dishcarge in the
lake directly).
Spillways:
- 364 spillways located in the lake basin
Industrial component:
- industrial load is considered to be 10% of civil load.

URBAN WASTEWATER TREATMENT SYSTEM

There are 72 Wastewater Treatment Plants (WWTP) in the basin.
They treat both domestic and industrial wastewater amounting to
about 643.000 P.E.; no detailed information is available as to the
various amounts for the two types of wastewater.
Most of the plants make a secondary treatment of wastewater, only
7 have lines for tertiary treatment. Three plants (with over 40,000
P.E. as a whole) discharge directly in the lake, the others discharge
in the water network of the catchment basin of the lake or in the
soil (just a few Imhoff tanks). Using some coefficients to calculate
the removal efficiency (the data available on inlets and outlets to the
plant is not enough to evaluate it), the results indicate 78% and 88%
for COD and BOD respectively and 45% and 47% for nitrogen and
phosphorous: in the near future the removal efficiency of nutrients is
expected to increase to a value of 75%, as established in the Regional Programme for Water Protection and Use.

Picture 8
Location of wastewater treatment
plants and main wastewater
collection systems

Final receiver:
- Lake Como: 25 plants (69,865 total P.E.)
- other water bodies: 47 plants (573,478 P.E.)
Information at basin scale - Type of treatment:
Type
Number of plants
primary T.
3
secondary T
25
tertiary T.
44
Total
72

P.E.
3.100
103.077
537.166
643.343

Removal efficiency ( assessed by coefficients):
Parameter
Removal efficiency
BOD
93%
COD
83%
Nitrogen
70%
Phosphorous
71%

AGRICULTURE AND ANIMAL FARMING
TYPE OF CROPS

Agricultural areas are more common along the valleys of the two
main water courses. Stable grassland are the most widespread
crops in the basin, covering over 36%, follwed by mixed agriultural
areas (32%).
There is also 26% of arable land and 5% permanent crops.

32%

26%

5%

37%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 9 – Subclass percentage in the CLC farming area
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SUSTAINABLE FARMING AREAS

Lake Como basin is not very much exploited from the farming point
of view. Less than 10% of the area is cultivated and about 35% of
the cropped surface is managed according to agro-environmental
criteria.

Picture 10
Percentage of UAA with
agro-environmental measures

ANIMAL FARMING

Animal farming in general is not very common in the lake basin. Picture 12 shows animal density in livestock units. As to nitrogen, no
municipality exceeds the 170 kg/ha* per year threshold: those with
the highest load are Traona, Piantedo and Gordona and in the three
cases values are lower than 100 kg/ha*year.
In terms of livestock unit, most animal farms rear bovines, followed
by sheep and goat and poultry.

Type
Number of heads
Bovines
33.922
Horses
1.731
Swine
4.007
Sheep and goat
38.628
Poultry and rabbits
821.473
Number of heads and livestock units

Livestock units
33.922
1.731
801
5.150
3.286

picture 11
Animal density in livestock unit
(municipality level)

POTENTIAL LOADS OF AGRICULTURE

The potential load coming from agriculture and due to fertilizers was
calculated using some general coefficients (specific contributions).
The specific contribution was calculated for each of the 4 classes of
the CLC method previously identified.
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Potential loads
Crop
Arable land
Permanent crops
Pasture
Horticulture
Total

Km²
85.72
17.87
122.16
106.97
332,72

N (t/y)
1,714
179
489
1,284
3,665

P (t/y)
343
54
366
588
1,351

LakeLake
Como
Como
POTENTIAL LOADS OF ANIMAL FARMING

Nine municipalities of the lake basin have load values over 10,000
P.E. linked to animal farming and two (Gordona and Samolaco) have
values over 30,000 P.E. The total load coming from animal farming
is of 477,000 P.E., a value slightly lower than that of the total population.

Type of farming
Bovines
Horses
Swine
Poultry and rabbits
Sheep and goat
Total

COD
(t/y)
14,586
744
775
1,807
4,570
22,483

BOD
(t/y)
6,784
346
361
821
2,125
10,437

N
(t/y)
2,035
100
60.1
411
270
2,876.1

P
(t/y)
305
15.6
18.0
164
108
611.6

P.E.
309,790
15,808
16,467
37,510
97,011
476,586

Picture 12
Number of animals
(in Population Equivalents)

NATURAL AND SEMI-NATURAL AREAS
USE OF LAND

Most of the natural areas are covered by woodlands (50%) and the
other two classes (shrubs and/or grassland and open areas with rare
or absent vegetation) occupy 19 and 31% of the area respectively
and are mainly to be found in the higher zones of the basin, in Valtellina and Valchiavenna valleys.

31%

50%
19%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 13
Percentage of CLC subclasses for woodland and semi-natural
environments.
PROTECTED NATURAL AREAS

37% of the whole territory is occupied by protected areas. There are
six parks (one is a national park, the others are regional parks), 47
SCI (Sites of Community Importance) and 20 SPA (Special Protection Areas).
These areas cover a surface of 2,446 km², but many overlap and the
actual area is of 1,487 km².
There is also a site with a humid area, protected by the Ramsar Convention (Pian di Spagna and Lake of Novate Mezzola). This is also
the only protected area near to the shoreline (where Adda river flows
in), and it covers about 2.5 km of coasts.

Type
Parks
SCI
SPA
International convention

Number
6
472
20
1
Extension of natural protected areas

Extension (km²)
917
931
582
16

Picture 14
Protected natural areas.
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WATER SECTOR
WATER USE AND BALANCE

In the whole basin the abstraction of water for public use amounts to
258.62 Mm³/y, corresponding to a pro capita water consumption of
about 1,400 l/inhabitant. (It should be clarified that calculations were
made based on water quantities allowed, generally overestimated by
double as to the real quantities used).
About 12,802.25 Mm³/year are abstracted from the basin every
year: 95% for industrial use (mostly energy production), while other
uses have variable percentages ranging between 1 and 2%.

Water abstraction for human consumption
Quantity of water extracted (basin level): 79.57 Mm³/y
Quantity of water pro capita: 1,047 l/inhabitant.
Other uses
Quantity of water abstracted (basin level):
Use
Irrigation
Industrial use
Energy production
Potable use
Other uses
Total

Volume (Mm³/y)
185.84
71.45
12,170.08
178.50
196.38
12,802.25

2%
1%

1%
1%

95%
Irrigation
Energy production
Other uses

Industrial use
Public supply

Picture 15
Percentage of water abducted
according to uses (at basin level)

POTENTIAL AND RESIDUAL LOADS
Potential loads

Balance of nutrients and other pollutants

27%

28%

45%

Household emissions
Zootechnical emissions

Sector
P.E.
Civil and Household 501,072
Industrial
793,547
Animal farming
476,586

130

Industrial emissions

Picture 16
Potential loads from various sectors

Source

COD
t/y
Civil sector
23,600
Industrial sector
n.c.
Agricultural sector
Animal farming sector 22,483
Total
46,083

BOD
t/y
10,973
n.c.
10,437
21,410

Azoto
t/y
2,249
442
3,665
2,876
9,232

Fosforo
t/y
330
33
1,351
612
2,326

LakeLake
Como
Como
Phosphorous Balance
Point sources

private
discharges

? t P/y
WWTP

Industrial activities
33 t P/y
Public
collection
system
Household sector
330 t P/y

Diffuse sources

Spillways

124 t P/y
13,2 t P/y
22,2 t P/y

Out of basin deflection*

private
discharges

? t P/y

Natural load

62,7 t P/y

Agriculture and animal
farming 1.963 t P/y

46,9 t P/y

Other basins
Mezzola 5,8 tP
Annone 0,5 tP

6,2 t P/y

* some treatment plants bringsout of the basin a part of the loads.

275,2 t P/y

Residual phosphorous loads
Application of theoretical coefficients
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of 275 t/y (such data may be
compared to that modelled by PTUA (2006), indicating a load of about 230 t P/y.
Monitoring data
Monthly monitoring data exist for some of the lake tributaries. An average of the input over the last 5 years was assessed as amounting to
about 220 t P/y
Application of OECD models
Using the equation indicated for deep lakes and actual (and not theoretical) water residence time (11.6 y), the external phosphorus load on
the lake was estimated at 308 t/y.

Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water

Biological quality of water

Source
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 2
Corine Land Cover (2000)
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)
ARPA Lombardia - Settore Attività Industriali, Controlli e Coord. Laboratori - U.O. Rischi Industriali
Regione Lombardia, 2006
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 6
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Regione Lombardia – Sistema Informativo Beni Ambientali
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 5
Regione Lombardia – Catasto Utenze Idriche, 2007
Regione Lombardia – DG Sanità, 2006
ARPA Lombardia, 2005
Trends:
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
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Lake
LakeIseo
Iseo
Lago d’Iseo - © Copyright, Alberto Maffiotti

Lake Iseo (or Sebino) is one of the largest Alpine lakes, surrounded
by wonderful mountains and located at the end of Valcamonica valley,
between the provinces of Bergamo and Brescia. Fed by the river Oglio,
which is also its emissary, Lake Iseo ranks fifth among Lombard lakes
in extension and depth. At the centre of its waters raises the largest
Italian lake island, Montisola, over 600 m above sea level. Its lush vegetation, the presence of olive trees, vineyards and fruit trees tells of
its mild climate. Near to Montisola there are two smaller islands: Loreto
island, in the north, and San Paolo island in the south.
The lake has a fluvioglacial origin: during the Messinian period (6-5
million years ago), when the level of the Mediterranean sea was lower,
rivers rapidly and deeply eroded the territory. Then the glaciations of
the Quaternary period modelled the basin where the lake is located in
its present shape.
The lake has a mild climate, as the other large lakes of Lombardy, and
it is famous for the variety of its landscapes, surrounding the shores,
and for the cultural and artistic heritage of its villages. Sarnico, Lovere,
Iseo and Pisogne, the main towns along the lake, have very charming
town centres and are linked by a system of public navigation allowing
to move quickly from one to the other.
Geographical position

Italy
Lombardy
Brescia, Bergamo
82 Municipalities
φ=45°44’27’’ λ=10°04’18’’
Lake catchment

State
Region
Province
Municipalities
Geographical coordinates
of the lake centre

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Emissary

1801
3554
1433
F. Oglio
F. Oglio

km²
m a.s.l.
m
m3/s
m3/s

57,1

Temperature and rainfall

Surface
Catchment area/lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

61
29,3
63
186
251
125
7600
4,2

km²
km
km
m a.s.l.
m
m
M m3
years

Temperature and rainfall

25

140
20
120
100

15

80
10

60
40

5
20
0

0
Jan

Feb

March Avril

May

June

1-Rainfall (1991-2001)
1-Temperature (1991-2001)

132

July

Aug

Sept

Oct

Nov

Dec

2-Rainfall (1980-2002)
2-Temperature (1994-2002)

Mean Temperature (°C)

Mean rainfall (mm/month)

160

Station
Manager
Municipality
Altitude (m a.s.l.)
Period of measure
Mean temperature
Period of measure
Mean rainfall

Paratico (1)
ERSAL
Paratico (BS)
235 m a.s.l.
1991-2001
12,7 °C
1991-2001
1091 mm

Bessimo (2)
Consorzio Oglio
Darfo Boario Terme (BS)
215 m a.s.l.
1994-2002
2,4 °C
1980-2002
1103 mm

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 08/03/05
Station : Monte Isola
326
7.6
1.6
-------------

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

µS/cm
meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

Year 04-05

251 m
163
81
1.83
0.65
< 0,03

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

MEI Index-Theoretical natural level
8.5 µg P/l
of Tot. Phosphorus :
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150
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60
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0
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4
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6
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8
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0
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2
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4
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6
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8
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0
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2
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4
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6
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8
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0
200
2
200
4

Trophic state classification
Meso-eutrophic

Total Phosphorus winter concentration (µg/l)

Source: Osservatorio dei Laghi Lombardi - 2004
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Chlorophyll a in the euphotic layer
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Annual average transparency
Minimal transparency
Maximal transparency

Source: ARPA Lombardia

Lago d’Iseo - © Copyright, Alberto Maffiotti

This lake is currently facing an eutrophic condition due to persisting
high pollutant loads from the catchment basin as well as to special
weather and climate events that led to a complete mixing of the
lake waters in the last few years (winter 2005). As a matter of fact,
over the last 40 years, another complete water homogenisation
had only occurred in 1981 and the water volume involved in the
circulation had always been lower than 50% of the total.
As a result of these events, during the period of maximum water
circulation, phosphorus concentration levels have changed from
20-30 µg/l in the mixolimnion and approx. 120 µg/l in the deeper
layer to higher levels in surface water, recording an average phosphorus concentration of about 60 µg/l and peaks of over 150 µg/
l. Average yearly concentrations have varied from approx. 40 µg/l
to over 50 µg/l, as indicated in the chart. The natural state of this
lake is oligotrophic. As to oxygen levels, saturation percent in the
deeper layers currently ranges from a minimum of 2-3% to a maximum of 30%, vis-à-vis 70-80% as recorded in the 70s. Chlorophyll
levels are in line with the high trophic conditions of lake water.
The Regional planning regulation aims at reaching a target level of
phosphorus concentration in the mixolimnion of approx. 16 µg/l
by 2016. Over the next few years, it will be assessed whether this
objective shall include the whole water column, following the recent
changes in the way lake water circulates.
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Data available concern hydrophytes, present to the maximum depth of 8 m. The dominating species is Vallisneria spiralis, but there is also
abundance of the exotic species Lagarosiphon major. There is also a good distribution of the species Ceratophyllum and Myriophyllum spicatum,
while algae of genus Chara abound in some locations only.
Species

Biomass (g m-2)
Station

Stations
(n)

Samples
(n)

Max depth
(m)

mean

min

Vallisnerias spiralis

17

93

6,9

2300

61

17

94

6,9

151

3,2

Pisogne

697

Clusane Girasole

Lagarosiphon major

11

32

6,1

1012

26

Clusane Girasole

3971

Predore S. Rocco

11

34

6,1

99

3,2

Clusane Girasole

417

Predore S. Rocco

5

8

7,1

476

4,8

Montisola Distributore

1674

Montisola Silenzio

5

8

7,1

81

1,0

Montisola Distributore

315

Montisola Silenzio

5

5

1,0

440

74

Marone

906

Pisogne

5

5

1,0

44

7,2

Marone

68

Pisogne

13

26

7,9

194

8,8

Paratico

1566

Montisola Fuso

13

25

7,9

17

0,4

Paratico

145

montisola Fuso

10

25

5,9

165

8,8

Pilzone Vertine

766

Marone

11

25

5,9

21

1,2

Paratico

112

Marone

Potamogeton sp.

5

6

3,2

118

13

Montisola Paradiso

452

Pilzone Vertine

5

6

3,2

13

0,8

Montisola paradiso

39

Pilzone Vertine

Elodea densa

2

5

6,1

99

8,4

Montisola Fuso

372

Montisola Fuso

2

5

6,1

11

1,2

Montisola Fuso

40

Montisola Fuso

Nitella sp.

1

1

6,9

13

-

Montisola Silenzio

-

Montisola Silenzio

1

1

6,9

1,4

-

Montisola Silenzio

-

Montisola Silenzio

Ranunculus ﬂuitans

1

1

2,5

11

–

Paratico

-

Paratico

Chara sp.
Ranunculus trychophyllus
Ceratophyllum sp.
Myriophyllum Spicatum

Biomass (g

m-2)

Iseo Sassabanek

Max
11452

Station
Clusane Girasole

of hydrophytes (census June-October 1995-1996)

BENTHIC INVERTEBRATE FAUNA

Data concerning the benthos are limited. An important aspect is the spreading of exotic species, as the decapod crustacean (coming
from America) Orconectes limosus. Since 1996 the presence of Dreissena polymorpha has also been confirmed.
Deep benthos
Surveys concerning the deep benthos are outdated (November 1967).
Station

Depth
(m)

Class

Oglio Nord

46-62

OLIGOCHAETA

TUBIFICIDAE

32966

2

BIVALVIA

SPHAERIIDAE

Pisidium sp.

3917

3

BRANCHIOPODA

MACROTRICIDAE

Ilyocryptus sordidus

468

1

ARACHNIDA

LEBERTIIDAE

Lebertia insignis

9

1

INSECTA

CHIRONOMIDAE

9

1

OLIGOCHAETA

TUBIFICIDAE

83297

2

BIVALVIA

SPHAERIIDAE

Pisidium sp.

9109

3

BRANCHIOPODA

MACROTRICIDAE

Ilyocryptus sordidus

1897

1

TURBELLARIA

PLANARIIDAE

58

1

19

1

Asse Lago

Asse Lago

Asse Lago

Parzanica

88-91

148-154

190-202

246-248

Family

COPEPODA

CYCLOPIDAE

OLIGOCHAETA

TUBIFICIDAE

BIVALVIA

SPHAERIIDAE

BRANCHIOPODA

MACROTRICIDAE

TURBELLARIA

PLANARIIDAE

MALACOSTRACA

ASELLIDAE

OLIGOCHAETA

TUBIFICIDAE

BIVALVIA

SPHAERIIDAE

OLIGOCHAETA

LUMBRICULIDAE

Taxon

Megacyclops viridis

Samplings
(n)

19153

2

Pisidium sp.

2837

3

Ilyocryptus sordidus

29

1

9

1

9

1

54828

2

Asellus aquaticus
Pisidium sp.

737

3

90

1
1

TURBELLARIA

PLANARIIDAE

9

OLIGOCHAETA

TUBIFICIDAE

6394

2

BIVALVIA

SPHAERIIDAE

Pisidium sp.

792

3

GAMMARIDAE

Gammarus pungens

9

1

MALACOSTRACA

Density (individuals m-2) of the deep benthos (November 1967)
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Density
(ind m-2)

Lake
LakeIseo
Iseo
BATHING

In 2006, 28 different sites were monitored to assess their compliance with the legal thresholds defined by the national legislation
Bathing is allowed in 23 cases (82%), while it has been forbidden in
5 sites, mainly due to microbiological pollution. Based on monitoring
data over the last 10 years, the number of monitored sites is quite
unchanged (but in the last year), while the number of sites where
bathing is allowed increased. From 2001 to date the situation is stable, with a slight worsening of the situation after 2003, maybe also
due to the complete mixing of the waters during the winter of 2005,
making the deep waters rich in nutrients reach the surface.

Quality of bathing waters (2006)
Total number of monitored sites: 28
Number of sites where bathing is allowed: 23
Number of sites where bathing is forbidden: 5
Water Quality
Trend (1997-2006)

MAIN USES
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Picture 1 - Bathing water quality trend
WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

As to water abstracted for human consumption, there are two abstraction
sites on Lake Iseo. One, in Montisola, for public use and the other, in Riva
di Solto, for private use: the total quantity abstracted amounts to 0,57
Mm3/y.
Monte Isola abstraction site is classified as A1 (best class) according to the
European Directive 75/440/CEE.
In the basin as a whole, water abstraction for public use amounts to 79,57
Mm3, corresponding to a pro capita use of water of about 1,000 l/ab.
There are also 6 more abstraction sites: five are for industrial and other use.
The total quantity abstracted from the lake is 27 Mm3/y: as the largest tributary of the lake (river Oglio) brings in about 1800 Mm3/y, the direct water
abstraction level has no impact on any component of the ecosystem.

Abstraction points on the lake:
Location

Classification
(Dir. 75/440/CEE)
A1

Monte Isola
Riva di Solto

Volume
(Mm³/y)
0,38
0,19

Other uses - Abstraction points on the lake:
Municipality
Lovere
Castro
Tavernola Bergamasca
Castro
Castro
Sulzano
Totale

Volume
(Mm³/y)
4.42
18.61
1.89
0.38
0.54
0.63
26.47

type of use
allowed
industrial
industrial
industrial
industrial
Industrial
Other (hygiene and health)

FISH FAUNA AND FISHING

Between 1896 and 2001, 25 fish species
were reported: 4 are endemic in the Po
valley and Veneto area, 10 are local and
10 exotic. Exotic species include the wels
catfish (Silurus glanis); nothing can be said
on the origin of the lake trout. The image shows how the population has varied
considerably over one century: at present
over 40% of species has an allochthonous origin.

autoctone

alloctone

Frequenza

100%
80%
60%
40%
20%
0%

1896

1986
Periodo

1995-2001

Frequenza delle specie autoctone e alloctone.

Common name
Agone
Alborella
Anguilla
Lottatrice
Carassio
Carpa
Cavedano
Cheppia
Gambusia
Coregone lavarello
Luccio
Persico reale
Persico sole
Persico trota
Pesce gatto
Pigo
Salmerino alpino
Sanguinerola
Scardola
Scazzone
Tinca
Trotto
Trota fario
Trota iridea
Trota lacustre
Vairone

Scientific name
Alosa fallax
Alburnus al burnus alborella
Anguilla anguilla
Lota lota
Carassius sp.
Cyprinus carpio
Leuciscus cephalus
Alosa fallax
Gambusia holbrooki
Coregonus lavaretus
Esox lucius
Perca ﬂuviatilis
Lepomis gibbosus
Micropterus salmoides
Ameiurus melas
Rutilus pigus
Salvelinus alpinus
Phoxinus phoxinus
Scardinius erythrophthalmus
Cottus gobio
Tinca tinca
Rutilus erythrophthalmus
Salmo (trutta) trutta
Oncorhynchus mykiss
Salmo trutta sp
Leuciscus soufﬁa muticellus

Origin in Lombardy
Local
Endemic
Local
Local
Exotic
Exotic
Local
Local
Exotic
Exotic
Local
Local
Exotic
Exotic
Exotic
Endemic
Local
Local
Local
Local
Local
Endemic
Exotic
Exotic
?
Endemic

1896
•
•
•

•

•
•

•
•

•

1986
•
•
•
•
•
•
•

•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

1995
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

2001
•
•
•
•

•

•

•
•
•
•
•
•

•
•

•

•
•
•

•

•

List of fish species
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CATCHMENT AREA

LAND MANAGEMENT
Picture 2
Land use in the catchment
basin

Lake Iseo is located in the north eastern part of Region Lombardy, at
the southern border of Valcamonica valley.
Therefore the territory of the catchment basin is mostly located in
the mountains, with an average altitude of 1,433 m on s.l.: wooded
areas and semi-natural environments cover most of the area (84%);
cropped surfaces are located in the main valleys (9%), where also
artificial areas are, including the urban fabric (3%) Water bodies cover about 3.5% of the territory. In the southern part of the lake, Torbiere d’Iseo peat-bogs are the only humid area in the basin.

ARTIFICIAL SURFACES
Picture 3

LAND USE

2%

Artificial areas amount to 3% of the whole territory of the catchment
basin of the lake. These areas are mainly located in the main valleys
and along the shores of the lake. These surfaces are dominated by
residential areas (85%), followed by industrial, commercial areas and
infrastructure (12.5%). The other subclasses (mining areas, construction yards, waste disposal areas, abandoned plots and artificial
non cropped green areas) are scarcely represented.

13%

Subdivision of sub
classes for the class
“Artiﬁcial surfaces”
of the CLC

0%

85%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL SHORELINE

The total perimeter of Lake Iseo is of about 81 km, and artificial areas
(marked in red in the picture) amount to 32% of the total. They include both residential buildings in low density urban agglomerations,
towns, tourist facilities like wharfs and marinas.
There are also partially modified areas, where the farmland runs
along the shore line, and they amount to 27%.

Picture 4
Artiﬁcial shoreline
of Lake Iseo

POPULATION DENSITY

The population living in Lake Iseo basin amounts to about 181,000
inhabitants, mostly dwelling in the southern part of Valcamonica valley and around the lake.
The density is of 100 inhabitants/km², a much lower value than the
average Lombardy density, of 374 inhab./km².
The tourist population is assessed at 27,350 people: the most
crowded periods are summer and winter. The average tourist density is of about 15 inhab./km².
The ratio of tourist to local population is of about 1 to 6.
The total population density, both residents and floating, is of 116
inhab./km².
Population density
Resident population
Tourist population
Total population
Tourists/resident population ratio: 0,15
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Inhabitants
180.849
27.346
208.195

Density
inhab./km²
100
15
116

Picture 5
Total population
density (at municipality level)

Lake
LakeIseo
Iseo
POTENTIAL LOADS FROM DOMESTIC SECTOR

Picture 6
Total Population (in
Population Equivalents)

The total population present in Lake Iseo basin is of about 206,200
inhabitants, 208,200 resident and 27,350 floating.
Only two municipalities have more than 10,000 P.E. (Darfo Boario
Terme and Iseo, overlooking the lake).
Most of the population lives in the central and southern part of Valcamonica valley and along the southern shore of the lake. As for COD
production, the potential yearly load is of about 10,000 t/y and BOD
is of about 4,600 t/y. As for nitrogen and phosphorous nutrients,
calculated potential loads are of 950 t/y and 140 t/y respectively.
Potential loads
Population
Resident Pop.
Tourist Pop.
Total

P.E.
180.849
27.346
208.195

COD
(t/y)
8.518
1.288
9.806

BOD
(t/y)
3.961
599
4.559

N
(t/Y)
812
123
935

P
(t/Y)
119
18
137

INDUSTRY
INDUSTRIAL SECTORS

The lake basin hosts about 2,000 industrial units, employing 20,500
people.
Most of the sector is located in the areas around the lake and in the
low part of Valcamonica valley. The main sectors are textile industry
and metal production and manufacturing, with over 500 industrial
units and 6,500 and 7,700 employees respectively.
Few information is presently available as to the final receiver of the
waste from industrial activities: about 70 industrial units discharge
wastewater directly into surface water after treatment, and about half
of those do it directly in the lake.

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC code
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
27
219
527
16
325
46
2
14
103
79
549
121
30
2.058

Number of employees
138
966
6.569
141
975
278
12
216
1.019
1.034
7.761
1.153
313
20.575

Number of industrial units and employees
(by industrial sector)
INDUSTRIAL SITES AT RISK

The indicator presently reports information concerning industrial sites
where the presence of dangerous elements is particularly high.
In the basin sector included in a band of 5km around the lake there
are 4 industrial sites identified according to Seveso Directives, three
of which might cause damage to the water sector in case of accident.

An investigation was carried out on 5 km area around the lake.
Municipality
Costa Volpino
Sovere
Costa Volpino
Pian Camuno

Type of industrial activity
Galvanic industry
Pharmaceutical industry
Hydrocarbons storage
GPL storage

CONTAMINATED SITES

In the whole basin, 41 contaminated sites were registered, in 25 different municipalities. None of them is included into the list of nationally
or regionally relevant sites, most of them are very local and small.
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Picture 7

POTENTIAL LOADS FROM INDUSTRY

Potential industrial loads
expressed in P.E.

The industrial population is mostly located along the shoreline and in
Valcamonica valley, especially in its southern area. There are 4 municipalities (Darfo BoarioTerme, Corte Franca, Sarnico and Cividate
Camuno) with a potential load higher than 10,000 P.E.
The overall industrial impact may be estimated at 218,855 P.E.
As for potential nitrogen and phosphorous loads, they have been
estimated at 205.7 t/y for nitrogen and 13.7 t/y for phosphorous
(considering the industrial load as 10% of civil load).

Potential loads
Industrial sector

P.E.
218,855

N (t/y)
205,7

P (t/y)
13,7

COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTEWATER COLLECTING SYSTEM

There are around 840 km of combined sewage networks and 70
km of separated sewage networks: most of them are in the urban
areas near to the lake. In the whole basin there are 275 spillways,
spillways but no detailed information is available as to the quantity of
water discharged in case of rainfall.
About 90% of the basin population is connected to the sewage system. The industrial population connected to the sewage system in
terms of P.E. is 10% of the equivalent resident population.

Urban wastewater collecting
combined sewage:
- Km of sewage : 841 km
separated sewage:
- Km of sewage: 70 km (47 km for sewage water, 23 km for
storm sewer)
Final receiver:
- WWTP: 148.459 treated P.E.
- Waterways: 52,345 inhabitants (12,350 of which discharge
directly in the lake).
Spillways:
- 275 spillways in the lake basin
Industrial component:
- industrial load is considered to be 10% of civil load.

URBAN WASTEWATER TREATMENT SYSTEM

Picture 8

There are 35 Wastewater Treatment Plants (WWTP) in the basin.
They treat both domestic and industrial wastewater amounting to
about 150,000 P.E.; no detailed information is available as to the
various amounts for the two types of wastewater.
Moreover, there are 8 Imhoff tanks, that treat about 1,100 P.E.
Most of the plants make a secondary treatment of wastewater, only
7 have lines for tertiary treatment. Three plants (with over 40,000 P.E.
as a whole) discharge directly in the lake, the others discharge in the
water network of the catchment basin of the lake or in the soil (just a
few Imhoff tanks). Using some coefficients to calculate the removal
efficiency (the data available on inlets and outlets to the plant is not
enough to evaluate it), the result indicates a removal efficiency of
78% and 88% for COD and BOD respectively and 45% and 47% for
nitrogen and phosphorous: in the near future the removal efficiency
of nutrients is expected to increase to a value of 75%, as established
in the Regional Programme for Water Protection and Use.

Information at basin scale
Type of treatment:
Type
primary T.
secondary T.
tertiary T.
Total
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Number of plants
4
24
7
35

Location of
wastewater
treatment
plants and main
wastewater
collection systems

Final receiver:
- Lake Iseo: 3 plants (42,900 total P.E.)
- other water bodies: 32 plants (106,347 P.E.)

Removal efﬁciency ( assessed by coefﬁcients):
P.E.
3714
84233
61300
149.247

Parameter
BOD
COD
Nitrogen
Phosphorous

Removal efficiency
88%
78%
45%
47%

Lake
LakeIseo
Iseo
AGRICULTURE AND ANIMAL FARMING
TYPES OF CROPS

25%
39%

Agricultural surfaces cover about 9% of the basin territory. Mixed
agricultural areas are the most widespread and account for 40% of
agricultural surfaces, followed by 35% of grassland and 24.5% of
arable land. Permanent crops extend over less than 1% of the agricultural land and are mostly vineyards and olive orchards.

1%

35%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 9
Subclass percentage in the CLC farming area
SUSTAINABLE FARMING AREAS

Lake Iseo basin is not very much exploited from the farming point
of view. About 10% of the area is cultivated and around 30% of
the cropped surface is managed according to agro-environmental
criteria.
Such areas are mainly located at the centre of the catchment basin,
where the agricultural area is wider.

Picture 10
Percentage of UAA with
agro-environmental measures

ANIMAL FARMING

Animal farming in general is not very common in Lake Iseo basin. The
picture shows animal density in livestock units per hectare.
As to nitrogen, no municipality exceeds the 170 kg/ha per year threshold: those with the highest load are Paratico, Giano and Adro and
in the three cases values are lower than 100 kg/ha*year.
In terms of livestock unit, most animal farms rear bovines, followed
by sheep and goat and poultry and rabbits.

Type
Number of heads
Bovines
20.450
Horses
1.117
Swine
5.565
Sheep and goat
20.510
Poultry and rabbits
269.657
Number of animals and livestock units

Picture 11
Animal density in
livestock unit
(municipality level)

Livestock units
20.450
1.117
557
855
24

POTENTIAL LOADS OF AGRICULTURE

The potential load coming from agriculture and due to fertilizers was
calculated using some general coefficients (specific contributions).
The specific contribution was calculated for each of the 4 classes of
the CLC method previously identified.

Potential loads
Crop
Arable land
Permanent crops
Pasture
Varied agricultural areas
Total

Km²
40.64
0.97
56.93
67.85

N (t/y)
813
9.7
228
814
1864.7

P (t/y)
163
2.9
171
373
709.9
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POTENTIAL LOADS OF ANIMAL FARMING

Only four municipalities in Lake Iseo basin have load values over
10,000 P.E. linked to animal farming (Esine, Artogne, Gianico and
Malonno). The total load coming from animal farming is of about
280,000 P.E., a value that is higher than that of the total population.

Type of farming
Bovines
Horses
Swine
Poultry and rabbits
Sheep and goat
Total

COD
(t/y)
8794
480
1077
593
2426
13.370

BOD
(t/y)
4090
223
501
270
1128
6.212

N
(t/y)
1227
65
83
135
144
1.654

P
(t/y)
184
10
25
54
57
331

Picture 12
Number of animals
(in Population Equivalents)

P.E.
186758
10201
22870
12313
51509
283.651

NATURAL AND SEMI-NATURAL AREAS
LAND USE

22%

Natural and semi-natural areas are widely represented within the lake
basin. Most of these areas are covered by woodlands (57%), with
conifers and to a lesser extent broad-leaves. The other two classes
(open areas with rare or absent vegetation and shrubs and/or grassland) occupy 21 and 22% of the area respectively and are mainly to
be found in the higher zones of the basin, around Valcamonica valley
and its secondary valleys.

21%

57%

Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 13
Percentage of CLC subclasses for woodland and semi-natural
environments.
PROTECTED NATURAL AREAS

44% of the whole territory is occupied by protected areas. There
are 5 parks (one is a national park, the others are regional parks),
22 Sites of Community Importance (SCI) and 12 Special Protection
Areas (SPA).
These areas cover a surface of 1,340 km², but many overlap and the
actual area is of 796 km².
There is also a site with a humid area, protected by the Ramsar
Convention, Torbiere d’Iseo (Iseo Peat-bog). This is also the only protected area near to the shoreline (in the southern part), and it covers
about 2.8 km of coasts.
Type
Parks
SCI
SPA
International Conv.

Number
5
22
12
1

Extension (km²)
616
348
373
4

Extension of protected natural areas

Picture 14
Protected natural areas
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LakeIseo
Iseo
WATER SECTOR
WATER USE BALANCE

In the whole basin the abstraction of water for public use amounts to
79.57 Mm³/y, corresponding to a pro capita water consumption of
about 1,000 l/inhabitant. (It should be clarified that calculations were
made based on water quantities allowed, generally overestimated by
double as to the real quantities used).
About 4,669 Mm³/year are abducted from the basin as a whole every year: 90% for industrial use (mostly energy production), and 6% for
irrigation; only 2% is used for public consumption.

Water abstraction for human consumption
Quantity of water extracted (basin level): 79.57 Mm³/y
Quantity of water pro capita: 1,047 l/inhabitant.
Other uses
Quantity of water abstracted (basin level):
Use
Irrigation
Industrial use
Energy production
Potable use
Other uses
Total

Volume (Mm³/y)
297.50
50.35
4,210.82
79.57
30.56
4,668.80

1%
2%

6%
1%

90%
Irrigation
Energy production
Other uses

Industrial use
Public supply

Picture 15
Percentage of water abstracted
according to uses (at basin level)

POTENTIAL AND RESIDUAL LOADS
Balance of nutrients and other pollutants

Potential loads

Source

40%

29%

Household emissions
Zootechnical emissions

Sector
Civil and Household
Industrial
Animal farming

A.P.
208,195
218,855
283,651

COD
t/y
Civil sector
9,806
Industrial sector
n.c.
Agricultural sector
Animal farming sector 13,370
Total
23,176

BOD
t/y
4,559
n.c.
6,212
10,771

Nitrogen
t/y
935
206
1,852
1,654
4,675

Phosphorous
t/y
137
13.7
710
331
1,191.7

31%
Industrial emissions

Picture 16
Potential loads from various sectors

141

Phosphorous balance
Point sources
Private
discharges

? t P/y
WWTP

Industrial activities
13.7 t P/y
Public collection system
Household sector
137 t P/y

Diffuse sources

Spillways

52,1 t P/y
6 t P/y
38,5 t P/y

Private
discharges

Out of basin deflection*
? t P/y

Natural load

32,6 t P/y

Agriculture and Animal
farming 1,039 t P/y

31,2 t P/y

160,4 t P/y
* some treatment plants brings out of the basin a part of the loads.

Residual phosphorous loads
Application of theoretical coefficients
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of 160 t/y (such data may be
compared to that modelled by PTUA (2006), indicating a load of about 130 t P/y.
Monitoring data
No data available.
Application of OECD models
Using the equation indicated for deep lakes and actual (and not theoretical) water residence time (15 y), the external phosphorus load on
the lake was estimated at 198 t/y.

Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water

Biological quality of water
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Source
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 2
Corine Land Cover (2000)
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)
ARPA Lombardia - Settore Attività Industriali, Controlli e Coord. Laboratori - U.O. Rischi Industriali
Regione Lombardia, 2006
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 6
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Regione Lombardia – Sistema Informativo Beni Ambientali
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 5
Regione Lombardia – Catasto Utenze Idriche, 2007
Regione Lombardia – DG Sanità, 2006
ARPA Lombardia, 2005
Trends:
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
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Lake Garda is the first Italian lake as for its surface and volume. It is
astride three different regions: Lombardy, Trentino Alto Adige and Veneto. In the past, the lake was called Benacus and even today the
name Benaco is still used.
The southern part of the lake basin is larger and more depressed, while
the northern part is narrower and longer. Water fills a deep space enclosed by Mount Baldo eastward and by Tremalzo-Cablone-Pizzòcolo
mountain range westward, while southward a chain of hills forms a
moraine amphitheater. The main lake tributary is Sarca river: it enters
the lake between Torbole and Riva. Mincio river is the emissary: it flows
out near Peschiera and after several kilometres flows into the Po river
as its left tributary.
Many joint causes modelled the lake to its present form. In an ancient
valley of tectonic and fluvial origin (Messinian), the secondary arm of
Adige glacier modelled and eroded the valley, thus forming the southern moraine barrage.
Climate is mild and temperate and favours the development of the typical Mediterranean vegetation such as olive trees, lemon trees, oaks,
cypresses and palm trees.

Geographical position

State

Italy
Lombardia, Trentino Alto Adige, Veneto
Brescia, Trento, Verona
95 municipalities
φ=45°39’48’’ λ= 10°41’37’’
Lake catchment

Region
Province
Municipalities
Geographical co-ordinates
of the lake centre

Main features of the catchment area

Surface
Maximal altitude
Average altitude
Main tributary
Main emissary

2225
3.558
29,8
58

F. Sarca
F. Mincio

km²
m s.l.m.
m
m3/s
m3/s

Main features of the lake

Surface
Catchment area/ lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

368
6,4
165
65
350
133
49.031
26,8

km²
km
km
m s.l.m.
m
m
M m3
years

140

30

120

25

100
20
80
15
60
10
40
5

20
0

0
Jan

Feb

March Avril

May

June

1-Rainfall (2000-2006)
1-Temperature (2000-2006)

July

Aug

Sept

Oct

Nov

Dec

2-Rainfall (1995-2001)
2-Temperature (1995-2001)

Mean Temperature (°C)

Mean rainfall (mm/month)

Temperature and rainfall

Station
Manager
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall

Nago (1)
Ist. Agrario
Nago (TN)
222 m s.l.m.
2000-2006
12,2 °C
2000-2006
1.700 mm

Sirmione (2)
ERSAF
Sirmione (BS)
68 m s.l.m.
1995-2001
14,2 °C
1995-2001
1.013,5 mm
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LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 07/02/06
Station : Centre of lake
µS/cm

350 m
24
18
--0.4
0.03

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

MEI Index-Theoretical natural level
8.9 µg P/l
of Tot. Phosphorus :

Total Phosphorus winter concentration (µg/l)
80
hypolimnion
epilimnion
column

70
60
50
40
30
20
10

2003
2005

1999
2001

1993
1995
1997

1989
1991

1975
1977

1983
1985
1987

0

Trophic state classification
Mesotrophic

1979
1981

247
8.1
2.0
-------------

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

Year 2006

Source: Osservatorio dei Laghi Lombardi - 2004

Transparency
Annual average transparency
Minimal transparency
3/10/2006
Maximal transparency
7/2/2006

Chlorophyll a in the euphotic layer

11.2 m
6.5 m
16.0 m

Annual average concentration
3/10/2006
Maximal concentration

Temperature - Oxygen curves
2

4

6

8

10

Phytoplankton (0-20 m)
12

14

16

18

20

22

5000

0
50

4000
Biomass in mg/m3

Depth (m)

100
150
200
250
300
350

Temp. mixing (°C)
O2 mixing (mg/l)
Temp. stratif. (°C)
O2 stratif. (mg/l)

Mixing sample
Stratification sample
In the last few decades, water trophic conditions have remained
more or less unchanged: this lake is in a mesotrophic state with
total phosphorus values of approx. 20 µg/l. From a thermal point of
view, the lake can be defined as holomictic/oligomictic and water
mixing usually occurs up to a depth of about 150 meters. Total phosphorus levels are currently higher than those recorded in the 70s
and close to the full oligotrophic natural conditions of the lake. The
analysis on historical data shows a steady trend, slightly tending to
get worse though. Oxygen levels in the hypolimnion are good as
their saturation percent is about 60%, thus confirming a distinctive
feature of this lake where water has always recorded higher values
since the 70s.
The average chlorophyll values of about 3-4 µg bear out the current
mesotrophic state of the lake, unchanged since the 80s.
In compliance with the Lombardy region laws, the target level of total
phosphorus concentration is 11 µg/l: this objective will be achieved
through a series of measures regarding wastewater collection and
treatment, and possibly sooner than expected if new land management policies – mainly focused on a better load distribution and
smoothing of summer peaks – are implemented.
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3000
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1000
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Aquatic macrophytes (1969-1972 period) are more abundant in the lower lake area. In particular, Phragmites communis canebrake covers almost 25% of the lake perimeter (35-40 linear km). With respect to the past situation, we record a reduction in the number and quantity of
species along the shoreline. This is due to anthropogenic alteration of lake shoreline. Similarly, the quantity of submerged macrophytes is
decreasing. The number of taxa found is 59. Aquatic plants are observed within a 7-8 m maximum depth. Besides Phragmites communis, the
most widespread species are Potamogeton perfoliatus, Myriophyllum spicatum, Ceratophyllum demersum and Vallisneria spiralis.
Place
Position
Campeggio del Vò
Lower lake area, west
Moniga
Lower lake area, west
Maderno
Mid lake area, west
Limone
Upper lake area, west
Riva del Garda
Upper lake area, west
Bocche del Sarca
Upper lake area, east
Torbole
Upper lake area, east
Val di Sogno-Malcesine
Upper lake area, east
canadensis and Potamogeton pusillus grouping
S. Vigilio
Lower lake area, east
Cisano
Lower lake area, east
Pacengo
Lower lake area, east
Bergamini
Lower lake area, east

Substrate
Mud and pebbles
Mud and pebbles
Mud and pebbles
Gravel
Pebbles
Mud
Pebbles
Pebbles and gravel
Mud and sand
Mud
Mud
Mud and sand

Shoreline vegetation
Phragmitetum communis
Phragmitetum communis

Submerged plants
Najas marina and Potamogeton perfoliatus grouping
Potameto-Ceratophylletum demersi

Phragmitetum communis

Potamogeton pectinatus association
Lemna minor grouping
Anacharis canadensis and Potamogeton pusillus grouping
Anacharis canadensis and Vallisneria spiralis grouping; Anacharis

Phragmitetum communis

Najas marina and Potamogeton perfoliatus grouping
Anacharis canadensis and Vallisneria spiralis grouping

Phragmitetum communis

Najas marina and Potamogeton perfoliatus grouping

Distribution of aquatic macrophyte associations
BENTHIC INVERTEBRATE FAUNA

Deep benthos (1970-1971 period) features many taxa belonging to the Oligochaeta (in particular TUBIFICIDAE) and
to the dipteran CHIRONOMIDAE family. There is a good
presence of units belonging to the gastropods. Analysis on
mollusc communities (1971-1977 period) shows a massive development of Dreissena polymorpha, found in the lake
as early as 1969 and capable of reaching very high density
by colonising deep areas as well (the species has a density
equal to 5000 individuals per m-² at a 50-m depth).
No information is available on shore benthic cenoses.

Systematic Group
Crustaceans

Family
Taxa (n)
ASELLIDAE
1
GAMMARIDAE
3
Insects
CHIRONOMIDAE
18
Hirudinea
ERPOBDELLIDAE
1
Bivalve molluscs
SPHAERIIDAE
8
DREISSENIIDAE
1
Gastropod molluscs
BITHYNIIDAE
1
LYMNAEIDAE
1
VALVATIDAE
2
PLANORBIDAE
3
Oligochaeta
TUBIFICIDAE
16
HAPLOTAXIDAE
1
LUMBRICIDAE
1
NAIDIDAE
1
LUMBRICULIDAE
3
Turbelleria
PLANARIIDAE
1
Deep benthos

Species
Maximum density (ind./m-2)
Anodonta cygnaea
21
Bithyniia tentaculata
75
Dreissena polymorpha
24000
Theodoxus ﬂuviatilis
800

Species
Maximum density (ind./m-2)
Unio elongatus
22
Valvata piscinalis
281
Viviparus ater
75
Density (individuals/m-2) of molluscs found at
a 5-to-20-m depth

MAIN USES

In 2006, 124 sites were monitored to assess their compliance with
the legal thresholds defined by the national legislation
Bathing is allowed in 120 cases (97%), while in just 4 sites bathing
has been forbidden due to microbiological pollution problems.
Bathing favourable situation has remained stable for at least a decade now, as collected data confirm (it is to be specified that data
referred to samplings in Trento province, have been collected since
1999).

Quality of bathing waters (2006)
Total number of monitored sites: 124 (51 Lombardy, 8 Trento Province, 65 Veneto)
Number of sites where bathing is allowed: 120 (47 Lombardy, 8
Trento Province, 65 Veneto)
Number of sites where bathing is forbidden: 4
130

Trend (1997-2006)

BATHING

110
90
70
50
30
10
-10

'97

'98

'99

'00

'01

'02

'03

'04

'05

'06

Monitored sites 118
Compliant sites 91
77
%

117
107
91

125
109
87

125
114
91

125
112
90

125
113
90

125
121
97

125
122
98

125
112
90

124
120
97

Picture 1 - Bathing water quality trend
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MAIN USES
WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

Water for public human consumption is abstracted from 12 sites
(7 in Lombardy and 5 in Veneto), with a total quantity abstracted of
about 94.6 Mm³/y (~3,370 l/s).
In Lombardy Region, 3 sites are classified A1 and 4 sites A2,
based on the European Directive 75/440/EEC.
There are also two water abstraction points for private potable use
in Lombardy, located in Manerba and Padenghe.
Moreover, always on the Lombard side, there are other 39 abstraction sites on the lake, most of them for irrigation, although
the main diversion is for industrial use, in Toscolano Maderno municipality. The quantity being abstracted for other uses is around
12.7 Mm³/y.
On Trentino side, 14.45 Mm³ of water are abstracted every year
from lake Garda for electric power production. Power is obtained
by raising and storing water in Lake Ledro and then making it fall
back into Lake Garda.
A similar process is carried out for Valvestino lake, in the Lombardy
region.

Drinking water
Abstraction points on the lake:
Location
Classification
Volume
(Dir. 75/440/CEE) (Mm³/year)
Desenzano
A1
6,62
Desenzano
A2
Gargnano
A2
Manerba
A1
0,79
Moniga
A2
0,32
S. Felice
A2
1,89
Sirmione
A1
1,89
Manerba
0,002
Padenghe
0,063
Garda
Torri del Benaco
S. Zeno di Montagna
94,6
Brenzone
Brenzone

Other uses
Abstraction points on the lake
Type of N° abstractions Volume
use allowed
(Mm³/ year)
Irrigation
30
4,80
Industrial
1
6,24
Energy production 2
Other uses
8
1,63
Total
39
12,67

FISH FAUNA AND FISHING

In Lake Garda, fish fauna shows a relatively complex situation. The number of autochthonous species is decreasing (from
24 in 1850-1900 period to 19 in 1997),
while allochthonous units are strongly increasing (from 2 in 1700-1850 period to
14 recently).
In particular, Lampetra zanandreai (Lombardy
brook lamprey), Barbatula barbatula (stone
loach), Rutilus pigus (roach), Phoxinus phoxinus (Eurasian minnow) and Cottus gobio
(bullhead) disappeared. Other precious
species – among which Salmo carpio,
an endemic species of Benaco lake only
– are decreasing. The overall number of
species varies between 23 in the most
dated surveys and 34 in the most recent
ones.

autoctone

alloctone

100%

Frequenza

80%
60%
40%
20%
0%

1700-1850

1850-1900

1900-1950

1950-1975

1988

1997

Frequency of autochthonous and allochthonous species.

There are 81 professional fishermen on
the lake (35 in Lombardy, 45 in Veneto
and 1 in Trentino) and the main species
fished are: lake whitefish, lake shad, perch and eel.
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Common name

Scientific name

Acerina
Agone
Alborella
Anguilla
Barbo comune
Bottatrice
Cagnetta
Carassio
Carpa
Carpa erbivora
Carpione
Cavedano
Cobite barbatello
Cobite comune
Coregone lavarello
Gambusia
Ghiozzo padano
Gobione
Lampreda padana
Lasca
Luccio
Panzarolo
Persico reale
Persico sole
Persico trota
Pesce gatto
Pesce gatto afric.
Pigo
Pseudorasbora
Salmerino alpino
Sanguinerola
Savetta
Scardola
Scazzone
Siluro
Spinarello
Tinca
Triotto
Trota fario
Trota iridea
Trota lacustre
Vairone

Gymnocephalus cernuus
Alosa fallax
Alburnus alburnus alborella
Anguilla anguilla
Barbus plebejus
Lota lota
Salaria ﬂuviatilis
Carassius sp.
Cyprinus carpio
Ctenopharyngodon idellus
Salmo carpio
Leuciscus cephalus
Barbatula barbatula
Cobitis taenia bilineata
Coregonus lavaretus
Gambusia holbrooki
Padogobius martensii
Gobio gobio
Lampetra zanandreai
Chondrostoma genei
Esox lucius
Knipowitschia punctatissima
Perca ﬂuviatilis
Lepomis gibbosus
Micropterus salmoides
Ameiurus melas
Clarias sp.
Rutilus pigus
Pseudorasbora parva
Salvelinus alpinus
Phoxinus phoxinus
Chondrostoma soetta
Scardinius erythrophtalmus
Cottus gobio
Silurus glanis
Gasterosteus aculeatus
Tinca tinca
Rutilus erythrophtalmus
Salmo (trutta) trutta
Oncorhynchus mykiss
Salmo (trutta) sp.
Leuciscus soufﬁa muticellus

Origin in
1700- 1850- 1900- 1950- 1988 1997
Lombardy region
1850 1900 1950 1975
Exotic
•
Local
•
•
•
•
•
•
Endemic
•
•
•
•
•
•
Local
•
•
•
•
•
•
Endemic
•
•
•
•
•
•
Local
•
•
•
•
•
Local
•
•
•
•
•
Exotic
•
•
•
Exotic
•
•
•
•
•
•
Exotic
•
Endemic
•
•
•
•
•
•
Local
•
•
•
•
•
•
Local
•
•
•
•
Endemic
•
•
•
•
•
•
Exotic
•
•
•
•
Exotic
•
•
•
Endemic
•
•
•
•
•
•
Local
•
•
•
•
•
•
Endemic
•
•
•
Endemic
•
•
Local
•
•
•
•
•
•
Endemic
•
Local
•
•
•
•
•
Exotic
•
•
•
•
Exotic
•
•
•
•
Exotic
•
•
•
Exotic
•
Endemic
•
•
•
Exotic
•
Exotic
•
Local
•
•
•
•
Endemic
•
•
•
•
•
•
Local
•
•
•
•
•
•
Local
•
•
•
•
•
Exotic
•
Local
•
•
•
•
Local
•
•
•
•
•
•
Endemic
•
•
•
•
Exotic
•
•
•
•
•
Exotic
•
•
•
?
•
•
•
•
•
Endemic
•
•
•
•
•
List of ﬁsh species

LakeLake
Garda
Garda
CATCHMENT AREA

LAND USE
The basin of Lake Garda is astride three different Italian regions: the
largest area is in Trento province (1,269 km²), followed by Lombardy
region (615.7 km²) and then Veneto region (340 km²). With respect
to other large Lombard lakes, catchment area/lake surface ratio is
very low (approx. 6.5 against around 30 for the others).
In the northern part of the basin (in Trentino), there are some large
lakes (Lake Ledro) but also the various lakes in the lake valley.
As for land cover, over 67% of the area is covered by forests and
seminatural areas (this class reaches almost 90% in Trentino). Agricultural areas account for a bit more than one tenth of the territory
(12.5%), and artificial surfaces cover 3.5% of the area. As previously
mentioned, water bodies are abundant and account for over 17%
of the area. There are also important wetlands in the upper part of
the basin (0.1%).

Picture 2
Land use in the river
basin

ARTIFICIAL SURFACES
LAND USE

As a whole, artificial areas amount to approx. 4% of the entire catchment basin. These areas are mainly located in the neighbourhood
of the lake, especially in the southern part of the basin, but also
alongside the main valleys in Trentino area.
Artificial areas are mainly urban fabric (80%), followed by industrial,
commercial units and infrastructure (12%). Around 5% of the area is
covered by artificial, non-agricultural vegetated areas. Mines, dumps
and construction sites are scarcely represented.

12%

2%

5%

Picture 3
Breaking down
of subclasses in
CLC “artiﬁcial
surfaces” class

81%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas
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ARTIFICIAL SHORELINE

Total lake perimeter is around 165 km and the artificial shoreline accounts for approx. 45% of total length: you can find residential buildings,
accommodation facilities, towns, port areas and road networks.
There are also partially modified areas, where the farmland runs along the shore line, and they amount to 24%. The entire southern lake
area both in Lombardy and Veneto, features a high exploitation of shores. Natural areas are in the northern part and account for approx.
31%.

POPULATION DENSITY

Population living in Lake Garda catchment area amounts to around
215,000 inhabitants. There are 5 towns with over 10,000 inhabitants: Desenzano del Garda (BS), Salò (BS), Arco (TN), Riva del Garda
(TN) and Castelnuovo del Garda (VR). Most of these towns are directly on the lake shore. Population density is 98 inhabitants/km²,
with an average density in Lombardy and Veneto territory of about
140 inhab./km² and just 63 inhab./km² in Trentino.
Tourist population is estimated to be 77,500 people: the most
crowded period is summer. Average tourist density is around 35
inhab./ km².
Tourists to resident population ratio is 0.36.
Total population density (see Figure 5) – both residents and floating
population – is 133 inhabitants/km².

Picture 4
Population density
Resident population
Tourist population
Total population
Tourists/resident population ratio: 0.36
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Inhabitants
215.460
77.750
293.210

Density
inhab./km²
98
35
133

Total population
density (at municipal level)
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POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population in the basin of Lake Garda is of about 293,000
inhabitants, 215,500 of which residents and 77,500 floating.
There are 9 municipalities with a total population exceeding 10,000
P.E., all located close to the lake: Desenzano del Garda (BS), Sirmione (BS), Salò (BS), Riva del Garda (TN), Arco (TN), Peschiera (VR),
Lazise (VR), Castelnuovo del Garda (VR), Bardolino (VR). As for COD
production, the yearly potential load is about 13,800 t/year and the
BOD load is about 6,400 t/year. As for nitrogen and phosphorus
nutrients, calculated potential loads are 1,300 t/year and 195 t/year
respectively.
Potential loads
Population
Resident Population
Tourist Population
Total

P.E.
215.460
77.750
293.210

COD
(t/y)
10.148
3.662
13.810

BOD
(t/y)
4.719
1.703
6.421

N
(t/y)
967
349
1.317

P
(t/y)
142
51,3
194

Picture 5
Total population in
Population Equivalents

INDUSTRY
INDUSTRIAL SECTORS

As a whole, the lake basin hosts a bit more than 1,600 industrial
units that employ around 13,500 people in the industrial sectors
taken into account.
Most of the people are employed in the municipalities neighbouring the lake. Towns with the highest number of workers are mainly
located in the lower part of the basin: among the main ones, you
find Desenzano del Garda (Brescia), Peschiera and Castelnuovo del
Garda (Verona). Other municipalities are Salò (Brescia), Riva del Garda (Trento) and Arco (Trento).
Approx. 5,000 workers are employed in Lombardy, 5,600 in Trento
province and a bit more than 3,000 in Veneto.
The main sectors concern food and beverage industries, paper product manufacturing, metalworking and metal items manufacturing.

NACE codes
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Total

SIC codes
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
28
253
251
49
309
72
0
12
43
72
328
131
55
1.604

Number of employees
136
2.044
1.952
395
1.050
1.712
0
445
552
389
2.694
1.052
1.162
13.583

Number of industrial units and employees (by industrial sector)
INDUSTRIAL SITES AT RISK

The indicator presently reports information concerning the municipality that hosts the companies at risk of major accident, where the
presence of hazardous substances is particularly high.
In the basin sector considered, there are 3 industrial sites identified
according to Seveso Directives.

Industrial sites at risk
An investigation was carried out on a 5 km area around the lake.
Municipality
Desenzano del Garda
Soiano del Lago
Calvagese della Riviera

Type of industrial activity
LPG Storage
Inorganic chemistry
Explosives
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CONTAMINATED SITES

In the whole basin, 30 contaminated sites were registered, in 17 different municipalities. None of them is included into the list of nationally
or regionally relevant sites, most of them are very local and small (often disused service stations).

POTENTIAL LOADS FROM INDUSTRY

In the lake basin, the industrial population in terms of population
equivalents follows more or less the same subdivision as the density
of workers per municipality: the areas where the highest loads are
reported, in terms of P.E., are the whole southern part of the catchment area in both Lombardy and Veneto territory, as well as the
Trento area just north of the lake, close to Sarca river valley.
There are 18 municipalities with a potential load over 10,000 P.E.,
including Desenzano (almost 40,000 P.E.), Toscolano Maderno and
Salò, Riva del Garda and Arco with around 50,000 P.E. each, and
Bardolino and Lazise with about 30,000 P.E.
The overall industrial impact may be estimated at almost 356,000
P.E., around 145,000 of which in Trentino, 122,000 in Lombardy
and almost 90,000 in Veneto.
As for potential nitrogen and phosphorus loads, they have been estimated at 136 t/y for nitrogen and 19,4 t/y for phosphorus (considering the industrial load as 10% of civil load).

Picture 5
Potential industrial loads
expressed in P.E.

Potential loads

Industrial sector

P.E.
355.629

N (t/y)
136

P (t/y)
19,4

COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTE WATER COLLECTION SYSTEM

About 95% of the population is served by the sewerage system,
over 90% of which is served by the treatment system.
Wastewater coming from municipalities in the mid and lower lake
areas, is collected by two separate systems. A system collects wastewater from Brescian municipalities south of Salò and conveys it
to Peschiera treatment plant. The other system collects wastewater
produced in the area between Salò and Gargnano and at Toscolano
conveys it to the Veneto side by means of an underwater pipe. From
there, a special collector collects wastewater of that side and conveys it to Peschiera treatment plant. In Lombardy, there are about
130 overflows connected to sewer pipes.
A few thousand inhabitants are still not connected (around 3,700 in
Lombardy).
The industrial population connected to the sewage system is considered to be 10% of the equivalent resident population.
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Urban wastewater collection
Combined sewage system:
- Km of sewers:
Separated sewage system:
- Km of sewers:
Final receiver:
- 17 WWTP: 116,723 P.E. treated
- Waterways:
Overflows:

Industrial component:
- industrial load is considered to be 10% of civil load

LakeLake
Garda
Garda
URBAN WASTEWATER TREATMENT SYSTEM

At present, there are 17 wastewater treatment plants (WWTP). They
treat both domestic and industrial wastewater amounting to about
116,923 P.E.; no detailed information is available as to the various
amounts for the two types of discharges.
In Lombardy, there are 4 plants treating about 8,400 P.E., while in
Trentino there are 12 plants treating approx. 108,000 P.E.
Trento Province hosts 10 WTP where a tertiary treatment is performed on about 105,000 P.E.
Moreover, in the catchment area there are Imhoff tanks treating over
6,000 P.E.
Using some coefficients to calculate the removal efficiency of treatment plants within the basin, the results indicate 89% and 94% for
COD and BOD respectively and 74% and 75% for nitrogen and phosphorus. These data are confirmed for BOD, N and P parameters by
monitoring data collected in Trento province.
Thanks to the sewer collectors located in mid and lower lake areas,
almost all loads – apart from overflow loads – are conveyed outside
the basin, to Peschiera treatment plant having a tertiary treatment
and a capacity of 330,000 P.E.

Picture 7
Information at basin scale - Type of treatment:
Type
Number of plants
Primary treatment
0
Secondary treatment
7
Tertiary treatment
10
Total
17

Location of wastewater
treatment plants and main
wastewater collection systems

P.E.
0
11.543
105.180
116.723

Removal efficiency (assessed by coefficients):
Parametro
Removal efficiency
BOD
84%
COD
94%
Nitrogen
74%
Phosphorus
75%

Final receiver:
- lake Garda: 2 plants (14,925 total P.E.)
- other water bodies: 15 plants (101,798 P.E.)

AGRICULTURE AND ANIMAL FARMING

TYPES OF CROPS

24%

45%

Agricultural areas cover over 12% of lake catchment area and are
more common in the southern part of the basin, in Lombardy and
Veneto territory, where they account for almost 20% of land coverage.
Heterogeneous agricultural areas are the most widespread in the
basin, covering approx. 45% of the farming area, but arable land and
permanent crops are widespread, too. Pastures are less present
and in any case located in the northern areas of the basin.

19%
12%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 8
Subclass percentage in the CLC “agricultural areas” class
SUSTAINABLE FARMING AREAS

Data were only collected for the Lombard part of the basin: there, around 20% of the area is cultivated and about 32% of the cropped surface
is managed according to agro-environmental criteria.
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LIVESTOCK FARMING

The Figure shows animal density in livestock units. As to nitrogen
load, no municipality exceeds the 170 kg/ha* per year threshold.
Some municipalities report values that are over 100 kg/ha* per year:
Lonato (Brescia), Soiano del Lago (Brescia) and Castelnuovo del
Garda (Verona).
In terms of livestock units, most animal farms rear cattle, followed by
pigs, and poultry and rabbits.
Type
Number of heads
Cattle
30.338
Horses
976
Pigs
14.925
Sheep and goats
5.860
Poultry and rabbits
687.695
Number of heads and livestock units

Livestock units
30.338
976
2.985
781
2.751

Picture 9
Animal density in livestock
units (municipal level)

POTENTIAL LOADS FROM AGRICULTURE

The potential load coming from agriculture and due to fertilisers was
calculated using some general coefficients (specific contributions).
The specific contribution was calculated for each of the 4 classes of
the CLC method previously identified.

Potential loads
Crop
Arable land
Permanent crops
Pasture
Horticulture
Total

Km²
64,86
51,89
32,45
125,94
275,14

N (t/y)
1.297,2
518,9
129,8
1.511,3
3.457,2

P (t/y)
259,4
155,7
97,4
692,7
1.205,1

POTENTIAL LOADS FROM ANIMAL FARMING

Ten municipalities in the lake basin have load values over 10,000 P.E.
linked to animal farming: three municipalities are in Lombardy region
(Desenzano del Garda, Lonato and Tremosine), three are in Trentino
region (Flavé, Bleggio and Lomaggio) and 4 in Veneto region (Lazise,
S. Zeno di Montagna, Castelnuovo del Garda and Bardolino). In general, total load coming from animal farming is about 393,000 P.E.
Type of farming
Cattle
Horses
Pigs
Poultry and rabbits
Sheep and goats
Total

COD
(t/y)
13.045
420
2.888
1.513
693
18.559

BOD
(t/y)
6.068
195
1.343
688
322
8.616

N
(t/y)
1.820
56,6
224
344
41
2.485,6

P
(t/y)
273
8,8
67
138
16,4
503,2

P.E.
391.434
13.078
105.370
33.097
226.982
393.427

Picture 10
Number of animals
(in Population Equivalents)
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LakeLake
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WOODLANDS AND SEMI-NATURAL ENVIRONMENTS
18%

USE OF LAND

Natural or seminatural areas are mainly located in the northern part
of the basin, in Trentino region, and in the upper lake area. Over 50%
of the natural or seminatural areas are covered by forests, while the
other two classes – scrub and/or herbaceous vegetation associations, and open spaces with little or no vegetation – are more or less
equally distributed, covering 15% and 18% of the area respectively,
and are mainly to be found in the most mountainous areas of the
basin.

15%

67%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

picture 11
Percentage of CLC subclasses in “forest and seminatural areas”
class.
PROTECTED NATURAL AREAS

Approx. 40% of the whole territory is occupied by protected areas
(50% in Lombardy, 38% in Trentino and 29% in Veneto). There are
3 parks (two are regional parks in Lombardy and one is provincial in
Trentino), 34 Sites of Community Importance (SCI) and 10 Special
Protection Areas (SPA). In Trento province, there are also 7 provincial
biotopes.
In total, these areas, without considering overlaps, cover a 878-km²
surface.
Protected lake shoreline amounts to approximately 62 km, almost
40% of the whole shoreline.
Type
Parks
SIC
ZPS
Provincial biotopes

Number
3
34
10
7

Extension (km²)
714
690
330
8,6

Picture 12
Protected natural areas.

Extension of protected natural areas

POTENTIAL AND RESIDUAL LOADS
Potential loads

Balance of nutrients and other pollutants
28%

38%

Source

COD
t/y
13.810
n.c.

Domestic sector
Industrial sector
Agricultural sector
Animal farming sector 18.559
Total

BOD
t/y
6.421
n.c.
8.616

Nitrogen
t/y
1.317
136
3.457
2.486
7.396

Phosphorus
t/y
194
19,4
1.205
503
1921,4

34%

Household emissions
Zootechnical emissions
Sector
P.E.
Civil and householdo 293.210
Industrial
355.629
Animal farming
393.427

Industrial emissions

Picture 13
Potential loads from various sectors
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Point sources
Phosphorus balance

Private
discharges

? t P/y
WWTP

Industrial activities
19,4 t P/y
Public collection system
Domestic sector
194 t P/y

Overflows

21,8 t P/y
8,3 t P/y
2,4 t P/y

Out of basin diversion *

Private
discharges

? t P/y

Diffuse source
Natural load

29,2 t P/y

Agriculture and livestock
farming 1.708 t P/y

49,8 t P/y

Other basins
Valvestina 0,53 tP
Ledro 0,55 tP

1,1 t P/y
112,6 t P/y

* Peschiera treatment plant treats an out-of-basin diverted load of over 300,000 P.E.
Residual phosphorus loads
Application of theoretical coefficients
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was about 112.6 t/y. Such value
may be compared to that modelled by PTUA (2006), indicating a load of about 155 t P/y.
Monitoring data
Monthly monitoring data exist only for Sarca: average annual input is around 52 t P/y.
Application of OECD models
Using the equation indicated for deep lakes and actual water residence time (29.6 y), the external phosphorus load on the whole lake was
estimated at about 280 t/y. This value is very high with respect to what estimated by using coefficients.

Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water

Biological quality of water
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Source
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 2
Corine Land Cover (2000)
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)
ARPA Lombardia - Settore Attività Industriali, Controlli e Coord. Laboratori - U.O. Rischi Industriali
Regione Lombardia, 2006
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 6
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
ISTAT - 5° Censimento dell’Agricoltura (2000)
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – database di Piano
Regione Lombardia – Sistema Informativo Beni Ambientali
Programma di Tutela e Uso delle Acque, DGR 2244 del 29 marzo 2006; Regione Lombardia – Allegato 5
Regione Lombardia – Catasto Utenze Idriche, 2007
Regione Lombardia – DG Sanità, 2006
ARPA Veneto, 2006
Trend:
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005
Regione Lombardia, ARPA, FLA - Osservatorio dei Laghi Lombardi (OLL), 2005

Lake
Ledro
Lake
Ledro

Lake catchment

Lake Ledro

Lake Ledro is located at 655 m. on s. l., in the South-West of Trentino,
in the valley having the same name. It is surrounded by spectacular
mountains and set in a scenery full of charm. The lake originated from a
morainal dam and is fed by numerous springs, generally subaqueous,
and by three streams: Massangla, Assat di Pur and Assat di Pieve, that
are dry most of the year.
Lake Ledro is well known for the beautiful landscape surrounding it and
also for the vast area of lake dwellings discovered on its Eastern shore
in 1929, when the lake water subsided several metres. This archaeological find is the most important in Europe in terms of size, number of
structures and good preservation.

Geographical position

State
Region
Province
Municipalities

Italy
Trentino-Alto Adige
Trento
5 Municipalities
(Bezzecca, Concei, Molina di Ledro, Pieve di Ledro,
Tiarno di sopra, Tiarno di sotto)

Geographical coordinates
of the lake centre (Gauss-Boaga)

X 1635945,97’ Y 5081954,84’

Main features of the catchment area

Main emissary

49,3
2150

km²
m. on s. l.
m

Rio Mandola
Fos dei Gamberi
(Massangla,
Assat di Pur,
Assat di Pieve)

m3/s

River Brenta

m3/s

Temperature and rainfall

25

Surface
Catchment area/lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Theoretical water change time

2,2
46
8,9
655
48
35
75,8
<1

km²
km
km
m s.l.m.
m
m
M m3
year

Mean raifall (mm/month)

250

Main features of the lake

20

200

15
150
10
100
5
50

0

0

Mean Temperature (°C)

Surface
Maximal altitude
Average altitude
Main tributaries

-5
Jan

Feb

March Avril

May

Rainfall (2000-2006)

Station
Manager
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall

June

July

Aug

Sept

Oct

Nov

Dec

Temperature (2000-2006)

Bezzecca
Istituto Agrario di S. Michele all’Adige (www.iasma.it)
Bezzecca (TN)
705 m s.l.m.
2002-2006
9,3 °C
2002-2006
1234 mm/y
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LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 12/03/03 Station : Pieve di Ledro
µS/cm

m

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

12
<2
<1
0.8
<0.1

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)
80
70
60
50
40

MEI Index-Theoretic natural level
15 µg P/l
of Tot. Phosphorus :

30
20
10
2004

2003

2000

2002

0

Trophic state classification
Mesotrophic

2001

319
8.1
3.0
-------------

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

40

Year 2003

Transparency
Chlorophyll a in the euphotic layer

6.6 m
5.0 m
9.0 m

12/03/03
04/06/03

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
2

4

6

8

10

12

14

Phytoplankton (0-20 m)
16

18

20

22

24

26

28

Euglenophyceae
Desmidiaceae
Xanthophyceae
Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae
Cryptophyceae
Diatomophyceae

30

5000

0
5

4000

10

3000

20
25
30

The environmental quality of lake Ledro is monitored by APPATN ( the Local Environmental Protection Agency of Trento)
with two samplings per year. APSS (the Local Health Services
Agency) checks the necessary parameters to determine the
lake suitability for swimming at 3 points, according to the timetable provided for by the laws in force.
Transparency is good all year round. ‘a’ chlorophyll values often reach quite high peaks in summer and spring. Orthophosphate phosphorus values are always irrelevant, as are total
phosphorus values, that during the three-year period 20002003 remained in between 7 and 11 µg/l (values relating to
the periods of spring overturn).
In 2003 summer stratification was well determined. Metalimnion was present in summer between 5 and 15 metres.
Summer surface temperature was very high (about 24°C), as
compared to previous years. There was a high concentration
of oxygen in summer at about 11 metres and values close to
anoxia at the lake bottom.
Lake Ledro is in a mesotrophic condition.
As for algal biovolume trend, spring months are characterized
by the presence of numerous Diatoms, whereas in April and
June there are high numbers of Chlorophyta, that in previous
years contributed less to the total biovolume.
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15/0
9/03

Mixing sample 12/03/03
Stratification sample 19/08/03

0
23/0
8/03

O2 stratif. (mg/l)

07/0
7/03

Temp. stratif. (°C)

04/0
6/03

50

1000

O2 mixing (mg/l)

19/0
5/03

45

Temp. mixing (°C)

23/0
4/03

40

2000

12/0
3/03

35

Biomass in mg/m3

Depth (m)

15

Aereal mapping of lake Ledro

0

7.3 µg/l
10.6 µg/l

19/05/03

15/1
0/03

Annual average transparency
Minimal transparency
Maximal transparency
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Lake
Ledro
OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Currently, there is no information available.
BENTHIC INVERTEBRATE FAUNA

During the 2006 monitoring of benthic invertebrate fauna, in lake Ledro, the lowest number of taxa of Crustacea was found as compared to
the other lakes of the Alplakes project. Only two species were sampled, one belonging to the order of Isopoda and the other to the order
of Amphipods (Maiolini et al., 2006).
Lake Ledro used to host many different types of shellfish, but because of level fluctuations due to the hydroelectric use of water, some of
these shellfish are no longer present (Dalfreddo & Maiolini, 2004).
The water re-pumped from lake Garda for hydroelectric purposes, during low energy request periods, has favoured the arrival of the invasive
shellfish Dreissena polymorpha, present in lake Garda since 1991.
As for coastal benthic invertebrate fauna, lake Ledro community is similar to that of lake Garda, with a smaller number both of taxa and
individuals (Maiolini et al., 2006).

MAIN USES
BATHING

Quality of bathing waters (2005)

In lake Ledro 3 sites are monitored to assess their compliance with
national bathing legislation. In 2006 bathing was allowed all year
round.
Monitoring data trend shows that every year bathing is allowed in the
three monitored sites.

Total number of monitored sites: 3
Total number of sites where bathing is allowed: 3
Number of sites where bathing is forbidden: 0
Trend
Year
2001
2002
2003
2004
2005
2006

Monitored sites
3
3
3
3
3
3

Bathing allowed
100 %
100 %
100 %
100 %
100 %
100%

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

Lake waters are not used for drinking purposes.
FISH FAUNA AND FISHING

Lake Ledro hosts many species of fish. During monitoring, 13 species of fish were sampled (P.A.T. Forests and Fauna Service, 2003): perch
(46.7%), bleak (36.7%), ray-finned fish (7.2%), chub (3.0%), burbot (2.6%), rudd (2.2%), barbel (0.3%), carp (0.1%), Italian nase (0.3%),
crucian (0.3%), pseudorasbora parva (0.3%), whitefish (0.1%) and allis shad (0.1%).
The percentage of leak is a positive data, since this species is significantly decreasing in many other lakes. Lake trout is present, although
it was not caught during this sampling.
CATCHMENT AREA

LAND MANAGEMENT
Picture 1
Lake Ledro is located in the Ledro Valley, North-West of Trentino.
The basin of this mountain valley is mainly covered with forests and
natural areas (90%). Agricultural areas account for 6% of the total basin; artificial surfaces for 2%. Water bodies cover 2% of the territory
and include lake Ledro and other small lakes and streams.

Land use in the catchment basin
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ARTIFICIAL SURFACES
LAND USE

Artificial surfaces are mainly urban fabric (67%). The villages Pieve
di Ledro, Bezzecca, Concei, Tiarno di Sotto are completely within
the Ledro basin, while Molina di Ledro and Tiarno di Sopra are only
partially included. Industrial, commercial areas and infrastructure account for 25% of the total artificial surfaces. The land use class ‘artificial, non-agricultural vegetated areas’ accounts for 7% of all artificial
surfaces. Within the catchment basin of lake Ledro there are areas
used for sports and leisure activities and tourist campsites covering
about 10 hectares. There are also some mines, dumps and construction sites and artificial areas and abandoned land (1%).

1% 7%

Picture 2
Subdivision of subclasses for the class
“Artiﬁcial surfaces” of
the CLC

25%

67%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL COASTS

To assess this indicator, the artificial surfaces present within 15 metres from the shore have been considered. This area around lake Ledro stretches for about 130,000 m2 and, inside it, artificial surfaces
cover about 25,000 m2. 18% of shores are artificial. The structure
of shores is mainly natural. Recently, some small and medium-size
beaches for tourists have been realized. There are campsites and
other accommodation facilities along the shores.

Picture 3
Artiﬁcial coasts of
lake Ledro

FUNCTIONALITY INDEX OF THE LAKE SHORE
ZONE

Picture 4
Along the shores of lake Ledro there are stretches of intact shore
vegetation and natural shores (e.g. a long stretch along the South
shore) that have a good functionality.
In the areas heavily affected by human activity (e.g. Pieve di Ledro beach, some stretches along the South-West shore and some
others along the East shore), functionality values are lower: houses
are close to the shore and tourist infrastructure interrupts the natural
structure of shore vegetation.
On the North shore, the main road limits the spreading of shore vegetation, partially jeopardizing the functionality of the area.
Data collected on: 17/10/2006
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Lake Ledro shores
functionality
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POPULATION DENSITY

The population living in lake Ledro basin amounts to about 3,600
inhabitants. Resident population density is about 36 inhabitants/
Km². More than 600,000 tourists visit the basin every year. The average daily tourist density is 16 inhabitants/Km². The ‘Ledro valley’
has a strong vocation for tourism; summer being the period of highest tourist concentration.
The ratio between (daily) tourist population and resident population
is 0.46.
Total population density, that is permanent population plus temporary population (tourists), is about 50 inhabitants/Km².

Population density

Inhabitants

Resident population
Tourist population
Total population
Tourists/ resident population ratio: 0.46

Picture 5
Total population
density (at municipality level)

Density
inhab./km²
36
16
52

3.629
1.677
5.306

POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population of the basin of lake Ledro (daily tourists + residents) is about 5,300 inhabitants; residents account for the largest
part, whereas tourists account for about 30% of the total population.
All the Municipalities around the lake have a strong vocation for tourism.
As for COD production, the potential load is 250 t/year, while the
BOD load is about 100 t/year. As for nutrients, calculated potential
loads are about 24 t/year of nitrogen and 3.5 t/year of phosphorus.

Potential loads
Population
Residents
Tourists
Total

P.E.
3.629
1.677
5.306

COD
(t/y)
171
79
250

BOD
(t/y)
79
37
116

N
(t/y)
16
8
24

Picture 6
Total population (in
population equivalents)

P
(t/y)
2,4
1,1
3,5
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INDUSTRY
INDUSTRIAL SECTORS

It has been calculated that within the basin of lake Ledro there are
about 30 industrial units and approximately 150 people are working
in the industrial sectors considered.
Among the industrial sectors with a potential impact on water resources, the sector ‘woodworking and wood products manufacturing’ is
represented by 20 industries employing about 100 people. Other
industrial activities within the basin of lake Ledro are in the sector of
‘metal working and production of metal products’.
No factory discharges wastewater directly into the lake or into surface waters within the lake basin.

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC code
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
0
1
0
0
19
2
0
0
0
1
4
0
0
27

Number of employees
0
4
3
0
115
3
0
0
0
1
24
0
0
149

Number of industrial units and employees (broken down by industrial sector)

INDUSTRIAL SITES AT RISK

There are no industrial sites at risk within the basin of lake Ledro.

CONTAMINATED SITES

There are no contaminated sites within the basin of lake Ledro.

POTENTIAL LOADS FROM INDUSTRY

Potential industrial nitrogen loads amount to 1.5 tons per year. Potential phosphorus loads are less than one ton/year.
For each Municipality within the basin of lake Ledro, potential industrial loads, expressed in population equivalents, are less than 500.
Tiarno di Sotto is the Municipality with the highest number of population equivalents for industry (410).

Industry
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P.E.
778

N (t/y)
1,49

P (t/y)
0,35

Picture 7
Potential industrial
loads
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COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTEWATER COLLECTION SYSTEM

In the catchment basin of lake Ledro, the collecting system takes the
discharges to some treatment plants.
Since August 2006, the effluents of Mezzolago treatment plant, that
were previously discharged into the lake, are collected by Pieve di
Ledro treatment plant. Currently, only Pieve di Ledro treatment plant
discharges into lake Ledro.
No detailed information on the sewerage networks of the basin is
presently available.

Urban wastewater collection
Final receiver: (since August 2006)
- Treatment plant in Pieve di Ledro and then the lake

URBAN WASTEWATER TREATMENT SYSTEM

Only the treatment plants located within the basin of lake Ledro discharging directly into the lake or into surface waters within the Ledro basin have been considered.
Available data on types of treatment, removal efficiency and treatment plants in general, refer to the year 2005. At that time, both
Pieve di Ledro and Mezzolago treatment plants were discharging directly into the lake. Currently (since August 2006), only the effluents
of Pieve di Ledro treatment plant are discharged into the lake. Pieve
di Ledro treatment plant has tertiary treatment.
Total removal efficiency, concerning both treatment plants, is 97%
for BOD, 62% & 77% for nitrogen and phosphorus respectively (data
referring to the year 2005).
Within the Ledro basin there are no Imhoff tanks.

Picture 8
Wastewater
treatment plants
(2005)

Information at basin scale
Type of treatment: (2005)
Type
Primary T.
Secondary T.
Tertiary T.
Total

Number of plants

P.E.

1
1

694
11.784
12.478

Final receiver (since August 2006):
- lake Ledro: 1 plant
- other water bodies: no
Removal efficiency:
Assessed using both theoretical coefficients (1) and specific monitoring data referred to the year 2005 (2).
Parameter

Efficiency
(1)

(2)

BOD

94%

97%

COD

84%

-

Nitrogen

77%

62%

Phosphorus

77%

77%
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AGRICULTURE AND ANIMAL FARMING
TYPE OF CROPS

Arable land is widespread within the basin of lake Ledro and accounts for 64% of total agricultural areas. Pastures account for 34% and
heterogeneous agricultural areas for 2%. There are no permanent
crops.

2%

34%

64%
0%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 9 – Subclass percentage in the CLC farming area
ANIMAL FARMING

As for livestock farming, cattle breeding ranks first in terms of livestock units (747); whereas pig, poultry and rabbit farming is not very
relevant. In general, animal farming is not a widespread activity within
the basin of lake Ledro.

Type
Cattle
Horses
Pigs
Sheep and goats
Poultry & rabbits

Number of heads
747
55
19
226
1588

Livestock units
747
55
4
30
6

Picture 10
Animal density in
livestock units/ha (municipal level)

POTENTIAL LOADS FROM AGRICULTURE

The potential load of agriculture, due to fertilizers, was calculated
using some general coefficients. Coefficients for calculation were
applied to the four above-mentioned classes of agricultural areas.
Potential loads from agricultural activities amount to 89 tons per year
of nitrogen and 22.9 tons per year of phosphorus.

Potential loads
Crop
Arable land
Permanent crops
Pasture
Horticulture
Total

POTENTIAL LOADS FROM LIVESTOCK FARMING

Within the basin of lake Ledro, population equivalents from animal
farming are slightly less than 7,000. Cattle breeding accounts for
more than 80%, whereas pigs and poultry account for less then 10%
of total population equivalents.
Potential loads
The polluting load of the 4 characteristic parameters has been calculated using general coefficients.

Type of
farming
Cattle
Horses
Pigs
Poultry & Rabbits
Sheep & Goats
Total
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COD
(t/y)
276
23,7
3,7
3,5
26,7
334

BOD
(t/y)
128
11
1,7
1,6
12,4
155

N
(t/y)
38,5
3,2
0,3
0,8
1,6
44,4

P
(t/y)
5,8
0,5
0,1
0,3
0,6
7,3

A.E.
5.863
502
78
73
568
7.083

Picture 11
Number of animals (in
Population Equivalents)

Km²
3,9
2,1
0,2
6,2

N (t/a)
78,8
8,4
1,8
89,0

P (t/a)
15,8
6,3
0,8
22,9
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WOODLANDS AND SEMI-NATURAL ENVIRONMENTS
USE OF LAND

Most of the natural areas are covered by forests (81%) and the other
two classes (scrub and/or herbaceous vegetation associations, and
open spaces with little or no vegetation) account for 14% and 5% of
the total natural and semi-natural areas respectively.

5%
14%

81%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 12
Percentage of CLC subclasses for woodlands and semi-natural
environments.

PROTECTED NATURAL AREAS

19% of the basin of lake Ledro is protected. In total, protected areas
cover an area of 19.4 Km2, considering just once the areas that are
both SCI and SPA.
There are 3 Sites of Community Importance (SCI) that are protected
areas defined by the Habitat Directive: ‘Monti Tremalzo e Tombea’,
‘Crinale Pichea – Rocchetta’ and ‘Bocca di Caset’. The last two are
both SCI (according to the Habitat Directive) and SPA (Special Protection Areas) according to the Birds Directive.
There are no protected areas near the shores of lake Ledro.

Type
Parks
SIC
ZPS
Other areas

Number

Extension (km2)

3
2

19,4
2,9

Picture 13
Protected natural areas

WATER SECTOR
WATER USE AND BALANCE

78.84 Mm3 of water are abstracted every year from lake Ledro to
produce electric energy. Since 1929, lake Ledro has been used as
reservoir for the hydroelectric power plant of Riva del Garda.
Lake water is not abstracted for other uses.

0%

Other uses
Quantity of water abstracted (from the lake):
Use
Irrigation
Industrial use
Energy production
Potable use
Other uses
Total

0%

0%

0%

100%
Volume (Mm3)
0
0
78,84
0
0
78,84

Irrigation
Energy production
Other uses

Industrial use
Public supply

Picture 14
Percentage of water abducted
according to uses (at basin level)
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POTENTIAL AND RESIDUAL LOADS
Potential loads
40%

54%

6%

Household emissions
Zootechnical emissions

Picture 15

Balance of nutrients and other pollu-

Potential loads from
various sectors

Source

Sector
Civil and household
Industrial
Animal farming

A.E.
5.306
778
7.083

COD
t/y
Civil sector
250
Industrial sector
Agricultural sector
Animal farming sector 334
Total
584

BOD
t/y
116
155
271

Nitrogen
t/y
23,8
1,5
89,1
44,4
158,8

Phosphorus
t/y
3,5
0,4
22,9
7,3
34,1

Industrial emissions

Phosphorus detailed
Point sources
Private
discharges

0 t P/y
WWTP

Industrial activities
0,4 t P/y
Public collection system
Domestic sector
3,5 t P/y

Outflows

0,6* t P/y
0 t P/y
0 t P/y

Private
discharges

Out of basin deflection
0 t P/y

Diffuse sources
Natural load

2 t P/y

Agriculture and animal
farming 30,2 t P/y

1,1 t P/y

3,7 t P/y

* monitoring data (Water Protection Plan - 2005). If the coefficient proposed in the methodology is applied, the resulting WTP load is 2.1 t P/y.

Residual phosphorus loads
Application of theoretical coefficients
The estimated phosphorus input to the lake, using coefficients, is about 5.2 t/y (3.7 considering the calculation data of the monitoring of
loads coming from treatment plants for the PTUA).
Monitoring data
There are no monitoring data available regarding loads input to the lake.
Application of OECD models
By using the load models proposed by OECD for shallow lakes and artificial reservoirs, the estimated annual phosphorus load is about 3 t
P/y.
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Data
Morphometry
Hydrology and climatology

Land cover, land use
Population and tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system

Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water

Source
ISMA. 1997. Caratteristiche limnologiche dei laghi nel Trentino- Rapporto 1996, Istituto Agrario di S.Michele all’Adige
ISMA. 1998. Caratteristiche limnologiche dei laghi nel Trentino- Rapporto 1997, Istituto Agrario di S.Michele all’Adige
ISMA. 2000. Caratteristiche limnologiche dei laghi nel Trentino- Rapporto 1998, Istituto Agrario di S.Michele all’Adige
Piano Urbanistico Provinciale (PUP), anni 2005-2006 - Servizio Urbanistica e Tutela del Paesaggio - Provincia Autono
ma di Trento
Servizio Statistica - Provincia Autonoma di Trento, 2005
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)
Provincia Autonoma di Trento - Anagrafe dei Siti Contaminati
Piano di Tutela delle Acque, Provincia Autonoma di Trento, 2004. (deliberazione di Giunta n. 3233 d.d. 30 dicembre
2004 e successivi aggiornamenti)
Provincia Autonoma di Trento - Servizio Opere Igienico-Sanitarie (SOIS)
ISTAT - 5° Censimento dell’Agricoltura (2000)
ISTAT - 5° Censimento dell’Agricoltura (2000)
SIAT, PUP (2005-2006)
Provincia Autonoma di Trento - Servizio Utilizzazione Acque Pubbliche
Provincia Autonoma di Trento - U.O. Prevenzione Ambientale dell’Azienda Provinciale per i Servizi Sanitari (2006, 2007)
Agenzia Provinciale Protezione Ambiente (APPA)
Biological quality of water Agenzia Provinciale Protezione Ambiente (APPA)
Fauna bentonica:
Maiolini B. et al. 2006. Rapporto finale ‘Benthic macroinvertebrates community as ecological indicator of lake status in
the Trentine lakes of Alplakes project’, MTSN, Trento
Dalfreddo C. & Maiolini B. 2003. Popolamento malacologico di alcuni laghi trentini a confronto 70 anni dopo, Studi Trent.
Sci. Nat., Acta Biol., 80(2003): 175-177, Trento
Fauna ittica: Provincia Autonoma di Trento - Servizio Foreste e Fauna
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Lake Caldonazzo

Lake Caldonazzo

Lake Caldonazzo is the largest lake of region Trentino entirely located
within provincial borders. Owing to its numerous beaches (Caldonazzo, Calceranica, S.Cristoforo, etc.) and charming scenery (the peaks
of Dolomiti di Brenta are visible in the distance), the lake is an important
tourist attraction. Located in Valsugana, at about 15 Km from the town
of Trento, it is almost entirely surrounded by mountains; the hill of Tenna
separates it from nearby lake Levico.
Lake Caldonazzo was originated by a landslide. Rio Mandola, Rio Merdàr and other streams running down Monte Marzola and the hill of
Tenna flow into the lake. A large spring in the North-East corner feeds
the lake.
The emissary of lake Caldonazzo, together with the emissary of lake
Levico, originate river Brenta.

State
Region
Province
Municipalities

Lake catchment

Geographical position

Italy
Trentino-Alto Adige
Trento
8 municipalities
(Bosentino, Calceranica al lago, Caldonazzo, Centa San Nicolò,
Pergine Valsugana, Tenna, Vattaro, Vigolo Vattaro)

Geographical coordinates
Of the lake centre (Gauss-Boaga)

X 1674201,81’ Y 5098220,14’

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries

49,3
2150

km²
m s.l.m.
m
Rio Mandola, Fos dei Gamberi, Fos del
Lavatoio, Canale Mandoletta, Rio da Ischia
fiume Brenta

Main emissary

Main characteristics of the lake

Surface
Catchment area/lake area ratio
Perimeter
Average altitude
Maximal depth
Average depth
Volume
Water change time

5,3
9,3
12,1
449
49
27
149,0
3,6

km²
km
km
m s.l.m.
m
m
M m3
years

Temperature and rainfall

Mean rainfall (mm/month)

20

200

15
150
10
100
5
50

0

0

-5
Jan

Feb

March Avril

May

Rainfall (2000-2006)
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June

July

Aug

Sept

Oct

Nov

Temperature (2000-2006)

Dec

Mean Temperature (°C)

25

250

Station
Manager
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean temperature

Caldonazzo lago
Istituto Agrario di S. Michele all’Adige (www.iasma.it)
Caldonazzo (TN)
465 m s.l.m.
2002-2006
10,7 °C
2002-2006
1095 mm/y

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 03/03/03
Station : lake centre
µS/cm

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

Year 2003

m
19
12
<1
0.5
<0.1

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

MEI Index-Theoretic natural level
16 µg P/l
of Tot. Phosphorus :

Total Phosphorus winter concentration (µg/l)
80
70
60
50
40
30
20
10

Trophic state classification
Mesotrophic

2004

2003

2002

2001

1999

0
2000

352
8.0
2.9
-------------

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

44

Transparency
Annual average transparency
Minimal transparency
Maximal transparency

18/08/03
24/02/03

Chlorophyll a in the euphotic layer

6.2 m
3.4 m
11.0 m

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
0

2

4

6

8

10

12

14

16

18

20

22

24

26

5000

28

4000

10

Chlorophyceae
Chrysophyceae
Cryptophyceae

25
30
Temp. mixing (°C)
O2 mixing (mg/l)

45

Temp. stratif. (°C)

50

O2 stratif. (mg/l)

Mixing sample 03/03/03
Stratification sample 25/08/03

3000

Diatomophyceae

2000

1000

0
10
/02
/03
10
/03
/03
08
/04
/03
06
/01
/00
03
/06
/03
07
/07
/03
18
/08
/03
30
/09
/03
27
/10
/03
01
/12
/03

20

Biomass in mg/m3

15
Depth (m)

Cyanophyceae
Dinophyceae

5

40

4.4 µg/l
10.9 µg/l

Phytoplankton (0-20 m)

0

35

25/03/03

Aereal mapping of lake Caldonazzo

The environmental quality of lake Caldonazzo is monitored by APPA-TN (the
Local Environmental Protection Agency of Trento) with two samplings per year.
APSS (the Local Health Services Agency) checks the necessary parameters to
determine the lake suitability for swimming at 9 points, according to the timetable
provided for by the laws in force.
In 2003, the environmental monitoring plan provided for monthly samplings, within
the framework of a project to study lake Caldonazzo (TREND Project involving the
Civil and Environmental Engineering Department and APPA-TN, 2005).
Phosphorus concentration, in the samples taken in the period 2000-2003 during spring overturn, oscillated between 17 and 24 µg/l. In 2003, ‘a’ chlorophyll
values recorded a spring peak, but during the remaining sampling, they were
quite low.
During summer stratification, metalimnion was present between 7 and 12 meters. During spring sampling, the column was homogeneous in temperature.
In 2003, there was maximum transparency in February and minimum transparency in August.
During stratification periods, there is lack of oxygen in the deepest layers; nevertheless, the lake oxygenation conditions have progressively improved over the
years, following actions to remove the main organic loads that heavily affected
the lake in the ‘70s and the activation of the ventilation system.
Lake Caldonazzo is currently in a mesotrophic condition.
Data relating to the presence of phytoplankton in lake Caldonazzo show a productivity that remains quite moderate over sampling.
As for algal biovolume trend, Cyanophytes are present in summer and autumn
and absent in spring, when Diatoms dominate. Cryptophyceae are present all
year round, even though their biovolume is negligible in certain months.
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Currently, there is no information available.
BENTHIC INVERTEBRATE FAUNA

During 2006 sampling, a quite numerous and diversified population of Crustacea was found in lake Caldonazzo, with one dominant and 5
rare species. Isopoda and Harpacticoida were present in reasonable numbers, whereas Cyclopoida were rarer. Cyclopoida, present also
in the nearby lake Levico, have not been found in the other lakes of the region Trentino within the ALPLAKES project. Large numbers of
Ephemeroptera were found in lake Caldonazzo (Maiolini et al., 2006).
Shellfish population was varied, with 31 different species (Dalfreddo & Maiolini, 2003).
During the most recent sampling (Maiolini et al., 2006), no specimen of Austropotamobius pallipes was found, although in previous years a
population of this crayfish was present. The zebra mussel Dreissena polymorpha, an allochthonous species, has been living in lake Caldonazzo since 1992. The first specimen was found in Trentino in 1991 in lake Garda (Maiolini et al., 2006).

MAIN USES
BATHING

Quality of bathing waters (2005)

In lake Caldonazzo, 9 sites are monitored to assess their compliance with national bathing legislation. In 2006, bathing was allowed all
year round.
Monitoring data historic trend shows that every year bathing has
been allowed in all 9 monitored sites.

Total number of monitored sites: 9
Total number of sites where bathing is allowed: 9
Number of sites where bathing is forbidden: 0
Trend
Year
2001
2002
2003
2004
2005
2006

Monitored sites
9
9
9
9
9
9

athing allowed
100 %
100 %
100 %
100 %
100 %
100%

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

Lake waters are not used for drinking purposes.

FISH FAUNA AND FISHING

The species of fish sampled during 2005 monitoring (P.A.T. Forests and Fauna Service) were: rudd (76.6%), perch (8.9%), pumpkinseed
sunfish (5.6%), catfish (4.4%), chub (3.3%) and tench (1.1%). Some species were not caught during sampling, but are present in the lake:
pike, bleak and carp. In November 2004, carps suffered a fish-plague. While the presence of allochthonous species such as catfish and
pumpkinseed sunfish is to be considered negative for the lake balance, the presence of perch is considered positive, because this fish
plays an important environmental role: it improves the quality of natural fish production and is a predator. The most numerous species is the
rudd.
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CATCHMENT AREA

LAND MANAGEMENT
Lake Caldonazzo is located in Valsugana, a valley in East Trentino. The lake is almost all surrounded by mountains, among which
Mount Marzola and the hill of Tenna. Forests and natural areas cover
most of the basin (58%). Agricultural areas cover 21% of the basin
territory. Urban areas and other artificial surfaces cover 10%. The
land use class of water bodies accounts for 11% of the basin and
includes lake Caldonazzo, its numerous tributaries and its emissary,
river Brenta. Wetlands cover about 1% of the total basin area.

Picture 1
Land use within the
catchment basin

ARTIFICIAL SURFACES
LAND USE

Artificial surfaces are made up mainly by urban areas and correspond to the area covered by the villages located within the lake basin. The villages Caldonazzo, Calceranica al Lago and some hamlets
within the Municipality of Pergine Valsugana (such as S.Cristoforo al
Lago and Valcanover) are located close to the lake shores, whereas
the villages Tenna and Ischia stand on the hill of Tenna, near the lake,
but not directly on its shores.
Industrial, commercial areas and transport account for about 20%
of all artificial surfaces. The land use class ‘artificial, non-agricultural
vegetated areas’ accounts for 12% of all artificial surfaces. There
are some sports and recreational facilities and about 50 hectares of
tourist campsites.

Picture 2

0%

12%

Subdivision of sub-classes
for the class “Artiﬁcial
surfaces” of the CLC

19%

69%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL COASTS

To assess this indicator, the artificial surfaces present within 15 metres from the shore have been considered. This area around the
lake stretches for about 0.18 km2 and, inside it, artificial surfaces
cover about 0.08 km2. 45% of shores are artificial; artificial surfaces
include transport infrastructure (both railway and roads), discontinuous urban fabric and some tourist campsites directly on the lake
shores.

Picture 3
Artiﬁcial coasts of
lake Caldonazzo
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FUNCTIONALITY INDEX OF THE LAKE SHORE ZONE (FILS)

The majority of stretches along the West shore of lake Caldonazzo
have a good functionality. Functionality worsens along the stretches
where there are campsites near the shore, beaches, lidos and marinas (e.g. Spiaggia degli Indiani, Punta delle Giare, Punta dei Pescatori).
The functionality of East shore stretches is poor: the main road interrupts shore vegetation, usually consisting of arboreal vegetation and
limited areas of cane thicket.
The northernmost stretch along the East shore of the lake is characterized by grassy vegetation, without any cane thickets and is
less complex than the stretches along the same shore characterized
by arboreal vegetation.
Along the North shore of the lake, where there is a wide cane thicket
considered provincial biotope, shore vegetation is characterized by
elophytes and hygrophilous arboreal species. The functionality of
this stretch is excellent.
Data collected on: 24/06/2004

Picture 4
Functionality
index of the lake
shore zone

IFP_Caldonazzo
IFP
excellent
good
fair
poor
very poor

POPULATION

The population living within the basin of lake Caldonazzo amounts to about
15,000 inhabitants. Resident population density is about 300 inhabitants/
Km2. The main villages within the basin are Caldonazzo and Calceranica al
Lago, but there are other urban areas around the lake, mainly hamlets and
small villages.
Lake Caldonazzo is an important tourist attraction: many activities can be
played in its waters, such as: surfing, sailing, canoeing, water-skiing and
fishing. About 500,000 tourists visit the lake every year, especially in summer.
The average daily tourist density is 29 inhabitants/Km2.
The ratio between tourist population and resident population is 0.1.
Tourism is a very important economic resource in the basin of lake Caldonazzo. Total population density, that is: permanent population plus temporary
population (tourists), is quite high, over 300 inhabitants/Km².
Population density

Inhabitants

Resident population
Tourist population
Total population
Tourists/ resident population ratio: 0.1

Picture 5
Total population
density (at municipality level)

Density
ab./km²
294
29
322

14.469
1.423
15.892

POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population within the basin of lake Caldonazzo is about
16,000 inhabitants; residents account for the largest part, whereas
tourists account for slightly less then 10% of the total population.
All the Municipalities around the lake have a strong vocation for tourism. Calceranica al Lago is the Municipality with the highest number
of tourists per year, slightly more then 260,000.
As for COD production, the potential load is 750 t/year, while the
BOD load is about 350 t/year. As for nutrients, calculated potential
loads are about 70 t/year of nitrogen and 11 t/year of phosphorus.

Potential loads
Population
Residents
Tourists
Total
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P.E.
14469
1423
15.892

COD
(t/y)
681
67
749

BOD
(t/y)
317
31
348

N
(t/y)
65
6
71

P
(t/y)
10
1
11

Picture 6
Total population (in
population equivalents)

Lake Caldonazzo
Lake Caldonazzo
INDUSTRY
INDUSTRIAL SECTORS

It has been calculated that within the basin of lake Caldonazzo there are about 64 industrial units and slightly more than 600 people
working in the industrial sectors considered.
Among the industrial sectors with a potential impact on water resources, within the basin of lake Caldonazzo the most represented
sector is ‘woodworking and wood products manufacturing’ with 16
industries employing about 70 people, followed by ‘plastic and plastic products manufacturing’ with 6 industries and about 300 employees, ‘N.E.C. machinery and equipment manufacturing’ with 3
factories and about 60 employees and ‘metalworking and metal products manufacturing’ with 15 industries and about 62 employees.
No factory discharges wastewater directly into the lake or into surface waters within the lake basin.

Nace code
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Total

SIC code
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
2
7
3
0
16
2
0
1
6
7
15
3
1
63

Number of employees
3
40
15
0
66
16
0
3
309
54
62
66
5
638

Numero di unità industriali e addetti (suddivisi per settore industriale)
INDUSTRIAL SITES AT RISK

There are no industrial sites at risk within the basin of lake Caldonazzo..

CONTAMINATED SITES

Within the basin of lake Caldonazzo there is a small contaminated
site: an area hosting a petrol station.

POTENTIAL INDUSTRIAL LOADS

Potential industrial nitrogen loads amount to about 6 tons per year.
Potential phosphorus loads amount to about 1 ton/year.
Within the basin of lake Caldonazzo, the Municipalities of Bosentino,
Centa S.Nicolò and Tenna have small potential industrial loads of
less than 10, expressed in population equivalents (P.E.). Calceranica
al Lago is the Municipality with the highest number of population
equivalents for industry (more than 4,000 population equivalents).

Picture 7
Potential industrial
loads

Potential loads
Industrial sector

P.E.
9.644

N (t/y)
6,4

P (t/y)
1,05
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COLLECTING AND WASTEWATER TREATMENT SYSTEM
WASTEWATER COLLECTION SYSTEM

The Municipalities within the basin have adopted a separate sewerage system: storm waters are collected and discharged into the lake,
whereas sewage water coming from the different areas is collected
in a single sewage collector around the lake, from where it goes to
the treatment plant located within the Municipality of Levico, outside
the lake catchment basin. The treatment plant discharges go into
river Brenta.

Urban wastewater collection
Final receiver:
- Levico treatment plant and then river Brenta

URBAN WASTEWATER TREATMENT

No treatment plant discharges into the surface waters of the basin of lake Caldonazzo. The wastewater treatment plant located within the
Municipality of Levico Terme treats both domestic and industrial wastewater collected within the basin of lake Caldonazzo. There are some
small Imhoff tanks discharging into the basin area, but they are irrelevant for the calculation of loads.
No nutrient loads coming from discharges by treatment plants, spillways or sewerage systems are present in the surface waters of the
basin of lake Caldonazzo.

AGRICULTURE AND ANIMAL FARMING
TYPE OF CROPS

Permanent crops, mainly apple orchards, are widespread within the
basin of lake Caldonazzo and account for about 60% of total agricultural areas. Pastures account for 22% of total agricultural areas;
arable land accounts for 6% and heterogeneous agricultural areas
for about 15%.

15%

6%

22%

57%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 8 – Subclass percentage in the CLC farming area
ANIMAL FARMING

In general, livestock farming is not a widespread activity within the
basin of lake Caldonazzo.
About 4,000 heads of poultry and rabbits are reared and about 40
horses bred. In terms of livestock units, the main contribution comes
from cattle breeding, with about 500 units.
Type
Cattle
Horses
Pigs
Sheep and goats
Poultry & rabbits
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Number of heads
497
40
8
151
4414

Livestock units
497
40
2
20
18

Picture 9
Animal density in
Livestock units/ha
(municipal level)

Lake Caldonazzo
Lake Caldonazzo
POTENTIAL LOADS FROM AGRICULTURE

The potential load of agriculture due to fertilizers was calculated using
some general coefficients. Coefficients for calculation were applied
to the four above-mentioned classes of agricultural areas.
Potential loads from agricultural activities amount to about 100 tons
per year of nitrogen and 36 tons per year of phosphorus.

Potential loads
Crop
Arable land
Permanent crops
Pasture
Horticulture
Total

Km²
0,59
5,97
2,27
1,55

N (t/y)
11,79
59,66
9,08
18,65
99,18

P (t/y)
2,36
17,90
6,81
8,55
35,61

POTENTIAL LOADS FROM ANIMAL FARMING

Within the basin of lake Caldonazzo, population equivalents from
animal farming are about 5,500, of which 4,500 are due to cattle
breeding and about 200 to poultry and rabbits rearing.
As for potential nitrogen loads, about 36 t/year are due to animal
farming. Theoretical phosphorus loads amount to 6 t/year.

Picture 10
Number of animals (in
Population Equivalents)

Potential loads
The polluting load of the 4 characteristic parameters has been calculated using general coefficients.
Type of farming
Cattle
Horses
Pigs
Poultry & Rabbits
Sheep & Goats
Total

COD
(t/a)
214
17,2
1,5
9,7
17,9
261

BOD
(t/a)
99,4
8
0,7
4,4
8,3
121

N
(t/a)
29,8
2,3
0,1
2,2
1,1
35,5

P
(t/a)
4,5
0,4
0,0
0,9
0,4
6,2

A.E.
4.539
365
33
202
379
5.518

WOODLANDS AND SEMI-NATURAL ENVIRONMENTS
USE OF LAND

Most of the natural areas are covered by forests (90%), mainly coniferous forests. The other two classes (shrubs and/or herbaceous
vegetation associations, and open spaces with little or no vegetation)
account for 6% and 4% of the total natural and semi-natural areas
respectively.

6%

4%

90%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

picture 11
Percentage of CLC subclasses for forests and semi-natural
environments.
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PROTECTED NATURAL AREAS

Only 0.5% of the basin of lake Caldonazzo is protected, 0.24 Km2
in total. Within the basin, there are 4 Sites of Community Importance
(SCI) that are protected areas defined by the Habitat Directive. One
of these, called ‘Alberè di Tenna’, is located near the village of Tenna. Another one, ‘Assizzi-Vignola’, is not entirely included within the
basin of lake Caldonazzo. The other two SCIs within the basin are
two cane thickets on the lake shores, considered Provincial Biotope
(‘Canneti di S.Cristoforo’). The Provincial Biotope ‘Canneto di Caldonazzo Brenta’ is on the opposite shore and is not a SCI.

Type
Parchi
SIC
ZPS
Altre aree

Number

Extension (km2)

4

0,24

2

0,11

Picture 12
Protected natural areas

WATER SECTOR
USI E BILANCIO DELLE ACQUE

1.25 Mm3 of water are abstracted every year from lake Caldonazzo
for irrigation. Lake water is not abstracted for other uses.

0%
0%

Prelievi per acqua ad uso pubblicoWater abstraction for
public use
Quantity of water abstracted (from the lake): 1.25 Mm3
Quantity of water per capita: l/inhab.

0%

100%
Irrigation
Energy production
Other uses

Other uses
Quantity of water abstracted (from the lake):
Use
Irrigation
Industrial use
Energy production
Potable use
Other uses
Total

0%

Industrial use
Public supply

Volume (Mm³/a)
1,25

Picture 13
Percentage of water abducted
according to uses (at basin level)

1,25

POTENTIAL AND RESIDUAL LOADS
Potential loads
18%

Picture 14

Balance of nutrients and other pollutants

Potential loads from
various sectors

Source

51%

Sector
Civil and household
Industrial
Animal farming
31%
Household emissions
Zootechnical emissions
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Industrial emissions

P.E.
15.892
9.644
5.518

COD
t/y
Civil sector
749
Industrial sector
n.c.
Agricultural sector
Animal farming sector 261
Total
1010

BOD
t/y
348
n.c.
121
469

Nitrogen
t/y
71,4
6,4
99,1
35,5
212,4

Phosphorus
t/y
10,5
1,1
35,6
6,2
53,4

Lake Caldonazzo
Lake Caldonazzo
Phosphorus balance
Point sources

Private
discharges

0 t P/a
WWTP

Industrial activities
1,1 t t P/a
Public collection system
Domestic sector
10,5 t t P/a

Outflows

0 t P/a
0 t P/a
0 t P/a

Out of basin deflection*

Private
discharges

0 t P/a

Diffuse sources
Natural load

0,9 t P/a

Agriculture and animal
farming
41,8 t t P/a

1,3 t P/a

* the load piped to the sewage system is collected outside the basin.

2,2 t P/a

Residual phosphorus loads
Application of theoretical coefficients
As shown in the diagram, the phosphorus input to the lake, estimated using coefficients, is about 2.2 t/y.
Monitoring data
According to the results of the 2003-04 monitoring of lake tributaries within the TREND project (involving P.A.T. - the Civil and Environmental
Engineering Department of the University of Trento and APPA-TN) 1.1 Kg/year of phosphorus have been estimated.
Application of OECD models
By using the load models proposed by OECD for deep lakes, the estimated annual phosphorus load is about 2.3 t/y.

Data
Morphometry
Hydrology and climatology

Land cover, land use
Population and tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system

Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water
Biological quality of water

Source
ISMA. 1997. Caratteristiche limnologiche dei laghi nel Trentino- Rapporto 1996, Istituto Agrario di S.Michele all’Adige
ISMA. 1998. Caratteristiche limnologiche dei laghi nel Trentino- Rapporto 1997, Istituto Agrario di S.Michele all’Adige
ISMA. 2000. Caratteristiche limnologiche dei laghi nel Trentino- Rapporto 1998, Istituto Agrario di S.Michele all’Adige
Dipartimento di Ingegneria Civile e Ambientale, Università degli Studi di Trento, Dipartimento Urbanistica e Ambiente PAT,
APPA-TN, 2005, relazione finale tecnica del Progetto TREND - Modello di bilancio idrologico e valutazione dei nutrienti
gravanti sul Lago di Caldonazzo, Trento
Piano Urbanistico Provinciale (PUP), anni 2005-2006 - Servizio Urbanistica e Tutela del Paesaggio - Provincia Autono
ma di Trento
Servizio Statistica - Provincia Autonoma di Trento, 2005
ISTAT - 8° Censimento generale dell’industria e dei servizi (2001)
Provincia Autonoma di Trento - Anagrafe dei Siti Contaminati
Piano di Tutela delle Acque, Provincia Autonoma di Trento, 2004. (deliberazione di Giunta n. 3233 d.d. 30 dicembre
2004 e successivi aggiornamenti)
Provincia Autonoma di Trento - Servizio Opere Igienico-Sanitarie (SOIS)
ISTAT - 5° Censimento dell’Agricoltura (2000)
ISTAT - 5° Censimento dell’Agricoltura (2000)
SIAT, PUP (2005-2006)
Provincia Autonoma di Trento - Servizio Utilizzazione Acque Pubbliche
Provincia Autonoma di Trento - U.O. Prevenzione Ambientale dell’Azienda Provinciale per i Servizi Sanitari (2006, 2007)
Agenzia Provinciale Protezione Ambiente (APPA)
Agenzia Provinciale Protezione Ambiente (APPA)
Benthic fauna:
Maiolini B. et al. 2006. Rapporto finale ‘Benthic macroinvertebrates community as ecological indicator of
lake status in the Trentine lakes of Alplakes project’, MTSN, Trento
Dalfreddo C. & Maiolini B. 2003. Popolamento malacologico di alcuni laghi trentini a confronto 70 anni dopo, Studi Trent.
Sci. Nat., Acta Biol., 80(2003): 175-177, Trento
Ichtic fauna: Provincia Autonoma di Trento - Servizio Foreste e Fauna
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Lake Santa Croce has glacial origins, and is the largest natural lake in
the province of Belluno and the second largest in the region of Veneto.
Between 1926 and 1928 it was artificialized with the building of an
earth dam on its northern shore, in the vicinity of its natural emissary,
the Rai, an incoming stream. Since then, the lake has been exploited
to produce hydro-electric power.
Lake Santa Croce is an important tourism destination in the region of
Veneto, especially for the many sports activities practiced here, such
as sailing, windsurfing and canoeing. Sports fishing is also very popular, with fishermen coming from all over the country to catch whitefish
and other prized species, as well as carp.

Geographical position

Italy
Veneto
Treviso, Belluno
9 municipalities
φ=46°06’37’’ λ=12°20’24’’
Lake catchment

Country
Region
Province
Municipalities
Geographical coordinates
of the lake centre

Main characteristics of the catchment area

Surface area
Maximum altitude
Average altitude
Principal tributaries
Main emissary

154
2472
1036
Tesa, Runal, Valda
Rai

km²
m s.l.m.
m
m3/s
m3/s

Main characteristics of the lake

Surface area
Area ratio of basin/lake area
Perimeter
Lake quota
Maximum depth
Average depth
Volume
Water renewal time

7.05
21.84
14.76
386
41
13
89,6
0,092

km²
km
km
m s.l.m.
m
m
M m3
years

250

20
18

200

16
14

150

12
10

100

8
6

50

4
2

0

Stations
Supervisory body
Municipality
Period of meas
Ave. temperature

0
Jan

Feb

March Avril

May

Rainfall (1996-2006)
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Mean Temperature (°C)

Mean rainfall (mm/month)

Temperature and rainfall

June

July

Aug

Sept

Oct

Nov

Temperature (1996-2006)

Dec

Period of meas
Ave. temperature

Torch – San Martino d’Alpago – Col Indes
ARPAV
Pieve d’Alpago – Chies d’Alpago – Tambre
1996-2006
Media aritmetica: 8,9 °C
Media riferita a quota media bacino 8,0 °C
1996-2006
Media aritmetica: 1598,2 mm
Media pesata 1604,2 mm

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
to
Weighted average concentrations - layer 0 to
30 m
Station :

Max depth

2004

2003

1994

Trophic state classification
Mesotrophic

100
90
80
70
60
50
40
30
20
10
0
2002

MEI Index-Theoretical natural level
18.1 µg P/l
of Tot. Phosphorus :

Total Phosphorus winter concentration (µg/l)

2001

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

2000

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

8
2
0.9
0.5
0.02

1999

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO3
Ammonium NH4

1998

µS/cm

1997

425
8.2
2.7
3.9
3.6
56.8
15.3
4.0
0.7

1996

16/05/06

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

1995

Date :

Year 2006

Transparency
Annual average transparency
Minimal transparency
Maximal transparency

Chlorophyll a in the euphotic layer

2.0 m
1.8 m
2.3 m

16/05/06
28/08/06

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
0

2

4

6

8

10

28/08/06

1.8 µg/l
2.7 µg/l

Phytoplankton (0-20 m)
12

14

16

18

20

22

24

100

0
Peridinee
Coniugatophyceae
Euglenophyceae
Desmidiaceae
Xanthophyceae
Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae
Cryptophyceae
Diatomophyceae

5
80

15
20
25
30

Temp. stratif. (°C)

35

O2 stratif. (mg/l)

Biomass in %

Depth (m)

10

60

40

40
NOTE: Due to the draining of the reservoir in the spring-summer period , the
summer sampling doesn't show a real stratification.

Mixing sample
Stratification sample

Aug-2004

20

0
July-01

Sept-02

Aug-03

Aug-04

Description of the lake’s water quality

© Lake di Santa Croce - Provincia di Belluno

In 2006 the lake’s environmental status proved sufficient, with
average concentrations of P (calculated during the previous fiveyear period) between 20 and 30 µg/l and for 2006 slightly higher
than 10 µg/l (mesotrophic state). An overall improvement has
been under way, with expectations of achieving the quality goals
set for 2015.
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

In the north-eastern area of the lake, in the locality of Sbarai, between the mouths of the streams Tesa Vecchio and Tesa, is a wetland area,
identified as a nature oasis, and characterized by the presence of a large area overgrown with canes. This area is a preferred site for the
reproduction of Ciprinide species linked to this type of substrate for laying their eggs and the subsequent weaning of fry.
BENTHIC INVERTEBRATE FAUNA

The bottom dwelling benthos in Lake Santa Croce comprises prevalently Diptera of the Chironomidae family, bivalves of the genus Pisidium and
Oligochaete of the Tubiﬁcidae, Lumbriculidae and Naididae families.
The lakeshore benthos has been studied over the entire perimeter of the lake. From the point of view of its biodiversity, it has proved excellent, comprising 12 groups of fauna (Ephemeroptera, Trichoptera, Coleopter, Odonatis, Diptera, Crustaceans, Heteroptera, Gastropods, Bivalves, Irudineo, Oligochaete and Acarus), among which is that of the Gastropods, which diversifies into all of 8 different genus.

MAIN USES
BATHING
120

Trend (1998-2006)

Three are 3 control sites for controlling the lake’s status for public
bathing, maintained unvaried between 1996 and 2006.
Based on results obtained over 11 years of monitoring, the lake
has always been completely or partly fit for swimming, except for
2005. Data for 2006 confirm this excellent trend, placing all three
monitoring sites within the limitations foreseen by legislation on public bathing.

100
80
60
40
20
0

'96

'97 '98

'99 '00

'01 '02

'03 '04

'05 '06

Siti campionati

3

3

3

3

3

3

3

3

3

3

Siti conformi

3

2

3

2

3

2

3

3

3

0

3

0

100

%

100 67 100 67 100 67 100 100 100

3

Picture 1 - Trends on water quality for public bathing.

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

The lake’s water is not used for drinking or human consumption.

ICHTHYOFAUNA AND FISHING

The catchment basin of Alpago, comprising Lake Santa Croce, is currently licensed out for fishing. The latter is classified as a Ciprinide
area.
The two main fish species in the lake are perch and whitefish, especially appreciated by sports fishermen, along with carp, brown trout,
chub, eel, roach, tench, rudd, blay, savetta, common barbel, crucian carp and pike. In total, 15 different species are currently censused in
the lake.
Only sports fishing is allowed, the season ranging throughout the year, with the exception of December and January.
The lake’s current licensee is the ‘Alpago ’ fishing basin no.7, numbering just under 500 associated members. It is also possible to access
the basin with a one-day or several day fishing permit.
In 2004 total fishing outings on the lake numbered 6350, with 20,420 declared catches, corresponding to an average per outing of more
than 3 specimens. The species most fished are the perch and whitefish, with over 18,000 catches for the former and over 1600 for the latter.
Catches of pike are also notable, reaching nearly 500 specimens over the same period. Finally, authorities also report a discrete number of
catches of brown trout and carp.
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CATCHMENT AREA

LAND MANAGEMENT
Il lago Santa Croce è situato nella parte sud-orientale della Provincia
di Belluno. Il territorio è caratterizzato dalla prevalenze di aree forestali
e seminaturali (79,6 %) mentre le aree agricole sono situate nelle valli
principali (13,4 %); delle aree restanti, il 2,3 % è conteggiato per le
aree artificiali e il 4,7 % per i corpi idrici. Nell’area del bacino del Lago
di Santa Croce non ci sono zone umide.

Picture 2
Land use in the Lake Santa
Croce water basin

ARTIFICIAL SURFACES
LAND USE

Artificial areas occupy only 2.3% of the entire lake basin. These
areas are situated mainly along the lake’s shoreline. These surfaces
are dominated by urban structures (83%), with deposits and construction sites (17%). Other classes are non-existent.

17%

0%

0%

Picture 3

83%

Percentage
of each CLC
subclass
of artiﬁcial
surfaces.

Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL SHORELINE

In the evaluation of this indicator, a detailed aerial view was used
to visualize urbanized areas. A shore is considered artificial when
urban surfaces can be found within a range of 15 meters from the
shore. The perimeter of Lake Santa Croce is around 14,700 m, and
the artificial shoreline (coloured in red in the figure) amounts to just
over 30% of the total length. Residential dwellings can be found in
built-up areas, villages or tourism areas, and piers.

Picture 4
Artiﬁcial shoreline
around Lake Santa
Croce
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POPULATION DENSITY

Picture 5

The resident population of the Lake Santa Croce basin numbers
8213 inhabitants. The resident population density is approximately
55 inhabitants/km², while the population density in the region of Veneto is around 244 inhab./km². The tourism population is estimated
at 723 units (average daily value); the period of greatest affluence for
tourism is the summer. The ratio between tourists and the resident
population is about 1 to 10. The total population density, both permanent and temporary, is about 60 inhab./km². The total population
exercises a pressure of 8936 equivalent inhabitants.
Population density

Inhabitants

Total population
density by municipality

Density
inhab./km²
55.2
4.9
60.1

Resident population
8213
Tourism population
723
Total population
8936
Ratio between tourists and resident population: 0.09

POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population of the Lake Santa Croce basin is 8936 inhabitants, of which 8213 are permanent residents and 723 are tourists.
Only two municipalities (Farra d’Alpago and Puos d’Alpago) have
a total population exceeding 2000 inhabitants. Potential COD loads are equal to approximately 420 t/year, whereas BOD loads are
around 195 t/year. Regarding nutrients, potential loads for nitrogen
are estimated at approximately 40 t/year and 6 t/year for phosphorus.

Potential loads
Population
Resident pop.
Tourism pop.
Total

E.I.
8213
723
8936

COD
(t/y)
387
34
421

BOD
(t/y)
180
16
196

N
(t/y)
37
3.2
40

Picture 6
Total population in
equivalent inhabitants

P
(t/y)
5.4
0.5
5.9

INDUSTRY
TYPES OF INDUSTRY

The Lake Santa Croce basin comprises 80 industrial units which
employ 756 people. The majority of industrial units and employees
are located in the lake area. The main sectors present are the metals
and alloys sector, the wood processing sector and the manufacturing of wood products. Currently, very little information is available on
industrial waste water receptors*.
* The number of industrial units and employees is calculated based
on the procedure outlined in the WP5, proportionally to the artificial
surfaces of each municipality present within the lake’s basin.

NACE codes
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00
Totale

SIC codes
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
1
8
16
1
19
0
0
1
2
3
21
7
1
80

Number of employees
11
61
205
3
110
0
0
47
25
8
129
150
7
756

Number of industrial units and employees (subdivided by industrial sector)
HIGH-RISK INDUSTRIAL SITES

There are no high-risk industrial sites in the lake area.
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CONTAMINATED SITES

Only one contaminated site is present in the Lake Santa Croce catchment basin, and it is situated in the Locality of Busa de le Serle, at Chies
d’Alpago. The site’s extension is around 651 m2 and the type of pollution is from hydrocarbons.

POTENTIAL INDUSTRIAL LOADS

Some municipalities belong to the basin of Lake Santa Croce for
only a part of their total surface area. For this reason, potential loads
are estimated in proportion to the effective area of the municipalities
within the basin and the distribution of the population. Total industrial
loads for the basin of Lake Santa Croce are equal to 9820 E.I., of
which 6779 units are attributable to Pieve d’Alpago. Total potential
loads for nitrogen are estimated at 7.5 t/yr and 0.6 t/yr for phosphorus.

Municipality
Belluno
Chies d’Alpago
Farra d’Alpago
Pieve d’Alpago
Ponte nelle Alpi
Puos d’Alpago
Tambre
Fregona
Vittorio Veneto
Total

E.I.
0
149
1.391
6.779
8
1.101
392
0
0
9.820

N (t/y)
0
0,35
0,53
5.56
0,05
0,78
0,29
0
0
7,56

P (t/y)
0
0.10
0,16
0,07
0,01
0,14
0,11
0
0
0,59

SEWAGE SYSTEM AND WASTE WATER TREATMENT
WASTE WATER COLLECTION SYSTEM

Waste water collection system

No detailed information is currently available on this basin. There are
approximately 56 km of mixed sewage pipes, and around 0.64 km
of separate sewage pipes. The majority of the sewage network is
situated in the urban areas, which are in the vicinity of Lake Santa
Croce.
13 overflow drainages are located in the basin area, but no detailed
information is available regarding the amount of water discharged.
Over 80% of the basin’s population is connected to the public sewage system.
The industrial component connected to the sewage system is estimated in an increase of 10% over the total population.

Mixed sewage network:
- Km of mixed sewage pipes: 56 km.
- Inhabitants connected: no information available.
Separate sewage network:
- Km of mixed sewage pipes: 0.64 km (0.32 km of black sewage,
0.32 km of white sewage).
- Inhabitants connected: no information available.
Spillways:
- 13 overflow drains distributed throughout the basin area.
Industrial components:
- Estimated at 10% of the total population
(WP5 methodology)

TREATMENT OF URBAN SEWAGE WATER

There are no waste water treatment plants in the lake basin area,
but there are 30 Imhoff tanks which together treat water for 7619
equivalent inhabitants.
Approximately 15% of the total population discharges its waste waters without any treatment directly into the area’s superficial waters.

Picture 7
Localization of
treatment plants
and Imhoff tanks.

Information on a scale comprising the lake basin.
Types of water treatment:
Typology
T. primary
T. secondary
T. tertiary
Imhoff tanks

Number of installations
0
0
0
30

E.I.treatment

End collector:
- Tesa stream: 7 installations (1289 e.i.)
- Borsoi stream: 4 installations (850 e.i.)
- Other bodies of water: 19 installations (5480 e.i.)

0
7619

Parameter
Total removal efficiency of plants on a
basin scale (estimated using theoretical BOD5
factors):
COD

Removal efficiency
66,5 %
59,7 %

Nitrogen

n.a.

Phosphorus

n.a.
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AGRICULTURE AND ANIMAL HUSBANDRY
TYPES OF CULTIVATIONS

The majority of the basin area is occupied by forested areas. For this
reason, agricultural areas represent just 13.4% of the entire basin;
96% of these areas are pastureland and 4% are sowable lands.

0%

4%

0%

Picture 8
Percentage of each
CLC subclass
of agricultural areas.

96%
Seminativi

Colture permanenti

Prati stabili

Aree agricole eterogenee

USE OF PESTICIDES

No information is available on the use of pesticides.
AGRICULTURAL AREAS USING SUSTAINABLE
METHODOLOGIES

Picture 9
Agricultural areas in the basin amount to 13.4%, of which 14.6% are
cultivated using sustainable methodologies, specifically in the municipalities of Tambre (40% SAU) and Farra d’Alpago (21% SAU).

Percentage of SAUs
cultivated using sustainable methodologies.

ANIMAL HUSBANDRY

Information on animal husbandry refers to the “Agriculture Census
2000”. In general, the number of animal heads is not high in the Lake
Santa Croce basin area. The figure shows the density of heads of
livestock (expressed as the number of heads per hectare of surface area). Municipalities with the highest values for this indicator are
Puos d’Alpago and Pieve d’Alpago. The majority of breeding animals
are, in order: cattle, sheep and goats.
Worthy of note is the presence of the “Aalpagota sheep” an endemism specific to this area.

Type
Cattle
Horses
Pigs
Sheep-goats
Birds and rabbits
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Number of heads
1134
74
52
1294
22,596

Equivalent livestock
1134
74
10
173
90

Picture 10
Density of the number
of equivalent animal
heads/hectare by municipality
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POTENTIAL LOADS FROM AGRICULTURE

Using generic coefficients, potential loads have been calculated on
the use of agricultural fertilizers. The generic contribution has been
applied to the four classes of the Corine Land Cover project identified below. A subsequent detailed evaluation was conducted through an analysis of orthophotos and on-site visits to agricultural areas
situated in the basin catchment area.

Potential loads based on the Corine Land Cover study:
Cultivation
Sowable land
Permanent cultivated land
Pastureland
Hybrid agricultural areas
Total

Km2
2.98
2.88
18.77
9.27
33.90

N (t/y)
59.60
28.75
75.08
111.24
274.67

P (t/y)
11.92
8.63
56.31
50.98
127.84

Potential loads based on a detailed evalutation:
Cultivation
Sowable land
Permanent cultivated land
Pastureland
Hybrid agricultural areas
Total

Km2
0.85
19.10
0.00
19.95

N (t/y)
21.35
76.41
0.01
97.77

P (t/y)
3.85
76.41
0.00
80.26

POTENTIAL LOADS FROM ANIMAL HUSBANDRY

In the lake basin area there are only two municipalities whose values
expressed in equivalent inhabitants (E.I.) for loads deriving from animal husbandry are greater than 3000 (Tambre with 4409 and Chies
d’Alpago with 3009).

Type of breeding
Cattle
Horses
Pigs
Birds/rabbits
Sheep/goats
Total

COD
(t/y)
488.0
31.8
10.1
49.7
153.0
732.6

BOD
(t/y)
227.0
14.8
4.7
22.6
71.2
340.3

N
(t/y)
68.0
4.3
0.8
11.3
9.1
93.5

P
(t/y)
10.2
0.7
0.2
4.5
3.6
19.2

Picture 11
Number of animals (in
Equivalent Inhabitants)

E.I.
10,356
676
214
1032
3250
15,527

NATURAL AND SEMI-NATURAL AREAS

LAND USE

The majority of the natural terrain is occupied by forested land (73%);
shrubby and/or grassy vegetation makes up 9%, and open spaces
with scarce or non-existent vegetation 18%.

Picture 12
18%
9%

Percentage of each
CLC subclass of
forested and seminatural areas

73%

Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation
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PROTECTED AREAS

Around 18.9% of the basin area is occupied by protected areas, for
a total of 28.2 km².
The entire surface of the lake is inserted in an SCI.

Type
Parks
SCI
ZPS and SCI
International conv.

Number
2
2
-

Picture 13
Protected areas

Extension (km²)
8.5
19.7
-

WATER CAPTATION
WATER ABSTRACTION

Water captations in Lake Mis are exclusively for hydro-electric purposes.
There is a single captation point on the lake, for hydro-electric usage.
976.67 Mm³ are derived from the lake. This is the average value
for the past five years (2002-2006), and is the balance between
the water withdrawn and water re-pumped into the lake at night.
This quantity of water is used by the hydro-electric power plants
at Fadalto, Nove, S. Floriano, Castelletto, Caneva and Livenza, the
latter situated outside the basin of the river Piave. No information is
available on water gathered for irrigation purposes.

Other type of water usage.
Captation point on the lake:
Locality

Volume
(Mm³)
976.67

Farra d’Alpago

Type of use conceded
Hydro-electric

Amount of water gathered:
Type of use
Irrigation
Industrial use
Energy cooling
Hydro-electric use
Water supply
Other uses
Total

Volume (Mm³)

976.67

976.67

0%

0%

0%

0%

0%

100%
Irrigazione
Raffreddamento energetico
Approvvigionamento idrico

Uso industriale
Uso idroelettrico
Altri utilizzi

Picture 14
Percentage of water gathered subdivided by type of use.
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Lake Santa
Croce
Lake Santa
Croce
EFFECTIVE AND RESIDUAL LOADS
Potential loads
26%

Picture 14

Nutrients and pollutants (potential loads)

Potential loads from
different sectors

Source

45%

29%

Household emissions
Zootechnical emissions

Sector
E.I.
Civil and domestic 8936
Industry
9820
Animal husbandry 15,527

COD
t/y
Domestic sector
421
Industrial sector
n.a.
Agricultural sector
Animal husbandry sector 732
Total

BOD5
t/y
196
n.a.
340

Nitrogen
t/y
40.0
7.5
97.8
93.5
238.8

Phosphorus
t/y
5.9
0.6
80.3
19.2
106.0

Industrial emissions

Phosphorus
Punctiform sources
Direct
drainage

- t P/y
WWTP

Industrial activities
0.6 t P/yr
Public waste
collection
service
Domestic sector
5.9 t P/yr

Spillways

4,8 t P/y
0,26 t P/y
1,3 t P/y

Diversion out-side basin*

Direct
drainage

- t P/y

Scattered sources
Natural load

2,7 t P/y

Agriculture and animal
husbandry 99.5 t P/yr

3,7 t P/y

Residual loads of phosphorus
Application of theoretical coefficients
As evidenced by the above diagram, using coefficients the estimated contribution of phosphorus to the lake is 12.76 t/yr.

12,76 t P/y

Application of OECD models
Low water levels due to hydro-electrical drainage do not allow for the application of the model for this type of lake.

Data
Aerial mapping
Pictures
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture

Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water
Biological quality of water

Source

dati ENEL e provincia di Belluno
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Corine Land Cover, 2000
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Camera di Commercio della Provincia di Belluno
SIRAV - Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
SIRAV - Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Servizio idrico Integrato
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Corine Land Cover, 2000
ISTAT - 5° Censimento dell’Agricoltura (2000)
Sustainable farming area: Ispettorato Regionale dell’Agricoltura di Belluno
ISTAT - 5° Censimento dell’Agricoltura (2000)
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Dati ENEL
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Provincia di Belluno
Provincia di Belluno
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Lake Misurina
Lake Misurina

Lake catchment

© Lake Misurina - Provincia di Belluno

Lake Misurina is a natural lake. The magnificent surrounding mountain scenery (Sorapis, the Three Summits of Lavaredo and the Gruppo
del Cristallo) make of Lake Misurina one of the most important tourist
attractions in the area of the Dolomites, above all for sports activities
in the lake basin area, such as skiing, hiking and mountain climbing.
For years now, Lake Misurina has held a popular international polo
tournament on ice, and is also especially appreciated by sports fishing
enthusiasts for Arctic char, which reproduce naturally in the lake’s cool
waters.

Geographical position

State
Region
Province
Municipalities
Geographical coordinates
at the centre of the lake

Italy
Veneto
Belluno
1 Municipality
φ=46°34’56’’ λ=12°15’18’’

Main characteristics of the catchment area

5,5
2733
2070
Ansiei
Ansiei

km²
m s.l.m.
m
m3/s
m3/s
Temperature and rainfall

Surface area
Area ratio of basin/lake area
Perimeter
Lake quota
Maximum depth
Average depth
Volume
Water renewal time

0,1722
9.87
2,65
1745
4,8
1,7
0,3
-

km²
km
km
m s.l.m.
m
m
M m3
anni

Mean rainfall (mm/month)

Main characteristics of the lake

180

14

160

12

140

10
8

120

6

100

4

80

2

60

0

40

-2

20

-4

0

-6

Jan

Feb

March Avril

May

Rainfall (1996-2006)

Stations
Supervisory body
Municipality
Period of measure
Ave. temperature
Period of measure
Ave. precipitation
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June

July

Aug

Sept

Oct

Nov

Dec

Temperature (1996-2006)

Misurina
Apparato direttivo Comune ARPAV
Auronzo di Cadore
1996-2006
Media aritmetica 3,2 °C
riferita a quota media di bacino 1,4 °C
1996-2006
Media 1099,7 mm

Mean Temperature (°C)

Surface area
Maximum altitude
Average altitude
Confluent
Effluent

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 toto
Station : Max depth
Date : 14/06/06
µS/cm

m

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO3
Ammonium NH4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

7
<2
0.1
0.1
0.02

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)

20

15

MEI Index-Theoretical natural level
33.9 µg P/l
of Tot. Phosphorus :

10

5

Trophic state classification
Oligotrophic

2004

2003

2002

2000

0
2001

253
8.8
2.4
1.8
4.5
29.5
13.0
3.2
0.4

Conductivity (25°C)
pH
Alkalinity
Silice SiO2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

4.5

Year 2006

Transparency
Annual average transparency
Minimal transparency
Maximal transparency

14/06/06
26/07/06

Chlorophyll a in the euphotic layer

3.7 m
3.0 m
4.5 m

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
0.0

2.0

4.0

6.0

Phytoplankton (0-20 m)
8.0

10.0

12.0

14.0

16.0

18.0

0

2

Temp. mixing (°C)
Temp. stratif. (°C)
O2 mixing (mg/l)
O2 stratif. (mg/l)

80
Biomass in %

Depth (m)

1.5

Peridinee
Coniugatophyceae
Euglenophyceae
Desmidiaceae

100

0.5
1

14/06/06

3.1 µg/l
5.0 µg/l

2.5
3

Xanthophyceae
Cyanophyceae
Dinophyceae
Chlorophyceae

60

40

Chrysophyceae
Cryptophyceae
Diatomophyceae

3.5
4

20

4.5
5

0

Mixing sample
Stratification sample

Aug-97

Sept-97

26/09/97
20/08/97

© Lake Misurina - Provincia di Belluno

Description of the lake’s water quality
In 2006 the lake’s environmental status proved good, with
average concentrations of P (calculated during the five-year
period 2002 – 2006) of 8.7 µg/l (oligotrophic state). It is sufficient to maintain the current situation to achieve the quality
goals set for 2015.
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ALTRI PARAMETRI BIOLOGICI
MACROPHYTES

A study conducted on aquatic macrophytes in Lake Misurina shows a serious lack of equilibrium in its plant life, due to the overabundant
presence of Elodea canadensis, covering nearly 70% of the lake’s surface area. The table below lists the seven plant species present and
their respective coverage, expressed both as a percentage and in square metres.
SPECIES
Cladophora sp.
Carex sp.
Caltha palustris
Chara sp.
Elodea canadensis
Potamogeton perfoliatus
Eriophorum angustifolium
TOTAL
a +: present

% coverage
8.2
10.3
1.1
7.3
69.4
3.4
+
99.7

coverage in m²
7863.8
9877.7
1054.9
7000.7
66,554.6
3260.6
n.a.
95,612.3

To contain the organic contribution deriving from the macrophytic biomass produced, controlled mowing operations are carried out during
the course of the year using a special boat that cuts and stows.
BENTHONIC INVERTEBRATE FAUNA

The lakeshore benthos comprises 11 different orders and 27 taxa. Among these, those most represented are the Diptera of the Chironomidae family and the gastropods of the genus Gyraulus and Valvata. Also of note in this good biodiversity are the presence of three varieties of
plecopterans, which are notoriously considered the most sensitive to environmental trauma.
Among the bottom dwelling benthos are just three taxa, one of which belongs to the order of the Diptera, of the Chironomidae family, representing 33.7% of the total fauna, while the other two belong to the order of the oligochaete, represented by the Tubiﬁcidae and Haplotaxidae
families. The Tubificidae represent 65.2% of the total fauna.

USI MAIN USES
BATHING

Lake Misurina is not fit for swimming.
WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

The lake’s water is not used for drinking or human consumption.

ICHTHYOFAUNA AND FISHING

The Ansiei basin, including Lake Misurina, is currently licensed out for fishing. The lake is classified as a salmon area, the predominant species being brown trout and Arctic char, along with rare graylings.
Only sports fishing is allowed, the season ranging from May to September.
The lake’s current licensee is the ‘Ansiei’ fishing basin no. 2, numbering around a hundred associated members, in addition to one-day or
several day fishing permits granted, which calculated as daily outings amount to over 2000 outings per year.
In 2004 total fishing outings on the lake numbered 254, with 392 declared catches, corresponding to an average per outing of almost 2
specimens. The species most fished is the brown trout, although discrete catches are reported of Arctic char, which were introduced in
1990 and have adapted perfectly to the cold waters of the lake, reproducing naturally.
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Lake Misurina
Lake Misurina
CATCHMENT AREA

LAND USE
Lake Misurina is a small body of water situated in the northern area
of the province of Belluno. The territory is almost totally forested, including natural areas (94.7%), and small patches of agricultural land
(pastureland only, 0.7%). Its bodies of water represent around 3.2%
of the total area, while artificial areas make up approximately 1.5 %.

Picture 1
Land use in the Lake
Misurina water basin.

ARTIFICIAL SURFACES
LAND USE

Artificial surfaces occupy only 1.5% of the entire water basin. Lake
Misurina is surrounded by urban structures only (hotels and other
residences).

Picture 2
0%
0% 0%

Percentage
of each CLC
subclass
of artiﬁcial
surfaces

100%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas
ARTIFICIAL SHORELINE

A detailed aerial view was used in the evaluation of this indicator,
so as to visualize urbanized areas. A shore is considered artificial
if the urban surfaces are located within an area of 15 metres from
the lake’s shore. The total length of shoreline around Lake Misurina
is over 2600 m, and the artificial shoreline (coloured in red in the
figure) exceeds 16% of the total length. This area includes hotels
and residential buildings.

Picture 3
Artiﬁcial shoreline around
Lake Misurina.
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POPULATION DENSITY

The total population of Lake Misurina numbers 80 inhabitants. The
population density is approximately 15 inhabitants/km², while the
population density in the region of Veneto is around 244 inhabitants/
km2. The tourism population is estimated at 19 units (average daily
value); the periods of greatest affluence for tourism are the summer
and winter. The ratio between tourism and the resident population
is close to 1 to 3.

Population density

Individuals

Picture 4
Total population density by municipality

Density
inhab./km2
11.1
3.5
14.6

Resident population
61
Tourism population
19
Total population
80
Ratio between tourists and resident population: 0.31.

POTENTIAL LOADS FROM THE CIVILIAN SECTOR

Misurina is a district of Auronzo di Cadore. The total population of
Misurina is 80 inhabitants, of which 61 are residents and 19 are
average daily tourists. Potential COD loads are equal to approximately 4 t/year, whereas BOD5 loads are around 2 t/year. Regarding
nutrients, potential loads for nitrogen are estimated at approximately
0.4 t/year and 0.05 t/year for phosphorus.

Potential loads
Population

p.E.

Resident pop.
Tourism pop.
Total

61
19
80

COD
(t/y)
2.87
0.89
3.77

BOD
(t/y)
1.34
0.42
1.75

N
(t/y)
0.27
0.09
0.36

Picture 5
Total population in
equivalent inhabitants.

P
(t/y)
0.04
0.01
0.05

INDUSTRY
TYPES OF INDUSTRY

There are no industrial sites in the Lake Misurina basin.
HIGH-RISK INDUSTRIAL SITES

There are no high-risk industrial sites in the area of the Lake Misurina basin.

CONTAMINATED SITES

There are no contaminated sites in the Lake Misurina basin.
POTENTIAL INDUSTRIAL LOADS

There are no theoretical loads originating from industry, since there are no industrial sites in the Lake Misurina basin.
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Lake Misurina
SEWAGE SYSTEM AND WASTE WATER TREATMENT
WASTE WATER COLLECTION SYSTEM

The totality of urban waste water is collected outside the basin.

TREATMENT OF URBAN SEWAGE WATER

There are no waste water treatment installations in the lake basin.
The water purification installation at Auronzo di Cadore – Misurina
is outside the basin’s area. This installation treats civilian sewage
waters, and in terms of equivalent population treats 700 equivalent
inhabitants. The typology of treatment is secondary treatment.

Picture 6
Waste water
treatment
installations by
municipality.

Waste water treatment installations
(expressed in equiv. inhab.)

AGRICULTURE AND ANIMAL HUSBANDRY
TYPES OF CULTIVATIONS

0%

The terrain is mountainous, and the area is almost totally occupied
by forest cover. For this reason, the Lake Misurina basin has a low
percentage (1.3%) of agricultural areas, identified as meadows and
pasture.

0%

0%

100%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 7
Percentage of each CLC
subclass of agricultural areas.

USE OF PESTICIDES

As no sowable and permanent cultivated lands exist in the basin area, it is presumable that the area is free of pesticides for agricultural
purposes.
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AGRICULTURAL AREAS USING SUSTAINABLE METHODOLOGIES

There are no cultivated areas in the Lake Misurina basin.

ANIMAL HUSBANDRY

Data on animal husbandry refer to the “Agriculture Census 2000”. Generally speaking, animal husbandry is absent in the Lake Misurina
basin. However, two alpine grazing pastures (Rin Bianco e Misurina) are populated by livestock during the summer months, as well as the
pastureland in the catchment area.

POTENTIAL LOADS FROM AGRICULTURE

Using generic coefficients, potential loads have been calculated on
the use of agricultural fertilizers. The generic contribution has been
applied to the four classes of the Corine Land Cover project identified. Potential loads are limited to pastureland areas.

Potential loads based on Corine Land Cover
Cultivation
Km2
Sowable land
0
Permanent cultivated land
0
Pastureland
0.04
Hybrid agricultural areas
0
Total
0.04

N (t/yr)
0
0
0.143
0
0.143

P (t/yr)
0
0
0.107
0
0.107

POTENTIAL LOADS FROM ANIMAL HUSBANDRY

The summer alpine grazing pastures of Rin Bianco and Misurina do not result in significant theoretical loads from animal husbandry, and as
such they can be considered nil.

NATURAL AND SEMI-NATURAL AREAS
LAND MANAGEMENT

The majority of the natural terrain is occupied by forested land (49%),
the other two classes amount to 11% for shrubby and/or grassy
vegetation and 40% for open spaces with scarce or non-existent
vegetation.

40%
49%

Picture 11
Percentage of each
CLC subclass of
forested and seminatural areas.

11%

Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation
PROTECTED AREAS

12.4% of the basin’s area is occupied by protected areas. Only one
Site of Community Importance (SCI) exists: “Lago Misurina” covering
0.68 km².
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Picture 12
Protected areas.

Lake Misurina
Lake Misurina
WATER SECTOR
Ice coverage on Lake Misurina

ICE COVERAGE
no. days/year with ice coverage

no. days with total surface area covered in ice

182

172

180

166

160

137

140
no. days/year

For Lake Misurina, no useful information was found regarding ice
coverage for a significant historical period. For the past two years,
a web-cam has been installed and produces daily photographs;
analysis of these photos has allowed researchers to extrapolate data
on the formation and coverage of ice over the lake’s surface for this
brief period. This data has been confirmed by the direct observations recorded by the hotelkeeper of the “Quinz” inn situated on the
shores of the lake*.

200

120
100
80
60
40
20

* Data has been extrapolated by analysing webcam photographs from the company Media
Performance of Cortina d’Ampezzo, kindly provided by Mr. Bergonzoni. This data is confirmed
by the direct observations of Mr. Andreas Quinz, hotelkeeper and proprietor of the Quinz inn on
the shores of Lake Misurina.

0
2005/2006

years

2006/2007

Picture 13
Ice coverage for Lake

EFFECTIVE AND RESIDUAL LOADS
Potential loads
0%

0%

Picture 14

Nutrients and pollutants (potential

Potential loads from
different sectors

Source

Sector
Civil and domestic
Industry
Animal husbandry

Civil sector
Industrial sector
Agricultural sector
Animal husbandry sector
Total

E. I.
80
0
0

COD
t/year
3.77
0

BOD5
t/year
1.75
0

0

0

Nitrogen
t/year
0.36
0
0.14
0
0.50

Phosphorus
t/year
0.05
0
0.11
0
0.16

100%
Household emissions
Zootechnical emissions

Industrial emissions

Phosphorus
Punctiform sources

Private
drains

0 t P/y
WWTP

Industrial activities
0 t P/y
Public waste
collection
service
Domestic sector
0,05 t P/y
Scattered sources

Spillways

0 t P/y
0 t P/y
0 t P/y

Private
drains

Diversion out-side basin

Natural load

Agriculture and animal
husbandry 0,11 t P/y

0 t P/y

0,108 t P/y

0,004 t P/y

0,112 t P/y

Residual loads of phosphorus
Application of theoretical coefficients
As evidenced by the above diagram, using coefficients the estimated contribution of phosphorus to the lake is 0.112 t/yr.
Application of OECD models
A lack of available data on water renewal times does not allow for the application of the model for Lake Misurina.
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Data
Morphometry
Hydrology and climatology
Land cover, land use
Population
Tourism
Industry
Industrial sites at risk
Contaminated sites
Collecting and wastewater treatment system
Agriculture

Land farming
Natural areas
Water uses
Bathing
Biological quality of water
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Source
dati ENEL e provincia di Belluno
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Corine Land Cover, 2000
ISTAT - 14° Censimento della popolazione e delle abitazioni (2001)
Camera di Commercio della Provincia di Belluno
SIRAV - Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
SIRAV - Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Servizio idrico Integrato
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Corine Land Cover, 2000
ISTAT - 5° Censimento dell’Agricoltura (2000)
Sustainable farming area: Ispettorato Regionale dell’Agricoltura di Belluno
ISTAT - 5° Censimento dell’Agricoltura (2000)
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Dati ENEL
Agenzia Regionale Protezione Ambiente del Veneto (ARPAV)
Chemical and physical quality of water Provincia di Belluno
Provincia di Belluno

© Copyright: Photograph by Julia Lorber. 2005.

Lake Millstätter
Lake MillstätterSee
See

Geographical position

State
Region
Province
Municipalities
Geographical Coordinates
of the lake centre (WGS82)

Austria
Carinthia
13 municipalities
long. 13,338736’ lat. 45,139792’

The Millstätter See is the second largest lake in Austrian southern province of Carinthia. The lake is named after the town Millstätt situated in
the middle of the northern shore. The name Millstätt derives from “mille
statuae”, because legend has it that Domitian countersunk thousand
pagan statues in the lake. Millstätt is one of the most historic and culturally important places on the lake. The image of Millstatt is on the one
side characterised by the old “Habsburg Villas“ - built between 1875
and 1910 - and on the other side by the Benedictine monastery from
the 11th century and the Cloister from the 12”’ century. Because the
Millstätter See is placed in the national park of the mountain range
“Nockberge”, hiking is an important tourist attraction. In summer other
popular leisure activities in the region are swimming, diving, surfing,
fishing, rowing, cycling on the newly designed 28 km long bike trail
around the lake or on the mountains, golf, tennis, paragliding, running,
Nordic walking and horse riding. Private speedboats are forbidden to
limit the environmental damage and hazard to swimmers. Winter sports
are ice skating, German curling, cross-country skiing, sledging and of
course skiing.
The increasing population density and the booming tourism at the lakeside caused eutrophication phenomena like large algal blooms in the
1950’s and 1960’s The building of wastewater treatment plants and a
sewage water system that receives all the effluents and delivers them
to the “Seebach”, the emissary of Millstätter See, improved the water
quality of the lake.
Lake catchment

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

Döbriacher Riegerbach
Millstätter Seebach

284,5
2300
900
3,2
5,09

km²
m s.l.m.
m
m³/s
m³/s

Main characteristics of the lake

Surface
Ratio catchment area/lake area
Perimeter
Average altitude
Maximal Depth
Average Depth
Volume
Water change time

13,3
21,4
26
588
141
88,6
1.204,6
7,5

km²
km
m s.l.m.
m
m
M m3
years

Temperature and rainfall

Station
Source
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall

Millstatt
HD Kärnten
Millstatt
591 m a.s.l.
1999 - 2007
9,7 °C
1996 - 2007
908 mm
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LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 31/05/05
Station : deepest point
µS/cm

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO3
Ammonium NH4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

Year 2005

m
23.0
16.7
n.a.
0.2
0.0

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)

80
70
60
50

MEI Index-Theoretic natural level
8.3 µg P/l
of Tot. Phosphorus :

40
30
20
10

Trophic state classification
oligotrophic (meromictic)

2005

2004

2003

2002

2001

2000

1999

1997

0
1998

167
7.5
1.7
2.7
2.2
n.a.
n.a.
n.a.
n.a.

Conductivity (25°C)
pH
Alkalinity
Silice SiO2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

140

Transparency
Chlorophyll a in the euphotic layer

6.8 m
6.0 m
8.3 m

02/03/05
31/10/05

Annual average concentration
Maximal concentration

4
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Temp. mixing (°C)
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O2 mixing (mg/l)
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Temp. stratif. (°C)
O2 stratif. (mg/l)

Mixing sample 02/03/05
Stratification sample 31/05/05
The great depth and the wind protected basin of the lake cause its special meromictic circulation behaviour. The monimolimnion of Lake Millstätter See is characterised by the lack of
oxygen and the accumulation of nutrients. In the early 1970s
the increasing number of overnight stays in the catchment
area and consequent increasing sewage discharge caused
eutrophication problems and algae blooms. To solve the eutrophication problems politicians decided to build sewer systems and wastewater treatment plants to stop the influx of
house sewage into the lake. As a response to the applied
remediation measures (1978) the phytoplankton biomass decreased after a short time period. However, the decrease was
short-lived and the phytoplankton biomass rose up again.
This increase is a consequence of the meromictic circulation
behaviour of the lake. For the period of 1981 to 1998 the
spring and autumn circulations reached down to a maximum
depth of 80 m. So the hypolimnetic water body reached from
80 m down to 140 m and the lack of oxygen caused resuspension of phosphorous from the bottom of the lake.

Biomass in mg/m3

Depth (m)

Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae
Cryptophyceae
Diatomophyceae

8000

30
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

In the year 2002 the hydrophytes of the lake were studied according to the requirements of the WFD (Water Framework Directive). The used
method was a combination of GPS (sonar) supported investigation of bottom structure and estimation of plants dominance by diving through
defined sections of the litoral zone. 23 species could be determined. Three species belonged to the cane brakes, one to the floating leave
plants and 19 species to the submerged vegetation. Two species are worth mentioning: Litorella uniﬂora, which is in Austria endangered and
Najas ﬂexilis, which is a new detection for Austria. Within the reeds Phragmites australis dominated with 90%. The only floating leave plant was
Nuphra lutea. The main species of the submerged vegetation was Elodea nuttallii (38%), Chara globularis (24%), Myriophyllum spicatum (19%). All other
species did not amount more than 5% of the total vegetation biomass.
The submerged hydrophytes extended from 5 to 9 meters depth. The higher submersed plants dominated the aquatic vegetation of Lake
Millstätter See with 72 %. The share in Characaea is 27% and only 1 % is represented by the floating leaves and reeds vegetation.
BENTHIC INVERTEBRATE FAUNA

No available information

MAIN USES
BATHING

11 sites of Lake Millstätter See are monitored yearly in order to
check the compliance with the national law (Bathing Hygiene Law
BGBl 658/1996) and with the Bathing Water Directive 76/160/EC.
Bathing has always been allowed in the lake. There has been no
exceeding of the limits over the last 10 years.
Important for bathing are faultless hygienic conditions of the lake
(free from faecal coliform bacteria). During bathing season, the bathing sites are regularly checked to ensure a good hygienic quality
of the water.

Bathing water quality (2005)
Total number of monitored sites: 11
Number of site where bathing is allowed: 11
Number of site where bathing is forbidden: 0

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

Regarding the water abstracted for public use, there are no water
plugs on the Lake Millstätter See.
There is one plug for industrial use (fish farming) and one plug
that abstracts water for other uses. The amount of abstracted lake
water is 0.22 Mm³/y. Since the main tributary (Döbriacher Riegerbach) brings 100.9 Mm³/y the water abstraction from the lake
doesn’t affect any component of the ecosystem.

Other water use
Abstraction point on the lake:
Location
Millstatt
Radenthein
Total

Volume (Mm³)
0.14
0.06
0.22

Typology of granted use
Industrial
Other use

FISH AND FISHING

Today the main species of Lake Millstätter See are whitefish (Coregonus lavaretus), pike (Esox
lucius) and perch (Perca ﬂuviatilis). Whitefish of short stature from Lake Hallstätter See (Austria) were stocked for the first time in 1925 into the lake. Whitefish of big stature from Northern Germany were stocked since the early beginning of the 1970s. Today this fish has
a yearly yield of 2 t. The species weigh up to 3 kg. Every autumn an international angling
competition for whitefish takes place. The lake trout (Salmo trutta f. lacustris) is the origin
salmon species of Lake Millstätter See. In Austria this species is called alpine salmon
(NERESHEIMER & RUTTNER 1928). During the First World War it was the main used fish
of Lake Millstätter See. The decrease of the population seemed to be connected to the
discharge of sewage water from the magnesite plant of Radenthein. Since 1950 efforts
to establish char (Salvelinus alpinus) are made in order to use the deeper regions of the lake.
The fishes for stocking were taken from Lake Grundelsee (Austira), but they did not succeed. Nowadays fishes (whitefish, lake trout and char) of fish hatcheries that are used to
the lake are stocked. The burbot (Lota lota) has disappeared between 1970 und 1980. The
perch of the lake are from big stature (1 kg). Within the fish dominance perch rank third.
Particularly the reproduction of this species is very good, which is due to the fact, that
perch become sexual mature after one year. In Spring 1989 a pope (ruffe) (Gymnocephalus
cernua) was catched for the first time. It is supposed that this species were introduced with
the stocking of perch (perca ﬂuviatilis) from France in the year 1987 (HONSIG-ERLENBURG
& SCHULZ 1989). Lake Millstätter See is divided into 18 authorisations for fishery, which
are called “Lake Feud”.

Fish species:
Aal [eel] (Anguilla anguilla)
Aitel (Leuciscus cephalus)
Bachsaibling [prook trout] (Salvelinus fontinalis)
Barbe [barb] (barbus barbus)
Barsch[perch] (Perca ﬂuviatilis)
Bitterling [bitterling] (Rhodeus sericeus amarus)
Gründling [gudgeon] (gobio gobio)
Hecht [pike] (Esox lucius)
Karpfen [carp] (Cyprinus carpio)
Kaulbarsch [pope, ruffe] (gymnocephalus cernua)
Laube, Steinfischerl [bleak] (Alburnus alburnus)
Reinanke, Maräne [whitefish] (Coregonus lavaretus)
Regenbogenforelle [rainbow trout] (Oncorhynchus mykiss)
Rotauge [roach] (Rutilus rutilus)
Rotfeder [rudd] (Scardinius erythrophthalmus)
Schleie [tench] (Tinca tinca)
Seeforelle [lake trout] (Salmo trutta f. lacustris)
Seesaibling [char] (Salvelinus alpinus)
Wels [catfish] (Silurus glanis)
Zander [zander] (Sander lucioperca)
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CATCHMENT AREA

SOIL MANAGEMENT
Lake Millstätter See is located in the mountainous area of Carinthia,
north of the River Drau. The average altitude of the catchment area
lies between 800 and 1,000 m a.s.l. According to the mountainous
landscape, forest and semi-natural areas occupy 78% of the basin,
while agricultural areas cover 12% of the land. Water bodies (5%)
and wetlands (0,2%) together account for 5,2%, whereas artificial
surfaces cover 5% of the catchment area. Close to the north-eastern boarder of this basin there are 2 small wetlands.

Figure 1
Land use

ARTIFICIAL SURFACES
LAND USE

The artificial surfaces account for 5% of the whole catchment area.
These areas are mainly located close to the lake shoreline and dominated by urban fabric (56%) and industrial, commercial and transport
units (38%). Only 5% of the artificial surfaces is qualified as artificial,
non agricultural vegetated area. The class of mines, dumps and
construction sites takes 1%.

1% 5%

38%

56%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

Figure 2
Percentage of artiﬁcial surface CLC subclasses

ARTIFICIAL SHORELINE

The shoreline of Lake Millstätter See is 26 km long and the artificial
shoreline (16 km) (marked in red in the picture) accounts for about
62% of the total length. Most part of the artificial shoreline is covered
by towns, tourist facilities, residential buildings, roads and marinas.

Figure 3
Artiﬁcial shoreline
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POPULATION

The resident population in the catchment area of Lake Millstätter See is about
19,190 people. At municipality level (including all municipalities which are partly within the lake basin), the number of residents increases to about 48,512
people. The population density is 68 inhab./km². The evaluated yearly number of tourists in the catchment area is 5,722. The maximal tourist presence
is recorded during summer. The average tourism density is about 20 inhab./
km². The ratio between tourists and population is 1 to 3. The total - permanent and temporary - population density calculated for the catchment area is
about 88 inhab./km². This total population generates a theoretical pressure
of 24,912 P.E.
Urban density

Number

Resident population
Tourist population
Total population
Ratio of tourists to resident population: 0.3

19,190
5,722
24,912

Figure 4
Total population density
(municipal level)

Density
ab./km²
68
20
88

POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population of Lake Millstätter See basin is approximately
24,912 people, divided into 19,190 residents and 5,722 tourists.
The biggest city is Spittal, located on the south-west end, close to
Lake Millstätter See, with more than 15,000 P.E. The other towns and
villages have between 1,000 and 6,000 residents.
Regarding the potential loadings from households within the catchment area of Lake Millstätter See, the chemical oxygen demand
(COD) is about 1,174 t/y and the biological oxygen demand (BOD) is
approximately 546 t/y. Referring to the nutrient loadings, the evaluated values are 112 t/y for nitrogen and 17 t/y for phosphorus.
Theoretical loads
Population
Resident p.
Tourist p.
Total

P.E.
19,190
5,722
24,912

COD
(t/y)
904
270
1,174

BOD
(t/y)
421
125
546

N
(t/y)
86
26
112

Figure 5
Total Population
(in Population Equivalents)

P
(t/y)
13
4
17
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INDUSTRY
TYPOLOGY OF INDUSTRY

In the catchment area of Lake Millstätter See there are 50 industrial units with 1,249 employed people. The greatest number of
people (662) is employed in manufacturing companies falling into
the category of other non-metallic mineral products, whereas food
production comes second with 125 employees. Manufactures of
leather and leather product have 172 employees and 101 people
are employed in manufactures of machinery and equipment. At the
moment, the discharge of the industrial units is collected and treated
in waste water treatment plants together with the discharge from
households. The water from public purification stations is directed
to the River Drau. Therefore no purified water goes into the lake.
In compliance with the regional legislation, no discharge or purified
water is allowed to go into the lake.

NACE codes
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
DM. 0.00

SIC codes
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
2
11
6
2
6
2
0
0
0
5
12
4
0

Number of employees
6
125
40
172
25
18
0
16
15
662
70
101
0

Number of industrial units and employees (broken down by industrial sector)

INDUSTRIAL SITES AT RISK

It is to mention that industrial units are conforming to the requirements of the Seveso Directives. In case of catastrophe (extreme flood
water) it is not expected that these facilities will change the chemical situation of surface water. There is no facility in the catchment of Lake
Millstätter See that deals with dangerous substances.
CONTAMINATED SITES

Within the catchment area of Lake Millstätter See, three Suspected
Contamination Sites (SCS) are known. The total extension of the
contaminated sites is 0.3 km². One site contains domestic and bulky
waste, one demolition rubble and one hazardous waste.

Municipality
Bad Kleinkirchheim
Feld am See

Number of sites
1
2
3

POTENTIAL LOADS FROM INDUSTRY

The total evaluated theoretical loadings from industry in the catchment area of Lake Millstätter See expressed as population equivalent (P.E.) is about 24’335. This is half the resident population of the
area. Therefore nearly 56% of waste water is contributed by industry.
Referring to the nutrients, the evaluated theoretical load of nitrogen is
12 t/y and that of phosphorus is about 9.3 t/y.
Total loadings from industry:
P (t/y)
9.3
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N (t/y)
12

P. E.
24’335

Figure 6
Potential industrial loads
expressed in P.E.

Extension
Type of contamination
(km²)
0.002
Domestic, bulky waste
0.324 Demolition rubble, hazardous waste
0.326
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SEWAGE SYSTEM AND WASTE WATER TREATMENT PLANTS
WASTE WATER COLLECTION SYSTEM

The actual length of the sewage network is not available, because
different authorities are responsible for the maintenance of the system. However, the large number of collected and served people
is an indication of the high degree of waste water treatment in this
area. 77% of the residential population at municipal level is connected to WWTPs. The remaining 5,580 inhabitants are served by
1,220 single leaching cesspools or small purification plants.
Waste water collection system (at municipial level)
Combined sewage system:
- Km of sewerage: information not available
- Collected people: 36,865
Separated sewage system:
- Km of sewerage: information not available
- Collected people: 7,550

Final receiver:
- WWTP: 44,415 P.E.
- Water body: the treated waste water is directed to the rivers
- Drau, Glan and Kremsbach - and not to the lake.
- There are 1,220 single leaching cesspools or small sewage
plants in the area; this water as well comes finally to a WWTP.
Overflows:
- Concerning overflows: all sewers are connected to WWTPs. An
overflow can occur only in case of a flood.

URBAN WASTE WATER TREATMENT

The waste water from the catchment area of Lake Millstätter See is served by 5 waste water treatment plants (WWTP). These plants take
both civil and industrial waste water. The waste water from industry is expressed as P.E. (Population Equivalent) and brings a theoretical
load of 74,000 P.E. Together with the load from collected people (162,367) an effective treated capacity of 247,117 P.E. is reached. The
designed capacity of the 5 treatment plants is 371,000 P.E. Additionally there are 1,220 small private sewage systems that treat the waste
water of 5,581 P.E.
According to national legal requirements, waste water treatment plants with a capacity of over 1,000 P.E. have to reduce the influent loads,
with a removal efficiency of about 95% for BOD and 85% for COD. From a capacity of more than 5,000 P.E. a further reduction of nitrogen
is required with a removal efficiency of 70% and the content of phosphor in the effluent must not exceed 1 mg/l.
No effluent water is directed into the lake. Waste water from leaching cesspools is drained to tanks and finally treated in WWTPs.
In general, the loads coming from WWTPs represent the civil and industrial sector. Only in some cases industrial facilities need their own
purification stations according to the National Water Law. In Carinthia, most of waste water from households and industry is treated together.
In Carinthia, an overflow occurs only in case of heavy rainstorms. In this event, the water retention pond of the purification station is flooded
to its full capacity.
Capacity of waste water treatment plants
Information at basin scale

Figure 7
Localisation of WWTPs

Number of plants: 5 WWTPs and 1,220 leaching cesspools or small
purification stations
Effective treated capacity: 247,117 P.E. by WWTPs and 5,581 P.E.
by leaching cesspools or small purification stations
Treatment typology:

Typology
Primary t.
Secondary t.
Tertiary t.

Number of plants
1
4

Final receiver:
- lake: no discharges in lake
- other surface waters: 5 plants (247,117 P.E.)
Removal efficiency:

Parameter

(assessed by monitoring

BOD

data):

COD

97.5

Nitrogen

53.6

Phosphorus

88.1

Removal efficiency (%)
93.5
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AGRICULTURE AND ZOOTECHNY
TYPOLOGY OF CULTIVATIONS

In total, the agricultural surface takes up 12% of the catchment area.
The breakdown of this surface is 57% pastures, 20% heterogeneous
agricultural areas, 23% arable land and less than 1% is permanent
crops.

Figure 8

23%

20%

Typology of
cultivations

0%

57%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area
PESTICIDE USE

In Carinthia, the application of pesticides is regulated by the Chemicals Act. The farmers have to keep an account of pesticide use. In case
of inspection by the provincial department for Agriculture they have to present detailed reports on amount and time of pesticide application.
However, there is no common statistics about the use of pesticides.
AREA UNDER SUSTAINABLE AGRICULTURAL
PRACTICES

Figure 9
The total area used for agriculture is 33 km², 15% of which is under agro-environment measures. Such surfaces are nearly equally
spread around the catchment area.

Percentage of UAA
under agro-environment
measures

ANIMAL FARMING

In Lake Millstätter See, animal farming is generally carried out in small
and medium enterprises (SMEs). The map shows the animal density
(expressed as cattle equivalent in term of phosphorus contribution).
Most of the animal farms are small, mainly dealing with cattle, sheep
and goats and pigs.
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Figure 10
Animal density in cattle
equivalent (municipal level)
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POTENTIAL LOADS FROM AGRICULTURE

Using some general coefficients (generic contributions) the potential
loads from agriculture due to fertilizers have been calculated. The
generic contributions have been applied to the four CLC classes
identified above. As a result, nitrogen is estimated to be 5 t/y and
phosphorus 2 t/y.

Potential loads
Population
Sowable land
Permanent crops
Pasture
Market garden
Total

Km²
7.6
0.02
18.7
6.7

N (t/y)
152
0,200
74.8
80.4
307.4

P (t/y)
30.4
0.060
56.1
36.80
123.41

POTENTIAL LOADS FROM ANIMAL FARMING

In the catchment area there are 4 municipalities in which the value of
P.E. (Population Equivalent) from zootechny is higher than 10,000. In
general, the total P.E. from animal farming amounts to nearly 90,000
P.E. This comes up to more than 4 times the catchment resident
population. Within the catchment area there are only small farms.
Dung and liquid manure are stored separated from domestic waste
water. These substances are then brought back to nature on those
surfaces that are used for the production of animal feed. In case a
certain amount is exceeded, the disposal of liquid manure and dung
is subject to authorisation according to the National Water Law.

Figure 11
Number of animals
(in Population Equivalents)

Potential loads
Livestock
typology
Cattle
Horses
Pigs
Poultry and rabbits
Sheep and goats
Total

COD
(t/y)
3,713
150
258
10
340
4471

BOD
(t/y)
1,727
70
120
5
158
2,080

N
(t/y)
518
20
20
2
20
580

P
(t/y)
78
3
6
1
8
96

P.E.

L.U.

72,800
2,942
5,060
198
6,665
87,665

8,636
349
267
19
383
9,654

NATURAL AND SEMI-NATURAL AREAS
LAND USE

Most of the land is covered by different types of forests (66%).
The remaining 34% of natural and semi-natural land represents the
upper areas of the mountainous region.

0%
34%

66%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Figure 12
Percentage of forest and seminatural area CLC subclasses
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NATURAL AREAS

37.5% of the catchment area is designated as protected landscape. There are 7 regional parks (landscape protected areas). One
of these sites is designated as Special Protected Area (SPA) (Bird
Directive). The protected areas together cover a surface of 106 km²
and at municipality level this amounts to 233 km². As there are some
protected areas close to the lake, the lake shows a protected shoreline of 11.65 km (45% of Lake Millstätter See shoreline).

Figure 13
Protected regulated areas

WATER
WATER ABSTRACTION

In the whole catchment area (including the lake), the abstraction of
water for public supply amounts to 1.13 Mm³ and together with water abstraction for irrigation, industry and other use the total comes
up to 1.66 Mm³/y, i.e. an amount of water per capita of approx. 183
l/inhab. To this respect, it is necessary to underline that the amounts
considered are the granted ones (in general, the actual water abstracted is less then the granted value).
The abstraction of the above said 1.66 Mm³/y of water in the catchment area is done by means of wells, water catchments and plugs
from the lake:
9% for industrial use (but not for energy cooling), 19% for irrigation1,
68% for public supply and 4% for other use.

Amount of water abstracted (at catchment scale):
Typology of use
Irrigation
Industrial use
Energy cooling
Public supply
Other uses
Total

Volume (Mm3)
0.31
0.16
0
1.13
0.06
1.66

4%

Figure 14
Percentage of water
abstracted per use

19%
10%

1) As there is no data available for irrigation, we calculated the amount of water with the help of
data published by the Austrian Ministry of Live.

0%
67%
Irrigation
Energy production
Other uses
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POTENTIAL AND EFFECTIVE LOADINGS
Potential loadings

Figure 15

Nutrients and pollutants balance

Potential loads from
different sectors

Source

18%

18%

Class
Household emissions
Industries emissions
Zootechny emissions

64%
Household emissions
Zootechnical emissions

Industrial emissions

I.E.
24912
24335
87665

Household sector
Industrial sector
Agricultural sector
Agroozoothecnical sector
Total

COD
t/a
1.174
n.a.
4.472
5.646

BOD
t/a
546
n.a.
2.080
2.626

Nitrogen
t/a
112
12
307
580
1011

Phosporus
t/a
16
9
123
96
244

Phosphorus detailed
Point source
? t P/y

IWW
WWTPs

Industrial activites
9 t P/y
Public sewer
system
Domestic sector
16 t P/y

Overflows

0 t P/y
0 t P/y
0 t P/y

Individual
treatment

Out of catchment *
? t P/y

Diffuse source
Background

5 t P/y

Agriculture and zootechny
219 t P/y

6,6 t P/y

11.6 t P/y

* the sewage water system brings out of the basin the treated load from WWTPs
Effective P loadings
Theoretical Coefficient application
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of 11,6 t/y.
Monitoring data
Data are not available at the moment
Loads from OECD models
Using the equation indicated for deep lakes, the external phosphorus load on the lake was estimated at 14,8 t/y.
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Lake Ossiacher See

Geographical position

State
Region
Province
Municipalities
Geographical Coordinates
of the lake centre (WGS84)

Austria
Carinthia
13 Municipalities
long. 13,33905’ lat. 45,139792’

The Ossiacher See is the third largest and shallowest (max depth 52
m) of the bigger Carinthian lakes in the south of Austria. The lake is named after the settlement Ossiach situated on the southern shore. The
town is famous for its former Benedictine abbey (founded before 1028,
closed 1783, the oldest in Carinthia) with a late Gothic colonnade basilica. Since 1969 it is the location for the Carinthian Summer Festival,
an annual music festival.
Besides all kind of water sports like swimming, kayak, rowing, sailing,
diving, surfing and water skiing, the region around the Ossiacher See
is qualified for alpine sports like hiking and mountain biking for example
on the lake’s landmark mountain Gerlitzen en (1.909 m). The top of
the mountain can also be reached via a cableway from Annenheim, a
settlement at the lake’s northwestern shore.
Another popular tourist trip is to the castle ruin Landskron, located at
the southwestern end of the lake. Other annual events are the Villacher
Kirchtag, a big custom event with an amusement park, traditional Carinthian food and product stands and traditional music and dancing,
the us-car meeting in Ossiach and an international rowing regatta at
the Ossiacher See.
The increasing population density and the booming tourism at the lakeside caused eutrophication phenomena like large algal blooms in the
1950’s and 1960’s The building of wastewater treatment plants and a
sewage water system that receives all the effluents and delivers them
to the stream Ossiacher Seebach, emissary of the lake, improved the
quality of the lake water.

Lake catchment

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

Tiebel
Ossiacher Seebach

163
1.800
700
1,8
3,32

km²
m a.s.l.
m
m³/s
m³/s

Main characteristics of the lake

Surface
Ratio catchment area/lake area
Perimeter
Average altitude
Maximal Depth
Average Depth
Volume
Water change time

10,8
15
25
501
52,6
19,9
206,3
1,8

km²
km
m a.s.l.
m
m
M m3
anni

Temperature and rainfall

Station
Source
Municipalitie
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall
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Bleistätter Moor
HD Kärnten
Feldkirchen
510 m a.s.l.
1996 - 2007
8,5 °C
1996 - 2007
936 mm

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 30/03/05
Station : deepest point
µS/cm

m

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO3
Ammonium NH4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

10.9
2.3
n.a.
0.5
0.004

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)
80
70
60
50
40

MEI Index-Theoretic natural level
14.7 µg P/l
of Tot. Phosphorus :

30
20
10

Trophic state classification
oligo- to mesotrophic

2005

2004

2003

2002

2001

2000

1999

1998

1996

0
1997

237
7.6
2.3
5.1
4.3
n.a.
n.a.
n.a.
n.a.

Conductivity (25°C)
pH
Alkalinity
Silice SiO2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

45

Year 2005

Transparency
Annual average transparency
Minimal transparency
Maximal transparency

Chlorophyll a in the euphotic layer

5.1 m
3.7 m
6.5 m

29/08/05
01/06/05

Annual average concentration
Maximal concentration

Temperature - Oxygen curves
0

2

4

6

8

10

12

--/--/--

Phytoplankton (0-20 m)
14

16

18

20

22

24

Desmidiaceae
Diverse species

26

0

30

Temp. mixing (°C)

35

O2 mixing (mg/l)

40

Temp. stratif. (°C)
O2 stratif. (mg/l)

Mixing sample 31/03/05
Stratification sample 28/09/05

29/0
9/05

25

Cryptophyceae
Diatomophyceae

01/0
6/05

20

05

15

Biomass in mg/m3

Depth (m)

10

Cyanophyceae
Dinophyceae
Chlorophyceae
Chrysophyceae

1000
900
800
700
600
500
400
300
200
100
0
31/0
3/20

5

45

n.a. µg/l
n.a. µg/l

© Copyright: Photograph by Julia Lorber. 2005.

The lake is divided by a swell into two basins. The maximum
depth of the smaller eastern part (3,9 km²) is 10 m and of
the larger western part (6,9 km²) is 52 m. The main tributary
is the River Tiebel, that enters the lake at the east end runs
through a swampy area (6 km²) – Bleistätter Moor. In the past
the moor was drained for agricultural purposes. The development of tourism in the catchment area of Lake Ossiacher See
showed an increase from 100 000 overnight stands a year in
the 1950s to 2 Mill. over the past years. This led to a massive
increase of house sewage lake influx and as a consequence
the Lake showed eutrophication phenomena. The first available data are from 1931. Since 1970 a continuous monitoring
program exists. In addition the lake has been an object of the
OECD - Lake Restoration Project from 1974 to 1978. After
great investments in collecting and deviating the sewage from
the lake a re-oligotrophication process started and today the
lake is classified between an oligo- and mesotrophic condition. During summer the temperature of the lake can reach
more than 25 °C.
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

During the last two centuries 25 species of hydrophytes from 13 families were described for Lake Ossiacher See (Schulz et al. 2003). All
these species are documented in the herbal archive of Carinthia. The first document from 1800th describes the appearance of Nymphea
candida and Myriophyllum verticillatumin the lake, which are missing today. In the last 20 years only 7 species from the originally 25 were found.
Recently no explicit botanical collection was done but we compared air photographs of different decades and recognized a rapid loss of
Trapa natans and Nymphea sp. in the eastern basin of the lake. In the 1950th these species covered big parts of the lake´s surface and in only
10 years almost all plants disappeared. The deterioration seemed to be connected to the use of herbicides in the polder.
BENTHIC INVERTEBRATE FAUNA

No available information

MAIN USES
BATHING

6 sites of Lake Ossiacher See are monitored yearly in order to
check the compliance with the national law (Bathing Hygiene Law
BGBl 658/1996) and with the Bathing Water Directive 76/160/EC.
Bathing has always been allowed in the lake. There has been no
exceeding of the limits over the last 10 years.
Important for bathing are faultless hygienic conditions of the lake
(free from faecal coliform bacteria). During bathing season, the bathing sites are regularly checked to ensure a good hygienic quality
of the water.

Bathing water quality (2005)
Total number of monitored sites: 6
Number of site where bathing is allowed: 6
Number of site where bathing is forbidden: 0

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

Regarding the water abstracted for public use, there are no water
plugs on the Lake Ossiacher See.
There are two plugs for energy cooling and one plug abstracts
water for other use. The amount of abstracted lake water is 1.36
Mm³/y. Since the main tributary (Tiebel) brings 56.8 Mm³/y the
water abstraction from the lake doesn’t impact any component of
the ecosystem.

Other water use.
Abstraction point on the lake:
Location
Ossiach
Ossiach
Steindorf
Total

Volume
(Mm³)
0.19
1.04
0.13
1.36

Typology of granted use
Energy cooling
Other use
Energy cooling

FISH AND FISHING

The main fish of Lake Ossiacher See is the bream (Abramis abramis). The stock of roach (Rutilus
rutilus) seems to be over aged, only big fish are found. The catch statistic for pike (Esox lucius)
shows a decrease. This decrease seems to be connected to the decrease of Macrophytes
in the shallower eastern part of the lake. Therefore the pike misses suitable spawning conditions and forage fish. 1982 whitefish (Coregonus lavaretus) were stocked again after a failure
in the early 1900th. After a while this species made 10% of the total fish crop. The crop for
rainbow trout (Oncorhynchus mykiss) and lake trout (Salmo trutta f. lacustris) is according to the high
summer temperature of the lake extremely low. Carps get stocked for angling purposes
and they show no natural reproduction. The bleak (Alburnus alburnus) built an important part as
nutrient for catfish (Silurus glanis) and decreased to a small stock. One reason for the decrease
of bleak might be the introduction of zebra mussel (Dreissena polymorpha), which contributes to
the avoidance of spawning grounds (FARKAS & OLSACHER 1998). In the year 2000 a new
biotope (5 ha) was built up (near the outflow in the western part of the lake). First investigations showed, that this area were used form roach, rudd, perch, bleak, pike and catfish as
spawning- and living place. We can assume that this shallow water biotope will have positive
impact to the fish population of Lake Ossiacher See.
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21 fish species:
Aal [eel] (Anguilla anguilla)
Aitel (Leuciscus cephalus)
Aalrutte [burbot] (Anguilla Anguilla)
Barbe [barb] (barbus barbus)
Barsch [perch] (Perca ﬂuviatilis)
Brachse [bream] (Abramis brama)
Güster [white bream] (Abramis björnka)
Hecht [pike] (Esox lucius)
Karpfen [carp] (Cyprinus carpio)
Karausche [crucian carp] (Carassius carassius)
Laube, Steinfischerl [bleak] (Alburnus alburnus)
Reinanke, Maräne [whitefish] (Coregonus lavaretus)
Regenbogenforelle [rainbow trout] (Oncorhynchus mykiss)
Rotauge [roach] (Rutilus rutilus)
Rotfeder [rudd] (Scardinius erythrophthalmus)
Schleie [tench] (Tinca tinca)
Seeforelle [lake trout] (Salmo trutta f. lacustris)
Sonnenbarsch [pumpkinseed] (Lepomis gibbosus)
Wels [catfish] (Silurus glanis)
Zander [zander] (Sander lucioperca)
Zährte (Vimba vimba)

Lake Ossiacher
See
Lake Ossiacher See
CATCHMENT AREA

SOIL MANAGEMENT
Lake Ossiacher See is located in the mountainous area of Carinthia
north of the River Drau. The average altitude of the catchment territory is about 700 m a.s.l. According to the mountainous landscape,
forest and semi-natural areas occupy 60% of the basin, while agricultural areas cover 25% of the land. Water bodies account for 7%
of the surface. The artificial surfaces reach 8% of this catchment
area. Wetlands are almost not existing in this area.

Figure 1
Land use

ARTIFICIAL SURFACES
LAND USE

The artificial surfaces account for 8% of the whole catchment area.
These areas are mainly located close to the lake shoreline and dominated by urban fabrics (59%) and industrial, commercial and transport units (36%). Only 5% of the artificial surfaces is qualified as
artificial, non agricultural vegetated area. The class of mines, dumps
and construction sites takes less then 1%.

0% 5%

Figure 2
Percentage of
artiﬁcial surface
CLC subclasses

36%
59%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL SHORELINE

The shoreline of Lake Ossiacher See is 26 km long and the artificial
shoreline (16 km) (marked in red in the picture) accounts for about
62% of the total length. Most part of the artificial shoreline is covered
by towns, tourist facilities, residential buildings, roads and marinas.

Figure 3
Artiﬁcial shoreline
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URBAN DENSITY AND TOURISM

The resident population in the catchment area of Lake Ossiacher See is
about 15,570 people. At municipality level (including all municipalities which
are partly within the lake basin) the number of residents increases to about
100,765 people. The population density of the catchment area is 96 inhab./
km². The evaluated theoretical number of tourists in the catchment area per
year and day is 2,678. The average tourism density is about 16 inhab./km².
The maximal tourist presence is recorded during summer. The ratio between
tourists and population is 1 to 6. The total - permanent and temporary - population density in the catchment area is about 112.5 inhab./km². This total
population generates a theoretical pressure of about 18,244 P.E. (Population
Equivalent) on Lake Ossiacher See.
Urban density and tourism

Number

Resident population
Tourist population
Total population
Ratio Tourists to resident population: 0.24

15,570
2,678
18,248

Density
inhab./km²
96
16.5
112.5

Figure 4
Total population density
(municipal level)

POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population of Lake Ossiacher See basin is approximately
18,248 people, divided into 15,570 residents and 2,678 tourists.
The biggest city is Feldkirchen, located in the eastern part of the
Lake, with about 5,200 inhabitants (or P.E.). The other towns and
villages have between 250 and 3,500 residents.
Regarding the potential loadings from households within the catchment area of Lake Ossiacher See the chemical oxygen demand
(COD) is about 859 t/y and the biological oxygen demand (BOD) is
approximately 400 t/y. Referring to the nutrient loadings, the evaluated values are about 82 t/y for nitrogen and 12 t/y for phosphorus.

Potential loads
Population
Resident p.
Tourist p.
Total

P.E.
15,570
2,678
18,248

COD
(t/y)
733
126
859

BOD
(t/y)
341
59
400

N
(t/y)
70
12
82

P
(t/y)
10
2
12

Figure 5
Total Population
(in Population Equivalents)
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INDUSTRY
TYPOLOGY OF INDUSTRY

In the Catchment area of Lake Ossiacher See there are 52 industrial
units (800 employees). The greatest number of people is employed
in units located in the eastern part of the lake catchment. The main
sectors are the manufactures of food products beverages and tobacco with 110 employees, leather and leather products with 149
employees, wood and wood products with 147 employees and basic
metals and fabricated metal products with 140 employees.
The discharge of the industrial units within the Lake Ossiacher See
basin is collected and treated in waste water treatment plants together
with the discharge from households. The water from purification stations is directed to the River Drau or Glan. In compliance with the
regional legislation, no discharge or purified water is allowed to go into
the Lake.
In general, manufactures that exceed a certain amount of use and discharge have to treat their waste water in their own purification stations
according to the National Water Law (no manufacture in the Ossiacher
See basin).

NACE codes
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
M. 0.00

SIC codes
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
0
15
4
1
13
2
0
1
1
3
8
3
0

Number of employees
4
110
37
149
147
41
0
17
40
61
140
52
3

Number of industrial units and employees (broken down by industrial sector)

INDUSTRIAL SITES AT RISK

It is to mention that industrial units are conforming to the requirements of the Seveso Directives. In case of catastrophe (extreme flood
water) it is not expected that these facilities will change the chemical situation of surface water. There is no facility in the catchment of Lake
Ossiacher See that deals with dangerous substances.
CONTAMINATED SITES

Within the catchment area of Lake Ossiacher See, five Suspected
Contamination Sites (SCS) are known. The total extension of the
contaminated sites is 0.011 km². The sites are dominated by domestic and bulky waste. A little part is known to be construction
waste.

Municipality
Feldkirchen
Steindorf
Himmelberg
Ossiach
Total

Number Extension
Type of contamination
of sites
(km²)
1
0.001
domestic and bulky waste and construction waste
2
0.005
domestic and bulky waste, and construction waste
1
0.001
domestic waste
1
0.004
domestic and bulky waste
5
0.011

POTENTIAL LOADS FROM INDUSTRY

The total evaluated theoretical loadings from industry in the catchment area of Lake Ossiacher See expressed as population equivalent (P.E.) is about 22’892. This is nearly the resident population of
the area. Referring to the nutrients, the evaluated theoretical load of
nitrogen is 8 t/y and that of phosphorus is about 9 t/y. A large part
of this load is produced by manufactures in the food and beverage
sector.
Total loadings from industry
P (t/y)
9

N (t/y)
8

P. E.
22’892

Figure 6
Potential industrial loads
expressed in P.E.
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SEWAGE SYSTEM AND WASTE WATER TREATMENT PLANTS
WASTE WATER COLLECTION SYSTEM

The actual length of the sewage network is not available, because
different authorities are responsible for the maintenance of the system. However, the large number of collected and served people is
an indication of the high degree of waste water treatment in this area.
79% of the residential population at municipal level is connected to
WWTPs. The remaining 3,524 inhabitants are served by 476 single
leaching cesspools or small purification plants.

Combined sewage system:
- Km of sewerage: information not available
- Collected people: 74,882

Final receiver:
- WWTP: 91,831 P.E.
- Water body: the treated waste water is directed to the rivers Drau
and Glan and not into the lake.
- There are 476 single leaching cesspools or small sewage plants
in the area; this water as well comes finally to a WWTP.

Separated sewage system:
- Km of sewerage: information not available
- Collected people: 91,831 P.E.

Overflows:
- Concerning overflows: all sewers are connected to WWTPs. An
overflow can occur only in case of a flood.

Waste water collection system (at municipial level)

URBAN WASTE WATER TREATMENT

The waste water from the catchment area of Lake Ossiacher See is served by 3 waste water treatment plants (WWTP). These plants take
both civil and industrial waste water. The waste water from industry is expressed as P.E. (Population Equivalent) and brings a theoretical
load of about 22892 P.E. Together with the load from collected people (66,325) an effective treated capacity of 89217 P.E. is reached. The
designed capacity of the 3 treatment plants is 294,000 P.E. Additionally there are 476 small private sewage systems that treat the waste
water of 3,524 P.E.
According to national legal requirements, waste water treatment plants with a capacity of over 1,000 P.E. have to reduce the influent loads,
with a removal efficiency of about 95% for BOD and 85% for COD. From a capacity of more than 5,000 P.E. a further reduction of nitrogen is
required with a removal efficiency of 70% and the content of phosphor in the effluent must not exceed 1 mg/l. No effluent water is directed
into a lake. Waste water from leaching cesspools is drained to tanks and finally treated in WWTPs.
In general, the loads coming from WWTPs represent the civil and industrial sector. Only in some cases industrial facilities need their own
purification stations according to the National Water Law. In Carinthia, most of waste water from households and industry is treated together.
There is no operational discharge of purified water into Lake Ossiacher See, nor a single household discharging its waste water into the lake.
As receiving waters only emissaries and rivers are in use. In Carinthia, an overflow occurs only in case of heavy rainstorms. In this event, the
water retention pond of the purification station is flooded to its full capacity.

Capacity of waste water treatment plants
Information at basin scale
Number of plants: 3 WWTPs and 476 leaching cesspools or small
purification stations
Effective treated capacity: 89217 P.E. by WWTPs and 3,524 by
leaching cesspools or small purification stations.
Treatment typology:

Typology
Primary t.
Secondary t.
Tertiary t.

Number of plants
3

Final receiver:
- lake: no discharges in lake
- other surface waters: 1 plant (27’200 P.E.- WWTPs Feldkirchen)

Figure 7
Localisation of WWTPs

Removal efficiency

Parameter

(assessed by monitoring

BOD

data):

COD

95.5

Nitrogen

72.5

Phosphorus

88.6
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Removal efficiency (%)
98.4
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AGRICULTURE AND ZOOTECHNY
15%
TYPOLOGY OF CULTIVATIONS

Pastures cover 52%, arable lands 30%, heterogeneous agricultural
areas 15% and permanent crops cover less than 3 % of the land.

Figure 8

30%

Typology of
cultivations

3%
52%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area
PESTICIDE USE

In Carinthia, the application of pesticides is regulated by the Chemicals Act. The farmers have to keep an account of pesticide use. In case
of inspection by the provincial department for Agriculture they have to present detailed reports on amount and time of pesticide application.
However, there is no common statistics about the use of pesticides.
AREA UNDER SUSTAINABLE AGRICULTURAL
PRACTICES

The total area used for agriculture is 43 km², 53 % of which is under agro-environment measures. Such surfaces are nearly equally
spread around the catchment area.

Figure 9
Percentage of UAA under agro-environment measures

ZOOTECHNY

In Lake Ossiacher See, zootechny is generally carried out in small
and medium enterprises (SMEs). The map shows the animal density
(expressed as cattle equivalent in term of phosphorus contribution).
Most of the animal farms are dealing with cattle and pigs.

Figure 10
Animal density in cattle equivalent (municipal level)
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POTENTIAL LOADS FROM AGRICULTURE

Using some general coefficients (generic contributions) the potential
loads from agriculture due to fertilizers have been calculated. The
generic contributions have been applied to the four CLC classes
identified above.

Theoretical loads
Population
Sowable land
Permanent crops
Pasture
Market garden
Total

Km²
12
1
21
6
40

N (t/y)
1.2
0.116
2.1
0.6
4

P (t/y)
0.3
0.035
0.6
0.2
1.2

POTENTIAL LOADS FROM ANIMAL FARMING

In the catchment there are 3 municipalities in which the value of
P.E. (population equivalent) from zootechny is higher than 10,000.
In general, the total P.E. from zootechny amounts to nearly 79,000
P.E. This comes up to more than 4 times the catchment resident
population. Within the catchment area there are only small farms.
Dung and liquid manure are stored separated from domestic waste
water. These substances are then brought back to nature on those
surfaces that are used for the production of animal feed. In case a
certain amount is exceeded, the disposal of liquid manure and dung
is subject to authorisation according to the National Water Law.
Theoretical loads
Livestock
typology
Cattle
Horses
Pigs
Poultry and rabbits
Sheep and goats
Total

COD
(t/y)
3,470
174
259
14
77
3,994

BOD
(t/y)
1,614
81
120
7
36
1,858

N
(t/y)
484
23
20
3
5
535

P
(t/y)
73
4
6
1
2
86

P.E.

L.U.

68,021
3,406
5,076
275
1,514
78,292

8,069
404
268
26
87
8,854

Figure 11
Number of animals
(in Population Equivalents)

NATURAL AND SEMI-NATURAL AREAS
LAND USE

Most of the land is covered by different types of forests (98%). The
remaining 2% of the natural and semi-natural land represents the
upper areas of the mountainous region.

Figure 12

2%

0%

Percentage of forest
and seminatural area
CLC subclasses

98%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation
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NATURAL AREAS

20% of the surface at catchment level is designated as protected
landscape. At municipal level the protected areas reach 86 km².
There are 24 regional parks (landscape protected areas). One small
site – Tiebelmündung (0.6 km²) - is designated as Special Protected
Area (SPA) (Bird Directive) and as Site of Community Importance
(SCI). The protected areas in the Ossiacher See basin cover a surface of 34 km² and at municipality level this amounts to 86 km². As
there are some protected areas close to the lake, the lake shows a
protected shoreline of 3.55 km (14% of Lake Ossiacher See shoreline).

Figure 13
Protected regulated areas

WATER
WATER ABSTRACTION

In the whole catchment (including the lake), the abstraction of water
for public supply amounts to 0.8 Mm³ and together with the use for
irrigation, energy cooling and other use the total comes up to 2.5
Mm³/y, i.e. an amount of water per capita of approx. 374 l/inhab. To
this respect, it is necessary to underline that the amounts considered are the granted ones (in general, the actual water abstracted is
less then the granted value).
The abstraction of the above said 2.5 Mm³/y of water in the catchment area is done by means of wells, water catchments and plugs
from the lake:
13% for energy cooling, 13% for irrigation, 32% for public supply and
42% for other use.

Amount of water abstracted (at catchment scale):
Typology of use
Irrigation
Industrial use
Energy cooling
Public supply
Other uses
Total

Volume (Mm³)
0.33
0
0.32
0,8
1.04
2.49

13%
42%

0%
13%

1) As there is no data available for irrigation, we calculated the amount of water with the help of
data published by the Austrian Ministry of Live.

32%
Irrigation
Energy production
Other uses

Industrial use
Public supply

Figura 14
Percentuale di acqua prelevata a seconda degli usi
(livello di bacino)
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POTENTIAL AND EFFECTIVE LOADINGS
Potential loadings
15%

Figure 15

Nutrients and pollutants balance

Potential loads from
different sectors

Source

19%

Class
Household emissions
Industries emissions
Zootechny emissions

66%
Household emissions
Zootechnical emissions

I.E.
18.248
22.892
78.334

Household sector
Industrial sector
Agricultural sector
Agroozoothecnical sector
Total

COD
t/a
860
n.a.
3.994
4.854

BOD
t/a
400
n.a.
1.857
2.257

Nitrogen
t/a
82
8
406
535
628

Phosporus
t/a
12
9
147
85
107,2

Industrial emissions

Phosphorus detailed
Point source
? t P/y

IWW
WWTPs *

Industrial activites
9 t P/y
Public sewer
system
Domestic sector
12 t P/y

Overflows

3,5 t P/y
0 t P/y
0 t P/y

Individual
treatment

Out of catchment **
? t P/y

Diffuse source
Background

2,5 t P/y

Agriculture and zootechny
187,2 t P/y

6,2 t P/y

12,2 t P/y

* Monitoring data indicates a load from WWTP of 1,8 t/y
** the sewage water system brings out of the basin the treated load from WWTPs
Effective P loadings
Theoretical Coefficient application
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of 12,2 t/y.
Monitoring data
Data are not available at the moment
Loads from OECD models
Using the equation indicated for deep lakes, the external phosphorus load on the lake was estimated at 3 t/y.
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Lake Wörthersee
Lake Wörthersee

Geographical position

State
Region
Province
Municipalities
Geographical Coordinates
of the lake centre (WGS84)

Austria
Carinthia
14 municipalities
long. 19,976178’ lat. 46,440469’

The Wörthersee is the largest lake in the Austrian southern province
of Carinthia. In the nineteenth century the shores were home only to a
handful of peasant population. The building of the southern railway line,
the Südbahn, in the middle of the nineteenth century quickly turned the
Wörthersee into an exclusive summer resort for Vienna’s nobility. The
sunny Mediterranean climate and clean, warm water make it a popular
tourist destination in summer. In recent decades tourism around the
Wörthersee has suffered from package holidays to cheaper overseas
destinations. As a response a number of local business have tried to
focus on niches such as high quality tourism, family tourism or golf
and horse-riding vacations. Other popular leisure activities in the region
are swimming, water skiing, cycling, mountain biking, canoeing, tennis,
paragliding, alpinism, rock climbing and mushrooming.
The historic place of Maria Wörth with a late Gothic church situated on
a small peninsula on the southern side of the lake is probably one of the
prettiest places on the lake. Other major attractions are the Casino and
the “Schloßhotel” in Velden: a castle-like hotel and famous landmark,
the Burgruine Finkenstein: a scenic castle ruin staging outdoor plays
and concerts, Minimundus: a miniature theme park, a Reptile Zoo, the
attractive public beach of Pörtschach and the Pyramidenkogel: a look
out tower with panoramic view situated south of Maria Wörth.
Annual events are a beach volleyball tournament, the ironman triathlon,
musicals on a platform at the lake during the summer, Fête Blanche
and a Golf GTI car meeting.
The increasing population density and the booming tourism at the lakeside caused eutrophication phenomena in the 1950’s and 1960’s. The
building of wastewater treatment plants and a sewage water system
that receives all the effluents and conducts them to the river Glanfurt,
improved the water quality.

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

Reifnitzbach
Glanfurt

162
900
600
0,63
2,46

km²
m a.s.l.
m
m³/s
m³/s

Lake catchment

Main characteristics of the lake

Surface
Ratio catchment area/lake area
Perimeter
Average altitude
Maximal Depth
Average Depth
Volume
Water change time

19,38
8,36
44
493
85,2
42,1
816,32
10,5

km²
km
m a.s.l.
m
m
M m3
years

Temperature and rainfall

Station
Source
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall

Klagenfurt HLA
HD Kärnten
Klagenfurt
442 m a.s.l.
1999 - 2007
10 °C
1996 - 2007
938 mm
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LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to 85
Date : 31/03/07
Station : Saag (deepest point)
307
7.6
2.9
4.3
9.0
n.a.
n.a.
n.a.
n.a.

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

µS/cm

m

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
Ammonium NH 4

meq/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

Year 2005

30.7
19.1
n.a.
0.1
0.100

µg P/l
µg P/l
mg N/l
mg N/l
mg N/l

Total Phosphorus winter concentration (µg/l)
80
70
60
50
40

MEI Index-Theoretic natural level
13.8 µg P/l
of Tot. Phosphorus :

30
20
10

Trophic state classification
mesotrophic (meromictic)

2005

2003
2004

2002

2000
2001

1999

1998

1996
1997

1995

1994

1993

1992

1991

1990

0

Transparency
Chlorophyll a in the euphotic layer

5.1 m
3.5 m
6.2 m

31/03/05
28/09/05

Annual average concentration
Maximal concentration

4

6

8

10

12

14

16

18

20

22

24

10

9000

20

8000
7000
3

30
40
50
60

Temp. mixing (°C)
O2 mixing (mg/l)

70
80

Temp. stratif. (°C)
O2 stratif. (mg/l)
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The lake can be considered as a meromictic lake with a lack
of oxygen and high amount of nutrients in the deepest water,
which must be taken into account assessing the water quality.
In the late 1950s and early 1960s the increasing pressure
of human activities caused the development of algal blooms,
a signal for eutrophication. At this time local representatives
took action, and in 1963 the construction work for a waste
water system started. In 1968 the sewage plant that collects
the waste water from the catchment area of Lake Wörthersee
went on line. Since that time the water quality of lake Wörthersee turned better and is now considered to be between oligoand mesotrophic. Now a clear lake with good oxygen content,
rich on various biological groups (phytoplankton, zooplankton
and fish) will invite visitors to have a bath during summer.
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

The reeds (Phragmites australis) of lake Wörthersee grow in a more or less thin strip on the banks. More than hundred years ago the crop was
well developed at the shorezone. In the alpine area a degeneration of reeds crop has been recognised and the causes are discussed to be
complex. Of course one reason is the artificial fixing of shoreline for roads and railways built close to the lake or private piers.
Macrophytes are well represented, as the herbal collection of the Carinthian Museum documents. Nowadays 13 submerse species (Rorippa
sp. Ceratophyllum sp., Chara sp., M yriophyllum sp., Najas sp.) and 6 emerse species (Ranunculus sp., Potamogeton sp., Nymphaea sp.) can be found. Some
hydorphytes disappeared, like Trapa natans, Ranunculus aquatilis, Potamogeton gramineus, Persicaria amphibia, Utricularia bremii, Myriophyllum verticillatum and
Rorippa amphibia.
BENTHIC INVERTEBRATE FAUNA

No available information.

MAIN USES
BATHING

22 sites of Lake Wörthersee are monitored yearly in order to check
the compliance with the national law (Bathing Hygiene Law BGBl
658/1996) and with the Bathing Water Directive 76/160/EC. Bathing
has always been allowed in the lake. There has been no exceeding
of the limits over the last 10 years.
Important for bathing are faultless hygienic conditions of the lake
(free from faecal coliform bacteria). During bathing season, the bathing sites get regularly checked to to ensure a good hygienic quality
of the water.

Bathing water quality (2005)
Total number of monitored sites: 22
Number of site where bathing is allowed: 22
Number of site where bathing is forbidden: 0

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

Regarding the water abstracted for public use, there are no water
plugs on the Lake Wörthersee.
There are three plugs for energy cooling and one plug abstracts
water for irrigation. The amount of abstracted lake water is 3.94
Mm³/y. Since only the main tributary (Reifnitzbach) brings 19.9
Mm³/y the water abstraction from the lake doesn’t impact any
component of the ecosystem.

Other water use.
Abstraction point on the lake:
Location
Velden
Techelsberg
Pörtschach
Maria Wörth
Total

Volume
(Mm3)
1.99
0.14
1.14
0.67
3.94

Typology of granted use
Energy cooling
Energy cooling
Energy cooling
Irrigation

FISH AND FISHING

The main species of Lake Wörthersee are whitefish (Coregonus lavaretus) and pike (Esox
lucius). The original autochthon C. lavaretus dominate the later introduced greater species. In 1889 lake trout (Salmo trutta f. lacustris) was stocked to the main tributary “Reifnitzbach” and further entered the lake (Hartmann, 1898). At the beginning of the
century another newcomer, large mouth bass (Micropterus salmoides), entered the lake
by accident, when the pool dam from the castle in Velden was broken. This species
increased and for a while it was more abundant than pike (Hartlieb 1966). The former
present burbot (Lota lota) recently disappeared. Another alien spicies is pumpkinseed
(Lepomis gibbossus), which is native in North America. This species is not welcome to
fishermans net. With its sharp and bulky dorsal fin the fish is difficult to remove. 1960
eel (Anguilla anguilla) was stocked in the lake and 1970 grass carp (Ctenopharyngodon idella)
and silver carp (Hypophthalmichthys molitrix).
In the past barb and nase (Barbus barbus and Chondrostoma nasus) came from the outflow
into the lake in order to spawn. This species are still living in the outflow but weir cut
off the migration.
Fishery in Lake Wörthersee is prosecuted in sideline. Every year 2 to 4 t coregons
were caught.

Fish species:
Aal [eel] (Anguilla anguilla)
Aitel (Leuciscus cephalus)
Amurkarpfen,Graskarpfen [gras carp] (Ctenopharyngodon idella)
Barsch[perch] (Perca fluviatilis)
Bitterling [bitterling] (Rhodeus sericeus amarus)
Brachse [bream] (Abramis brama)
Forellenbarsch [large mouth bass] (Mircorpterus salmoides)
Güster [white bream] (Abramis björkna)
Hecht [pike] (Esox lucius)
Karpfen [carp] (Cyprinus carpio)
Laube, Steinfischerl [bleak] (Alburnus alburnus)
Mairenke, Seelaube (Chalcalburnus chalcoides mento)
Reinanke, Maräne [whitefish] (Coregonus lavaretus)
Rotauge [roach] (Rutilus rutilus)
Rotfeder [rudd] (Scardinius erythrophthalmus)
Schleie [tench] (Tinca tinca)
Seeforelle [lake trout] (Salmo trutta f. lacustris)
Sonnenbarsch [pumpkinseed] (Lepomis gibbosus)
Tolstolob [silver carp] (Silberkarpfen, Hypophthalmichthys molitrix)
Wels [catfish] (Silurus glanis)
Zander [zander] (Sander lucioperca)
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CATCHMENT AREA

SOIL MANAGEMENT
Lake Wörthersee is located in the hilly area of middle Carinthia, north
of the River Drau and south-east of the mountain chain Ossiacher
Tauern. The average altitude of the catchment territory is about 600
m a.s.l. According to the hilly landscape, forest and semi-natural
areas occupy 51% of the basin. Agricultural areas cover 25% of
the land and water bodies account for 14% of the catchment. 5
different wetlands take up 2% of the area: three of them are located
south of the lake (Moor and Seenlandschaft Keutschach-Schiefling,
Keutschacher Seental and Drobolacher Moor) and two are located
west of Lake Wörthersee (Kaltschacher Moor and Flachwasserbiotop Föderlach). The artificial surfaces of Lake Wörthersee take up
8% of the basin.
Figure 1
Land use

ARTIFICIAL SURFACES
LAND USE

The artificial surfaces account for 8% of the whole catchment area.
These areas are mainly located close to the lake shoreline and dominated by urban fabric (54%) and industrial, commercial and transport
units (38%). 8% is qualified as artificial non-agricultural vegetated
areas. The class of mines, dumps and construction sites is almost
inexistent.

0% 8%

Figure 2
Percentage of
artiﬁcial surface
CLC subclasses

54%

38%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas

ARTIFICIAL SHORELINE

For the evaluation of this indicator, a detailed aerial mapping, showing
the urban areas, has been used.
A distance of 15 m from the waterline has been considered as artificial shoreline, if within that space urban surfaces occurred.
The shoreline of Lake Wörthersee is 44 km long and the evaluated
artificial shoreline (30 km) (marked in red in the picture) accounts for
about 67% of the total length. Most part of the artificial shoreline is
covered by towns, tourist facilities, residential buildings, marinas and
footbridges.

Figure 3
Artiﬁcial shoreline
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POPULATION

The resident population in the catchment area of Lake Wörthersee is about
23,800 people. At municipality level (including all municipalities which are partly within the lake basin) the number of residents increases to about 128,900.
The average population density is 146 inhab./km², whereas the density of
Klagenfurt City (only a small part belongs to the catchment) is more than 750
inhab./km². The evaluated yearly number of tourists in the catchment area
is 5,750. The average tourism density is about 35 inhab./km². The maximal
tourist presence is recorded during summer. The ratio between tourists and
population is 1 to 4. The total - permanent and temporary - population density calculated for the the catchment area is about 181 inhab./km². This total
population generates a theoretical pressure of about 29,600 P.E. (Population
Equivalent) to Lake Wörthersee.
Urban density and tourism

Number

Resident population
Tourist population
Total population
Ratio Tourists to resident population: 0.24

23,773
5,749
29,522

Figure 4
Total population density
(municipal level)

Density
inhab./km²
146
35
182

POTENTIAL LOADS FROM DOMESTIC SECTOR

The total population of Lake Wörthersee basin is approximately
29,600 people, divided into 23,773 residents and 5,749 tourists.
Only Velden, situated on the western end of Lake Wörthersee, has
more than 8,000 P.E.
Regarding the potential loadings from households within the catchment area of Lake Wörthersee, the chemical oxygen demand (COD)
is about 1,400 t/y and the biological oxygen demand (BOD) is approximately 650 t/y. Referring to the nutrient loadings, the evaluated
values are about 133 t/y for nitrogen e 20 t/y for phosphorus.
Theoretical loads.
Popolazione
Resident p.
Tourist p.
Total

P.E.
23,773
5,749
29,522

COD
(t/y)
1120
271
1391

BOD
(t/y)
521
126
647

N
(t/y)
107
16
133

P
(t/y)
16
4
20

Figure 5
Total Population
(in Population Equivalents)
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INDUSTRY
TYPOLOGY OF INDUSTRY

In the Catchment area of Lake Wörthersee there are 58 industrial units
(514 employees). The greatest number of people is employed in units
located in the northern and eastern part of the Wörthersee basin. The
main sectors are the manufactures of food products with 238 employees and fabricated metal products with 60 employees. 86 people
are employed in the sector of engineering.
The discharge of the industrial units within the Wörthersee basin is
collected and treated in waste water treatment plants together with
the discharge from households. The water from purification stations is
directed into the the effluent of the lake (Glanfurt) or to the River Drau.
In compliance with the regional legislation, no discharge or purified
water is allowed to go into the Lake.
In general, manufactures that exceed a certain amount of use and discharge have to treat their waste water in their own purification stations
according to the National Water Law (no manufacture in Wörthersee
basin).

NACE codes
CB. 0.00
DA. 0.00
DB. 0.00
DC. 0.00
DD. 0.00
DE. 0.00
DF. 0.00
DG. 0.00
DH. 0.00
DI. 0.00
DJ. 0.00
DK. 0.00
M. 0.00

SIC codes
14.00
15.00-16.00
17.00-18.00
19.00
20.00
21.00-22.00
23.00
24.00
25.00
26.00
27.00-28.00
29.00
34.00-35.00

Industrial units
0
13
3
2
8
3
2
2
4
3
11
6
2

Number of employees
1
238
6
6
23
25
4
16
28
16
60
86
7

Number of industrial units and employees (broken down by industrial sector)

INDUSTRIAL SITES AT RISK

It is to mention that industrial units are conforming to the requirements of the Seveso Directives. In case of catastrophe (extreme flood
water) it is not expected that these facilities will change the chemical situation of surface water. There is no facility in the catchment of Lake
Wörthersee that deals with dangerous substances.
CONTAMINATED SITES

Within the catchment area of Lake Wörthersee, 12 Suspected Contamination Sites (SCS) are known. The total extension of the contaminated sites is 0.244 km². The sites are dominated by domestic
and bulky waste, although excavation material, demolition rubble
and construction waste are found at some sites. Only one place is
identified to be contaminated with hazardous waste.

Municipality Number Extension
of sites
(km²)
Wernberg
1
0.001
Velden
3
0.014
Techelsberg
Pörtschach
Moosburg
Krumpendorf
Klagenfurt

1
1
1
3
1

0.003
0.01
0.007
0.007
0.2

Keutschach
material

1

0.005

12

0.244

Type of contamination
Domestic, bulky waste
Domestic, bulky waste, excavated material,
hazardous waste
Domestic, bulky waste
Domestic waste
Domestic, bulky waste
Domestic, bulky waste, construction waste
Domestic, bulky waste, construction waste,
excavated material
Domestic, bulky waste, demolition rubble excavated

POTENTIAL LOADS FROM INDUSTRY

The total evaluated theoretical loadings from industry in the catchment area of Lake Wörthersee expressed as population equivalent
(P.E.) is about 23’420. This means that about 18 % of the treated
waste water accrues from industry. Referring to the nutrients, the
evaluated theoretical load of nitrogen is 5 t/y and that of phosphorus
is about 3.5 t/y.
Total loadings from industry
P (t/y)
3.5

N (t/y)
5

P. E.
23’420

Figure 6
Potential industrial loads
expressed in P.E.
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SEWAGE SYSTEM AND WASTER WATER TREATMENT PLANTS
WASTE WATER COLLECTION SYSTEM

The actual length of the sewage network is not available, because
different authorities are responsible for the maintenance of the system. However, the large number of collected and served people
is an indication of the high degree of waste water treatment in this
area. 89% of the residential population at municipal level is connected to WWTPs. The remaining 2,002 inhabitants are served by
520 single leaching cesspools or small purification plants. Overflows
in the catchment area are almost inexistent.
Waste water collection system (at municipial level)
Combined sewage system:
- Km of sewerage: information not available
- Collected people: 97,320

Final receiver:
- WWTP: 123,662 P.E. (344,000 P.E. including the two big ARAs
of Klagenfurt and Rosegg)
- Water body: the treated waste water is directed to the rivers Drau
and Glanfurt and not into the lake.
- There are 520 single leaching cesspools or small sewage plants
in the area; this water as well comes finally to a WWTP.
Overflow:
- Concerning overflows: all sewers are connected to WWTPs. An
overflow can occur only in case of a flood.

Separated sewage system:
- Km of sewerage: information not available
- Collected people: 26,343
URBAN WASTE WATER TREATMENT

The waste water from the catchment area of Lake Wörthersee is served by 4 waste water treatment plants (WWTP). These plants take both
civil and industrial waste water. The waste water from industry is expressed as P.E. (Population Equivalent) and brings a theoretical load of
100,000 inhabitants. Together with the load from actually collected people (123,662) an effective treated capacity of 234,000 P.E. is reached. The designed capacity of the 4 treatment plants is nearly 550,000 P.E. Additionally there are 520 small private sewage systems that
treat the waste water of 2,002 P.E.
According to national legal requirements, waste water treatment plants with a capacity of over 1,000 P.E. have to reduce the influent loads,
with a removal efficiency of about 95% for BOD and 85% for COD. From a capacity of more than 5,000 P.E. a further reduction of nitrogen
is required with a removal efficiency of 70% and the content of phosphor in the effluent must not exceed 1 mg/l.
No effluent water is directed into the lake. Waste water from leaching cesspools is drained to tanks and finally treated in WWTPs.
In general, the loads coming from WWTPs represent the civil and industrial sector. Only in some cases industrial facilities need their own purification stations according to the National Water Law. There is no operational discharge of purified water into Lake Wörthersee, nor a single
household discharging its waste water into the lake. In general, as receiving waters only running waters and rivers are in use. The loads from
overflows are estimated as a percentage of the total loads. In Carinthia, an overflow occurs only in case of heavy rainstorms.

Capacity of waste water treatment plants
Information at basin scale

Final receiver:
- lake:

Number of plants: WWTPs and 520 leaching cesspools or small
purification stations
Effective treated capacity: 234,091 P.E. by WWTPs and 2,002 by
leaching cesspools or small purification stations.
Treatment typology:

Typology
Primary t.
Secondary t.
Tertiary t.

- other surface waters: 4 plants (234,092 P.E.)
Removal efficiency

Parameter

(assessed by the use

BOD

98.7

theoretical factors):

COD

95.5

Nitrogen

81.8

Phosphorus

92.2

Number of plants
1
3

Removal efficiency (%)

Figure 7
Localisation of WWTPs
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AGRICULTURE AND ZOOTECHNY
TYPOLOGY OF CULTIVATIONS

In total, the agricultural surface takes up 25% of the catchment area.
This surface is divided into heterogeneous agricultural areas (25%),
pastures (48%), arable lands (26%) and permanent crops (< 1%).

Figure 8

25%

26%

Typology of
cultivations

1%
48%
Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area
PESTICIDE USE

In Carinthia, the application of pesticides is regulated by the Chemicals Act. The farmers have to keep an account of pesticide use. In case
of inspection by the provincial department for Agriculture they have to present detailed reports on amount and time of pesticide application.
However, there is no common statistics about the use of pesticides.

AREA UNDER SUSTAINABLE AGRICULTURAL
PRACTICES

The total area used for agriculture is 50 km², 7% of which is under agro-environment measures. Such surfaces are nearly equally
spread around the catchment area.

Figure 9
Percentage of UAA under agroenvironment measures
ZOOTECHNY

In Lake Wörthersee, zootechny is generally carried out in small and
medium enterprises (SMEs). The map shows the animal density
(expressed as cattle equivalent in term of phosphorus contribution).
Most of the animal farms are dealing with cattle and pigs, as shown
in the graphs.

Figure 10
Animal density in cattle equivalent (municipal level)
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THEORETICAL LOADINGS FROM AGRICULTURE

Using some general coefficients (generic contributions) the potential
loads from agriculture due to fertilizers have been calculated. The
generic contributions have been applied to the four CLC classes
identified above. As a result, nitrogen is estimated to be 4.2 t/y and
phosphorus 1.6 t/y.

Theoretical loads
Population
Sowable land
Permanent crops
Pasture
Market garden
Total

Km2
10.8
0.2
20
10.3
41

N (t/y)
2,2
0.02
.08
1.3
4.22

P (t/y)
0.5
0.006
0.6
0.6
1.6

POTENTIAL LOADS FROM ANIMAL FARMING

In the catchment there is only one municipality in which the values
of P.E. (population equivalent) from zootechny is higher than 10,000.
In general, the total P.E. from zootechny amounts to over 60,600
P.E. This comes up to 3 times the catchment resident population.
Within the catchment area there are only small farms. Dung and
liquid manure are stored separated from domestic waste water. These substances are then brought back to nature on those areas that
are used for the production of animal feed. In case a certain amount
is exceeded, the disposal of liquid manure and dung is subject to
authorisation according to the National Water Law.
Theoretical loads
Livestock
typology
Cattle
Horses
Pigs
Poultry and rabbits
Sheep and goats
Total

COD
(t/y)
2187
161
377
14
115
2854

BOD
(t/y)
1017
75
175
6
54
1327

N
(t/y)
305
22
29
3
7
366

P
(t/y)
46
3
9
1
3
62

P.E.

L.U.

46,447
3,416
8,005
287
2,444
60,599

5,086
374
390
25
130
6,005

Figure 11
Number of animals
(in Population Equivalents)

NATURAL AND SEMI-NATURAL AREAS
LAND USE

Using CLC, the forests and semi-natural areas that cover 51% of
the catchment of Lake Wörthersee are represented only by different
types of forests.

0%

Figure 12

0%

Percentage of forest
and seminatural area
CLC subclasses

100%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation
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NATURAL AREAS

37% of the surface at catchment level is designated as protected
landscape. There are 22 regional parks (landscape protected areas).
2 small sites (Reifnitzbach und Gut Walterskirchen) are Special Protected Areas (SPA) (Bird Directive) and 2 sites (Lendspitz, Maiernigg)
are of community importance (SCI). One site is designated as area
under international convention (Ramsar: Moor und Seenlandschaft
Keutschach – Schiefling). This area is located south of Lake Wörthersee and north of River Drau and covers 5.4 km². Within this
area there is a protected shoreline of 1.2 km. All protected areas
together cover a surface of 61 km² in the catchment area (68 km² at
municipality level). As there are some protected areas close to the
lake, the lake shows a protected shoreline of 2.24 km (5% of Lake
Wörthersee shoreline).
Figure 13
Protected regulated areas

WATER
WATER ABSTRACTION

In the whole catchment (including the lake), the abstraction of water
for public supply amounts to 1.76 Mm³/y and together with the use
for irrigation and energy cooling the total comes up to 6 Mm³/y, i.e.
an amount of water per capita of approx. 560 l/inhab. To this respect, it is necessary to underline that the amounts considered are
the granted ones (in general, the actual water abstracted is less then
the granted value).
The abstraction of the above said 6.03 Mm³/y of water in the catchment area is done by means of wells, water catchments and plugs
from the lake:
54% for energy cooling, 17% for irrigation1 and 29% for public supply.

Amount of water abstracted (at catchment scale):
Typology of use
Irrigation
Industrial use
Energy cooling
Public supply
Other uses
Total

Volume (Mm³)
1
0
3.27
1.76
0
6.03

29%

0%

17%
0%

1) As there is no data available for irrigation, we calculated the amount of water with the help of
data published by the Austrian Ministry of Live.

54%
Irrigation
Energy production
Other uses

Industrial use
Public supply

Figura 14
Percentuale di acqua prelevata a seconda degli usi
(livello di bacino)
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POTENTIAL AND EFFECTIVE LOADINGS
Potential loadings
29%

0%

17%

Figure 15

Nutrients and pollutants balance

Potential loads from
different sectors

Source

0%
Class
Household emissions
Industries emissions
Zootechny emissions

I.E.
29.522
23.431
60.599

Household sector
Industrial sector
Agricultural sector
Agroozoothecnical sector
Total

COD
t/a
1.390
n.a.
2.854
5.631

BOD
t/a
647
n.a.
1.327
5.480

Nitrogen
t/a
133
5
422
366
509

Phosporus
t/a
19
3,5
160
62
125

54%
Irrigation
Energy production
Other uses

Industrial use
Public supply

Phosphorus detailed
Point source
? t P/y

IWW
WWTPs

Industrial activites
3,5 t P/y
Public sewer
system
Domestic sector
19 t P/y

Overflows

0 t P/y
0 t P/y
0 t P/y

Individual
treatment

Out of catchment *
? t P/y

Diffuse source
Background

2,3 t P/y

Agriculture and zootechny
222,3 t P/y

6,7 t P/y

9 t P/y

* the sewage water system brings out of the basin the treated load from WWTPs
Effective P loadings
Theoretical Coefficient application
As the graph highlights, coefficients were used to evaluate phosphorous input to the lake and the result was of 9 t/y.
Monitoring data
Data are not available at the moment
Loads from OECD models
Using the equation indicated for deep lakes, the external phosphorus load on the lake was estimated at 11,7 t/y.
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© Matevû Lenarcic

Lake Bohinj is the largest permanent natural lake in Slovenia, shaped
by a glacier about 10 000 years ago. The main inflow is the Savica River, at the west shore, which originates from the 40 meter high waterfall
Slap Savica. The water of the waterfall comes from the high-mountain
plateau around the Triglav lake valley. The whole plateau is composed
of limestone and below the surface there is a system of deep caves.
Along the northern shore there are some small springs. After heavy rain
a temporary waterfall spring appears about 100 m above the lake on
the northern shore. At the eastern side of the lake, the Sava Bohinjka
River acts as outflow. The water level is the highest during the early
summer (May), caused by snow melting, and the lowest during late
winter. As for the lake water temperature, the average surface water
temperature is 8.5°C. During summer the average temperature reaches 18°C. The lake and its surroundings offer a lot of opportunities for
different sports and leisure activities.

Geographical position

Slovenia
Gorenjska
Bohinj and Bovec
φ=46°17’04’’ λ=13°51’38’’

Lake catchment

State
Region
Province
Municipalities
Geographical Coordinates
of the lake centre

Main characteristics of the catchment area

Surface
Maximal altitude
Average altitude
Main tributaries
Main emissary

107
2568
1462
4,6 – 5,6
6,6 – 9,9

Savica
Sava Bohinjka

km²
m a.s.l.
m
m3/s
m3/s

Main characteristics of the lake

Surface
Ratio catchment area/lake area
Perimeter
Average altitude
Maximal Depth
Average Depth
Volume
Water change time

3,3
32,4
11
526
44,6
29,5
99,7
0,3 – 0,5

km²
km
km
m a.s.l.
m
m
M m3
years

Temperature and rainfall
Mean rainfall (mm/month)

15

350
300

10
250
200
5
150
100

0

50
0

-5
Jan

Feb

March Avril

May

June

1-Rainfall (1971-2000)
1-Temperature (1971-2000)

July

Aug

Sept

Oct

Nov

Dec

2-Rainfall (1982-2000)
2-Temperature (1982-2000)

Mean Temperature (°C)

20

450
400

Station
Manager
Municipality
Altitude
Period of measure
Mean temperature
Period of measure
Mean rainfall

Stara Fuzina (1)
ARSO*
Bohinj
547 m a.s.l.
1971 – 2000
7,9°C
1971 - 2000
2261 mm

*ARSO (EARS) is the Environmental Agency of the Republic of Slovenia
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Vogel (2)
ARSO*
Bohinj
1535 m a.s.l.
1982 – 2000
4,5°C
1982 - 2000
???

LAKE WATER

Quality of the water at the end of the mixing, deepest point of the lake
Weighted average concentrations - layer 0 to
Date : 03/05/04
Station : T3
187
7.9
1.9
0.8
-----------

Conductivity (25°C)
pH
Alkalinity
Silice SiO 2
Chlorure Cl
Calcium Ca
Magnesium Mg
Sodium Na
Potassium K

µS/cm

45

Total Phosphorus
Phosphate PO4
Total Nitrogen
Nitrate NO 3
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Lake Bohinj is the most pristine lowland lake in Slovenia. Most
of its shoreline is still natural and about half of it is covered
by mixed forest. The only agricultural activities around the
lake are pasturing and hay harvesting. Buildings (two hotels,
restaurant, camp complex and several summer houses) are
away from the shoreline and hotels and camp are connected
to sewage pipe system. As a result, the water quality is high
and this leads to a diverse fauna and flora. Water transparency most of the time exceeds 10 m and supports the growth
of a rich submerged water vegetation.
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OTHER BIOLOGICAL PARAMETERS
MACROPHYTES

Several emergent species of macrophytes can be found around the lake. Most of them are concentrated in the most western part, where
the main inlet, the Savica River enters the lake and forms a small “delta”. The most evident are reed beds (Phragmites australis), which occupy
an extended area near the delta. Reed is accompanied by additional two species: marsh horsetail (Equisetum palustre) and water mint (Mentha
aquatica).
Below the water surface there are several species belonging to different taxonomic groups. Usually they are arranged in a kind of belt all
around the lake, only interrupted at spots where the most intensive human pressure exists. The deepest layers (between 3-7 m) are occupied by three species of stonewort (Chara aspera, Chara delicatula, Chara rudis), some green algae and two species of water moss (Cinclidotus sp.,
Fontinalis antipyretica). In shallow parts of the lake, representatives of buttercups (Batrachium trichophyllum, Myriophyllum spicatum) are accompanied by
five different species of pondweeds (Potamogeton alpinus, Potamogeton ﬁliformis, Potamogeton lucens, Potamogeton perfoliatus, Potamogeton pusillus).
BENTHIC INVERTEBRATE FAUNA

The lake is relatively rich in invertebrates, which indicates its good ecological status. More than 100 different species are known from the
littoral zone. The most common and the biggest are larvae of insects, which are normally 1-2 cm long (dragonflies (Odonata): 2 species; mayflies (Ephemeroptera): 4 species; caddiesflies (Trichoptera): 6 species; spongilla flies (Neuroptera): 2 species; water bugs (Hemiptera): 1 species;
beetles (Coleoptera): 2 species; nonbiting midges (Chironomidae): several species). In addition, there are 10 species of water snails (Gastropoda)
and one species of clam (Bivalvia). Under stones three species of leeches (Hirudinea) can be found and one species of hydrozoan (Hydrozoa).
The rest of fauna belongs to small-bodied crustaceans (usually 1-2 mm long), where water fleas (Cladocera), copepods (Copepoda) and seed
shrimps (Ostracoda) prevail (in total more than 40 species). In open water, 6-7 species of water fleas and copepods can be found during summer. In some places around the lake, where spring water appears, it is possible to find some species adapted to groundwater or cave life.

MAIN USES
BATHING

In 2003, on the basis of the Water Act and the Bathing Water Directive, the Slovenian government passed regulations and decrees
which determine the bathing areas in the freshwaters and issued
guidelines for the monitoring of the water quality.
In 2005, at Lake Bohinj, one bathing area (Fu inarski Zaliv) was monitored at two sites in order to check the compliance with the national legislation on bathing quality. The monitoring was performed
during bathing season, from 15th of June to 31st of August in two
weekly intervals (7 times). No restrictions on bathing were imposed,
thanks to low levels of selected contaminants in water.
The number of monitoring sites is constant from the beginning of the
national monitoring (2004) and the quality of water never exceeded
the permitted levels.

Bathing water quality (2005)
Total number of monitored sites: 1
Number of site where bathing is allowed: 1
Number of site where bathing is forbidden: 0
Water quality trend
Not available.

WATER INTENDED FOR HUMAN CONSUMPTION
AND OTHER USES

There is no abstraction point on Lake Bohinj.

FISH FAUNA AND FISHING

Lake trout (Salmo trutta m. lacustris) – was the dominant fish of the lake before arctic char (Salvelinus alpinus) was introduced into Lake Bohinj in
1943. It can grow up to 120 cm in length and can weigh up to 20 kg. In the past their number was significantly reduced due to overfishing,
but they are still well present in the lake. This trout prefers to stay in the depths near the outflow of torrents and ground sources.
Brown trout (Salmo trutta m. fario) – lives in the lake as well as in the Sava Bohinjka River and its affluents. There are minor differences among
brown trout spawning in the lake and that spawning in the Sava Bohinjka River. The lake fish (spawning also in the Savica River) is larger
and stockier, with larger red spots, the body has golden-yellow sides. It can grow to 60 cm or more.
Grayling (Thymallus thymallus) – inhabits the Sava Bohinjka River, parts of its affluents and also the Lake Bohinj. Recently, breeding of grayling
has been initiated in the lake, using high breeds from the Sava River.
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Several other autochthonous fish species can be found in Lake Bohinj:
- burbot (Lota lota) - numbers have fallen recently
- chub (Leuciscus cephalus) – numbers have fallen recently, mainly due to increased number of huchen
- huchen (Hucho hucho) – numbers are increasing
- blageon (Leuciscus soufﬁa agassizi) - population stable
- dace (Leuciscus leuciscus) - population stable
- bullhead (Cottus gobio) - population stable
- minnow (Phoxinus phoxinus) - population at risk
- barbel (Barbus barbus)
- char (Salvelinus alpinus) - becoming the most abundant
- brook trout (Salvelinus fontinalis)
- rainbow trout (Salmo gairdneri)
- perch (Perca ﬂuviatilis)

CATCHMENT AREA

SOIL MANAGEMENT
Lake Bohinj is the largest permanent and natural lake in Slovenia. It is
located in the upper Bohinj Valley in the North West of Slovenia.
The very narrow coastline area steeply rises to the nearby hilly regions and higher level plateaus. The lake catchment is predominantly mountainous with the average height of 1462 m a.s.l. The area is
mostly covered by forests and seminatural areas (96 %). Land use
analysis by Corine Land Cover (CLC) discloses that the other categories occupy only a small portion of the catchment, water bodies 3
%, agricultural areas 1 % and artificial areas 0.1 %.
It has to be pointed out that wetlands in the Bohinj Lake catchment
exist, but they are below CLC resolution. Small wetland areas can
be found in the northern part of the catchment basin.

Picture 1
Land use in Lake
Bohinj catchment

ARTIFICIAL SURFACES
LAND USE

The artificial surfaces account for the 0.11 % of the catchment area.
They are located on the far east edge of the catchment, by the
outflow of the lake into the Sava Bohinjka River. The artificial surfaces are represented by a part of the settlements of Rib ev Laz and
Stara Fu ina. These surfaces therefore encompass only the urban
fabric (100%). Other artificial surface categories are not present in
the catchment.
In addition, a small regional tourist road with the length of 8 km runs
along the south coastline of the lake (from Rib ev Laz to Savica Waterfall), not recognized by the corresponding CLC subclass.

0%

0%

0%

Picture 2
Percentage of
artiﬁcial surface CLC
subclasses

100%
Urban fabric
Industrial, commercial and transport units
Mines, dumps and construction sites
Artifical non-agricultural vegetated areas
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ARTIFICIAL SHORELINE

Due to the position of Lake Bohinj in the Triglav National Park area
any kind of artificial interfering into the lakeside environment is strictly
supervised and controlled. Therefore the lake shoreline hasn’t been
significantly modified in its morphological aspects. The shoreline of
the lake is not categorised as artificial shoreline.

Figura 3
Artiﬁcial shoreline

URBAN DENSITY AND TOURISM

In the Bohinj Lake catchment the resident population number reaches 158 inhabitants, at the density of 1.5 inhab/km². The majority
of inhabitants are located in Stara Fu ina (58%), while the rest lives
in the areas of Ukanc (26%) and Rib ev Laz (16%).
The tourist population reaches its maximum during the summer and
winter months. The average tourist population density within the catchment is 12.6 inhab/km² (expressed as accommodation capacity,
including the capacity of a camp-side and alpine huts). There is one
camping place in the catchment area, in Ukanc, right beside the
west shoreline of Lake Bohinj. Its capacity is 500 guests. In the catchment area there are also five alpine huts, which are to be found
mostly in the NW part of the catchment area and can provide an
accommodation for 490 mountaineers. The rest of the accommodation capacity in provided by hotels, apartments and pensions. They
are located mostly along the eastern part of the lake. There are 972
accommodations in Rib ev Laz and 595 in the area of Stara Fu ina.
On the western part of the lake, in the Ukanc settlement, there are in
total 441 accommodations in hotels, apartments and pensions.
On average (data from the years 2005 and 2006), 175 064 tourists
stayed over night in the Bohinj Lake catchment in a one year period
(480 tourists/day; 4.5 tourists/km²).
The ratio between tourist and resident population was 3:2.

Picture 4
Resident population density

Urban density and tourism

Number

Resident population
Tourist population
Total population
Ratio Tourists to resident population: 3:2

Density
Inhab./km²
1,5
4,5
6

158
480
638

POTENTIAL LOADS FROM DOMESTIC SECTOR

Hotels are connected to the sewage system which drains all wastewater away from the catchment. About 90 weekend-houses on
the western part of the lake and few permanent residents are not yet
connected to the system. They use septic tanks which discharge
into the soil.
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Theoretical loads
Population

P.E.

Resident p.
Tourist p.
Total

158
480
638

COD
(t/y)
7,44
22,61
30,05

BOD
(t/y)
3,46
10,51
13,97

N
(t/y)
0,71
2,16
2,86

P
(t/y)
0,10
0,32
0,42

Bohinj
LakeLake
Bohinj
INDUSTRY
TYPOLOGY OF INDUSTRY

Nel bacino del Lago di Bohinj non sono presenti attività o unità industriali.

INDUSTRIAL SITES AT RISK

No such sites are known in the area.

INDUSTRIAL SITES AT RISK

No such sites are known in the area.

COLLECTING SYSTEM AND WASTE WATER TREATMENT
WASTE WATER COLLECTING SYSTEM

At the moment, no private houses (158 permanent inhabitants and
90 weekend houses) are connected to the sewage system. The
waste waters are individually collected to the septic tanks. Only the
hotels are connected to the 4.9 km long sewage system of which
the final receiver is the WWTP in Rib ev Laz. However, during the
next two years all houses are going to be connected to the new
sewage system which will be connected to the WWTP.

Waste water collection system
Combined sewage system:
- Km of sewarage: 4.9 km
- Collected people: hotels
Separated sewage system:
- Km of sewarage: 0
- Collected people: 0
Final receiver:
- WWTP: Rib ev Laz
- Water body: Sava Bohinjka
Overflow:
- Industrial component: 0%

URBAN WASTEWATER TREATMENT

No WWTP is present within the catchment of the lake. There is a WWTP at Rib ev Laz (see above), which collects waste water from the hotels
and discharges downstream from the lake outflow (it doesn’t have any impact on the lake). The resident and temporary population (40 houses
with permanent inhabitants and 90 weekend houses) use the septic tanks that discharge into the soil.

AGRICULTURE AND ANIMAL FARMING
TYPOLOGY OF CULTIVATIONS

0%

In the Bohinj Lake catchment extensive agricultural areas and pastures prevail. Arable land and permanent crops are not present in the
catchment area.

0%

38%

62%

Arable lands
Permanent crops
Pastures
Heterogeneous agricultural area

Picture 5 – Percentage of agriculture areas CLC subclasses

233

AGRICOLTURA E ZOOTECNIA
PESTICIDE USE

The use of pesticides in the Bohinj Lake area has been prohibited for the last 15 years.
ANIMAL FARMING

The number of cattle has decreased constantly in the last 20 years. In the area of Bohinj, cattle-farming was the only activity in the past, but
nowadays most of the farmers have abandoned it. A few cows (about ten) graze grass during summer in the catchment of the lake.

POTENTIAL LOADS FROM AGRICULTURE

There is no significant agriculture activity in the catchment of the lake. The potential loads for nitrogen and phosphorus can be estimated at
5 t/y and 2 t/y respectively.

POTENTIAL LOADS FROM ANIMAL FARMING

There are approximately 10 cows in the catchment area and the loadings of P are not relevant. We can evaluate the load from animal farming
as 90 p.e.

NATURAL AND SEMINATURAL AREAS
LAND USE

25%

Scrubs and/or herbaceous vegetation encompass the biggest portion of natural and seminatural categories in the Bohinj Lake catchment after CLC classification. Quite a significant part of the catchment is overgrown by forests.

36%

39%
Forests
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation

Picture 6
Percentage of forests and seminatural area CLC subclasses
NATURAL PROTECTED AREAS

The whole Bohinj Lake catchment territory belongs to the Triglav National Park. The park encompasses
107 km² of the lake catchment. In the range of the national park there is an area of 21 km² additionally protected as natural reserve and
a small area of natural monuments (0.008 km²). The lake catchment
belongs also to the category of Special protected areas (Birds directive) and a significant part also to the Sites of community importance.
Some wetlands can also be found in the lake catchment, the biggest
is Lake Bohinj, the rest are smaller, e.g. Ledvica, Jezero na Planini pri
Jezeru, Rjava mlaka, Dvojno jezero, etc.

Typology
Parks
SIC
ZPS
Other areas
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Number
1
1
1
1

Extent (km²)
107
92
107
3

Picture 7
Natural areas

Bohinj
LakeLake
Bohinj
WATER
WATER ABSTRACTION

23%

In the overall catchment the abstraction of water for public supply
is around 0.0077 Mm³, including the weekend houses (temporaral
inhabitants). The amount of water per capita is approximately 178
l/inhab. The amounts considered are the granted ones. In this figure
only the permanent inhabitants are included. If we consider around
90 weekend houses, the amount of water per capita is approximately 58 l/inhab.
Other uses are mostly linked to tourism (hotels, ski center) and account for 77 % of the total.

77%
Public supply

Other uses

Picture 8
Drinking water abstraction
- Amount of water used for public supply (at catchment scale):
0.0077 Mm³
- Water per capita: 178 l/inhab.

Percentage of water abstracted per use

Other water use.
- Amount of water abstracted (at catchment scale):
Typology of use
Public supply
Other uses
Total

Volume (Mm³)
0.0077
0.0260
0.0340
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number of days per w inter

The observations of the ice cover appearing on Lake Bohinj have
been recorded since 1919. The average number of days per year
with an ice layer on the lake is 49.1 for the period between 1919
and 2004. In the last thirty years (1971-2000), the number of days
with ice per year has decreased by 10 days compared to the past
periods. After 1991, the ice cover on the lake started to appear 5 to
6 days later in January then before 1991, and to disappear at the
beginning of March, compared to the previous years, when it lasted
till the end of March.

Picture 9
Number of days per winter with ice on the lake surface

POTENTIAL AND EFFECTIVE LOADINGS

Potential loadings
12%
0%

Household emissions
Zootechnical emissions

Picture 10

Nutrient and pollutant balance

Potential loads from
different sectors

Source

Sector
p.e..
Household emissions 638
Industrial emissions
0
Animal farming emissions 90

COD
t/y
Household sector
30,1
Industrial sector
0
Agricultural sector
Animal farming sector
Total
30,1

BOD
t/y
14
0
14

Nitrogen
t/y
2,9
0
4,9
7,8

Phosporus
t/y
0,4
0
2,3
2,7

88%
Industrial emissions
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Phosphorus detailed
Point source

0 t P/y

IWW
WWTPs

Industrial activites
0 t P/y
Public sewer
system
Industrial activites
0,16 t P/y

Overflows

0 t P/y
0 t P/y
0 t P/y

Out of catchment

Individual
treatment

- t P/y

Diffuse source
Background

2,1 t P/y

Agriculture and zootechny

0 t P/y

2,1 t P/y
Effective P loadings
Theoretical Coefficient application
As showed above the phosphorus total load coming to the lake is about 2 t/y, due mainly to the diffuse source.
Monitoring data
Monitoring data of the phosphorus loadings through precipitation and tributaries are measured from 1997. The average phosphorus loading
(tributaries and precipitation) for the period 2000-2005 was 1.4 t/y.
Loads from OECD models
Applying the OECD model for deep lake, the evaluation of the load of phosphorus is 0.62 t/y.

Data
Morphometry
Hydrology and climatology
Land cover, land use
Population and tourism
and Bohinj Tourist Board
Industry
Industrial sites at risk
Contaminated sites Collecting and wastewater
treatment system
Agriculture
Land farming
Natural areas
Water uses
Bathing
Chemical and physical quality of water
Biological quality of water
Ice cover
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Source
ARSO (EARS) is the Environmental Agency of the Republic of Slovenia
Corine Land Cover (2000)
Central inhabitants registry of Slovenia, Statistical office of the Republic of Slovenia, The statistic data of Bohinj municipality

Bohinj Municipality

Bohinj Municipality
Environmental Agency of the Republic of Slovenia
National Institute of Biology (NIB)
National Institute of Biology (NIB)
Environmental Agency of the Republic of Slovenia
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