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1.

Executive Summary

The overall aim of INTCATCH is to bring together, validate and exploit a range of
innovative monitoring tools for river and lake water quality into a single efficient reliable
business model for delivering catchment management.

INTCATCH tools will allow for the monitoring of parameters to meet the objectives of the
Water Framework Directive (and other relevant legislation) by focussing effort on
investigative, operational and surveillance monitoring. The tools will include:
• Autonomous and Radio controlled boats,
• Biosensors and gene probes,
• DNA sensors,
• Stormwater Treatment Systems,
• Decision support, and
• Data visualisation and engagement.

This report provides the baseline information that will be used by all of the work packages
in the INTCATCH project. It sets out the demonstration catchment characteristics, existing
monitoring approaches and relevant water quality indicators. It also outlines the current
monitoring shortfalls where challenges and issues have been identified in the specific
catchments and provides a high-level overview of different tools and monitoring
approaches that can be used to generate useful water quality data and information for
catchment management.

Demonstration catchments
The INTCATCH project has chosen five catchments to focus attention on which will provide
a broad set of opportunities for demonstration and exploitation. These are:
• Lake Garda – Italy
• River Thames tributaries – England
• River Great Ouse – England
• Lake Yliki – Greece
• River Ter – Spain.

Catchment challenges
Each catchment has its own unique characteristics and a range of challenges with water
quality, monitoring and catchment management. There are also common challenges across
all of the demonstration catchments that include:
• Agricultural land use – Pollution of nutrients and pesticides. Pollutants
discharged directly into the river or through the sediment into the groundwater.
• Industrial activity – Heavy metals, PCB’s and petroleum compounds are a few of
the substances that indicate industrial pollution.
• Over abstraction – Drying out of rivers and groundwater sources will mean that
there is less water for the catchment users – whether for irrigation or drinking
water purposes. It also means that there will be less water in the river for dilution
of pollutants.
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•

•

•

Phosphate – Higher impact on Eutrophication of the river producing Algae and
low dissolved oxygen levels. Discharges from sewage works and fertilisers
contribute to the increase in phosphate pollution.
Mis-connections and cross connections – Sinks and washing machines and in
some cases industrial drainage wrongly connected to the surface water drain. This
causes a build up of chemicals in the river such as ammonia, phosphate and nitrate.
Urban run off – Polluted run off from roads.

Table 1 highlights the parameters that have been identified as issues for all of the chosen
catchments. It also includes the standards required depending upon the WFD classification.
Table 1: Common parameters across the Five Catchments that are of ‘concern”
Parameters
Standards
High
Poor
Dissolved Oxygen
80% saturation
45% saturation
Ammonia
0.2mg/l
2.5mg/l
pH
>=6
<=9
Temperature
20
30
Phosphorus
30ug/l
1000ug/l
Nitrate
0.1mg/l
10mg/l
Turbidity
<1NTU
Total Organic Carbon (TOC)
<1ug/l
10mg/l
Biochemical oxygen demand (BOD)
<3mg/l
9mg/l
Chemical oxygen demand (COD)
0.1mg/l
Conductivity
40 μS/cm
4000 μS/cm
Chlorophyll
<1ug/l
Zinc
<10ug/l
Copper
1ug/l
E-Coli
0
0
Mercury
0.05ug/l
0.07ug/l

Next Steps
This report provides the information that:
• Informs the selection process for the appropriate sensors for use in the
demonstration work packages;
• Informs the design innovative monitoring strategies for the demonstration
catchments; and,
• Identifies the issues that INTCATCH could address to inform the plans for
exploitation and the identification of potential early customers.
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2.

The INTCATCH Vision and Objectives

2.1 Background
INTCATCH is funded under the call WATER-1-2014/2015: Bridging the gap from
innovative water solutions to market replication and in particular part (b)
•
Demonstrating /pilot activities of new or improved innovative water solutions in a
real environment.

INTCATCH addresses the three cross cutting priorities of the European Innovation Plan
(EIP) on water:
1. Water governance: by introducing new technological tools to deal with
modern/integrated water management.
2. Decision support systems and monitoring: by demonstrating at a catchment
scale a paradigm shift in monitoring strategies, both enabling and enabled by a
range of technologies, deployed effectively.
3. Financing for innovation: by incentivising public sector innovation in the way
monitoring is undertaken
The overall aim of INTCATCH is to bring together, validate and exploit a range of
innovative monitoring tools for river and lake water quality into a single efficient reliable
business model that is fit for European waters in the period 2020-2025. The project is
being delivered from June 2016 through to March 2020.
2.2

Project Objectives:
1. Demonstrate an innovative approach towards water monitoring.
2. Transfer & validate data into a Decision Support System (DSS) to inform River
basin plans.
3. Demonstrate the application of two remote control boats.
4. To integrate existing and novel sensors into the boat platforms.
5. To integrate and demonstrate a cloud based system to store & visualise data.
6. To transfer novel DNA test kits into the aqueous environment.
7. Demonstrate that tools & strategies can be used to monitor storm water and
improve water quality.
8. To prove the technologies and long - term viability in an operational environment.
9. To increase efficiency through integration of complimentary boat platforms,
innovative and conventional sensors and DNA test kits in monitoring activities.
10. To commercialise the range of technologies and approaches demonstrated through
INTCATCH by creating and marketing a franchised business.

To achieve the objectives of the project we have introduced twelve work packages,
including management and coordination.

This report concentrates on Work Package 2, Innovative approach to water quality
monitoring and specifically the initial task 2.1, which focuses on a review of current
monitoring strategies and tools.
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3.

Work Package 2 – Innovative approach towards water quality monitoring

3.1
Background
Work Package 2, Task 2.1 aims to be the foundation of the project and provides the
baseline information that will be used for all of the work packages. It sets out the
catchment characteristics, existing monitoring approaches and important water quality
indicators. It also outlines the requirements to address the current monitoring shortfalls
where challenges and issues have been identified along the specific catchments. The role
for Work Package 2 therefore is to set the context for INTCATCH 2020, and set criteria for
an innovative approach towards water monitoring using the range of tools that will be
developed and evaluated in the program.

Working closely with future end users (private, community, social enterprise and
regulators) and stakeholders to assess their needs and capabilities, the work package
activity aims to develop catchment-monitoring scenarios to elucidate key data and
understanding for risk assessment and management. Specific plans will be developed for
the catchments to be studied within the program, and to enable empirical learning that can
then be applied for decision-making in ‘generic’ catchments situations.

The program aims to develop and apply both available and new field monitoring
technologies, and generate innovation on monitoring proposals that will initially focus on
the best ‘way’ to assess that water quality problem. By focusing on ‘capability gaps’, the
work package will define ‘digital’ opportunities for catchment management monitoring
towards the concept of ‘Digital Smart River/Lake’.
The work package program will set the ‘criteria’ for catchment monitoring, through which
the new systems, tools and technologies will be subsequently tested and validated in the
demonstration activities, working closely with the field demonstration/evaluation WPs (4,
5 and 8). This builds on the emerging approach across Member States for ‘risk-based’
monitoring, following 9 years of water quality monitoring under the Water Framework
Directive.
Crucially, and recognizing the growing capability and interest in community groups,
stakeholders and the need for regulators to reduce their monitoring program on financial
grounds, the work package will also evaluate the social dimension for the uptake of these
new tools to ensure end-user uptake acceptability, and delivery of data of good quality
through ‘Citizen Science’.

Work Package 2 will also provide input to the subsequent work packages on decisionmaking actions, assessment and dissemination actions.
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Work Package 2 is being progressed in four specific-related tasks:
2.1
Current Monitoring strategies and tools;
2.2
Social dimensions of water quality monitoring and management;
2.3
Innovative investigation monitoring strategies for surface water involving a range
of stakeholders; and
2.4
Rules for the Decision Support System (DSS) setup and validation.

3.2
Approach to work package T2.1
In setting out the review of current practice, from which we aim to innovate from,
regulatory authorities and wider stakeholders have been consulted in a review of their
current chemical monitoring strategies, programs, environmental needs and goals. These
have then been compared to the monitoring needs and challenges for that catchment, as
presented in their most recent River Basin Plan or equivalent.
This approach aims to identify their current ‘state of the knowledge’ for water quality
monitoring, and particularly for investigations that are needed to deliver information to
support implementation of measures.

This task will identify agreed needs and requirements of monitoring strategies and the
clear ‘outcomes’ desired, that then influence tools for monitoring (WP3 and WP4).
Engagement has been interactive with the local stakeholder groups in the demonstration
catchments (UK/Italy/Spain/Greece), thereby ensuring future end users play a crucial role
in shaping the future approach to monitoring.

This review aims to help define the INTCATCH water quality monitoring goals and shape
the monitoring strategies (Task 2.3) to make best use of, and promote uptake of, the
INTCATCH tools.

A key product from this task also is to relate contaminants to specific sources and to
compile a robust set of water quality indicators and needs for the relevant substances in
the catchments, and, for microbial elements, metagenomic and microbiological analysis, to
discriminate where possible:
• Different source types (Combined Sewer overflow, run-off and point sources);
• Contamination source (agriculture, treated and raw sewage); pressures on ecological
status from natural phenomena such as algal blooms;
• Inputs in water bodies independent from the baseline physicochemical state of the
water body. (e.g. sewage at low volumes); and,
• Source location via residence time estimates together with hydrodynamics (by
combining fata data from key degradable and recalcitrant compounds).
• Identify the broadest set of monitoring tools (passive/active/fixed/mobile) that can
enable effective monitoring, as well as what is emerging in the market.
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This report on current monitoring strategies and tools:
• Sets out important water quality ‘indicators’, catchment characteristics and
existing monitoring approaches in the context of outcomes required of future
(RBP2-led) monitoring programs.
• Provides the initial analysis on requirements to address the current monitoring
shortfalls, including input from end users, along with specific catchment
characteristics of the evaluation sites in the UK; Italy; Greece and Spain.

3.3
Chosen Catchments
In the project we have chosen five catchments that we want to focus our attention on to
provide a broad set of opportunities for demonstration and exploitation. This was to
ensure that the INTCATCH products were tested in a diverse range of fresh water
environments.
These are:
• Lake Garda – Italy
• River Thames catchment - England
• River Great Ouse – England
• Lake Yliki – Greece
• River Ter – Spain

Stakeholder engagement activities were started across all of the catchments to help collate
the information to inform this report. More than 32 stakeholders have provided their
views on water quality monitoring and management. The stakeholders who have taken
part so far were from Lake Garda, the Thames catchment and Great River Ouse catchment.
It is hoped that we will build on this stakeholder engagement for all chosen catchments.

The basis of this report and work package 2, task 2.1 have been defined by engagement of
all the INTCATCH partners at the kick off meeting in July 2016. This has been developed
further by
• Visiting the River Ter catchment to visualise the problems / challenges that are being
experienced in the River (October 2016).
• Engagement with catchment partners in the Great Ouse catchment (November 2016);
• Engagement and survey of catchment partners in Lake Garda (June 2016);
• Engagement and survey of Thames catchment partners (June, November 2016).
The report has been supported by information provided by the chosen catchment partners
– Lake Garda (ISS and AGS), River Ter (UVIC – UCC), Thames catchment (Thames 21), River
Great Ouse (Environment Agency) and Lake Yliki (EYDAP).
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4.

The INTCATCH view / interpretation of WFD needs

4.1
The Drivers for the adoption of INTCATCH
There are a significant number of drivers that informed the development of the INTCATCH
project. Three key drivers stand out which will support the adoption of INTCATCH:
1.

2.
3.

Political and economic drivers: The current and future market for INTCATCH is
driven, by the need to meet European legislation predominantly the Water
Framework directive and the needs to reduce costs in monitoring and
environmental management.
Societal drivers: About one third of the world’s population lives in countries with
moderate to high water stress and problems of water scarcity are increasing.
Technology drivers: There is an increasing range of innovative solutions for
water monitoring and management, but as stated in the call WATER -1-2014/2015,
there is a lack of real scale demonstration of their long-term viability.

From a regulatory approach, there are a number of drivers that set and require the
compliance with water quality (environmental) standards (EQSs), both for chemicals and
biological elements. Some directives prescribe set limits; others set chemical boundaries
that are indicative of the ecological status that would be supported by that chemical status.

The Water Framework Directive (WFD) is the most comprehensive regulatory driver for
water quality and is therefore for the INTCATCH project the most important regulatory
driver. The Directive aims to take a holistic approach to water management by ensuring
that the following steps are adhered to:
• To prevent further deterioration and protect and enhance the status of aquatic
ecosystems and associated wetlands;
• To promote the sustainable consumption of water; to reduce pollution of waters from
priority substances;
• To prevent the deterioration in the status and to progressively reduce pollution of
groundwater and;
• To contribute to mitigating the effects of floods and droughts.
Two further directives the Bathing Water (Garda) and Drinking Water (Garda, Yliki, Ter,
Wissey (Great Ouse)) Directives also apply to our test catchments:

The Bathing Water Directive (BWD) purpose is to preserve, protect and improve the
quality of the environment and to protect human health by complementing Directive
2000/60/EC. The directive lays down provisions on the monitoring and classification of
bathing water quality (based on microbiological parameters), the management of bathing
water quality and the provision of information to the public.
The Drinking Water Directive (DWD) aim is to ensure that water that is intended for
human consumption is safe. Its objective is to protect human health from the adverse
effects of any contamination of water by ensuring that it is wholesome and clean. The
directive applies to all water intended for human consumption, apart from natural mineral
waters and waters that are medicinal products.
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4.1.1. Water Framework Directive (WFD)
The European Water Framework Directive (Directive 2000/60/EC), which was published
in the Official Journal of the European Community on 22 December 2000, is probably the
most significant legislative instrument in the water field to be introduced on an
international basis for decades.

The Directive commits European Union Member States to achieve good qualitative and
quantitative status of all Water Bodies (including marine waters up to one nautical mile
from shore) by 2027. It is a framework in the sense that it prescribes steps to reach the
common goal rather than adopting the more traditional limit value approach. The Directive
aims to achieve and ensure “good ecological and chemical status” of all water bodies
throughout Europe by 2027 through the updating and implementation of management
plans at the river basin level. The Directive structure and requirements can be found at:
Water Framework Directive

The Directive is clearly applicable across all of the catchments, which are included within
INTCATCH and provides an appropriate benchmark for activities across Europe and
Worldwide. Whilst the Directive has been in force for 10 years there are still significant
challenges with meeting the required objectives, with little progress to increasing the
number of water bodies that are classified with relevant data, nor the improvement of
chemical or ecological status. In addition, the monitoring that is completed is very costly
and is not ‘risk based’.

The WFD requires an integrated approach to the monitoring and assessment of the quality
of surface water bodies. The assessment of ecological status takes account of the effects at
population and community level, based on the use of specific indices and ecological quality
ratios.

Good ecological status is defined in terms of the values of the biological quality elements
(phytoplankton, macro algae, angiosperms, benthic invertebrate fauna, and fish), the
hydrological and morphological conditions, and the physico-chemical elements.

Good ecological status (or potential) requires that the concentrations of the specific
pollutants (also called River Basin Specific Pollutants) do not exceed the Environmental
Quality Standards (EQS) set at Member State level. There is an indicative, but not
exhaustive, list in Annex VIII of the Directive of possible specific pollutants, which includes
a wide range of substances and groups of substances that can often be detected in surface
water bodies. Table 1 provides an indicative list of some of the Annex VIII substances.
Member States are required to assess whether these or other potential pollutants
(including emerging contaminants) are discharged in significant quantities into water
bodies.

The chemical status assessment and classification is based on the compliance with, legally
binding European Environmental Quality Standards (EQS’s) for selected chemical
pollutants (priority substances) of EU-wide concern. Article 16 of the Water Framework
Directive (WFD) is the legal basis for the identification and review of the European priority
substances that should be reduced or eliminated from all emissions, discharges, releases
and losses in surface water bodies.
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Substances should be prioritised taking into account:
1.
Risk assessments carried out under existing chemically-relevant EU Directives and
Regulations;
2.
Targeted risk-based assessments focusing on aquatic eco-toxicity and human
toxicity, via the aquatic environment;
3.
Simplified risk-based assessments based on intrinsic hazards, widespread
environmental contamination, production volumes and use patterns.
4.
The list of priority substances and the EQS are set in the Directive 2013/39/EU; the
EQSs are designed to protect the environment and human health, via the
environment.

Two types of water column EQS’s are proposed for each priority substance:
1.
The annual average (AA) value or concentration of the substance concerned
calculated over a one-year period. The purpose of this standard is to ensure the
long-term quality of the aquatic environments;
2.
The maximum allowable concentration (MAC) of the substance. The purpose of this
second standard is mainly to limit short-term pollution peaks.

EQS have also been derived for biota, using the approach published under the WFD
Common Implementation Strategy (see below for more information on this). The Directive
2013/39/EU includes a revised (second) list of priority substances to improve the
functioning of the legislation; the number of priority substances is currently 53.

According to EurEau (that represents drinking and waste water service providers from 28
countries in Europe, from both the private and the public sectors) Position Paper on
“Overflows of collecting systems” (May 2016): “requirements to meet good ecological
status of all waters by 2015 are set out by the Water Framework Directive 2000/60/EC
(WFD)”. CSOs are considered in several river basin management plans (RBMPs) as a
pressure causing a serious impact on the receiving waters”

4.1.2 Revised Bathing Water Directive (2006/7/EC)
This Directive lays down provisions for:
(a) The monitoring and classification of bathing water quality;
(b) The management of bathing water quality; and
(c) The provision of information to the public on bathing water quality.

This Directive shall apply to any element of surface water where the competent authority
expects a large number of people to bathe and has not imposed a permanent bathing
prohibition, or issued permanent advice against bathing (hereinafter bathing water).
Member States shall annually identify all bathing waters and define the length of the
bathing season. Member States shall ensure that sets of bathing water quality data are
compiled through the monitoring of the parameters set out in the directive.

As a result of the bathing water quality assessment carried out in accordance with Article
4, Member States shall, in accordance with the criteria set out in Annex II, classify bathing
water as: (a) ‘poor’; (b) ‘sufficient’; (c) ‘good’; or (d) ‘excellent’.
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Member States shall ensure that bathing water profiles are established in accordance with
Annex III. Each bathing water profile may cover a single bathing water or more than one
contiguous bathing waters. Member States shall ensure that a series of information are
actively disseminated and promptly made available during the bathing season in an easily
accessible place in the near vicinity of each of the bathing water:
For example in the case of bathing waters subject to short-term pollution:
a) Notification that the bathing water is subject to short-term pollution;
b) An indication of the number of days on which bathing was prohibited or advised
against during the preceding bathing season because of such pollution; and
c) A warning whenever such pollution is predicted or present.

The most frequent causes of microbiological pollution reported under the BWD are
pollution from sewage water as a result of sewer system failures or activation of storm
water overflows, water draining from farms and farmland, and animals and birds on or
near beaches (EEA, 2016).

Combined Sewer Overflow (CSO’s) lead to multiple, uncontrolled, point sources of
pathogens and pollutants to surface waters. They are one of the major threats for the
quality of bathing waters and therefore for human health. Such overflows may cause
oxygen depletion, nutrient enrichment/eutrophication and toxic effects for aquatic
organisms. These can result from pesticides, herbicides, fertilisers and other substances
commonly applied to urbanised areas, farmlands and suburban gardens.

Organic substances, hydrocarbons, chemicals, heavy metals, litter and pathogens (e.g.
bacteria, viruses, parasites) in the released wastewater can adversely affect water quality
and aquatic life, and impair bathing or the use of drinking water from nearby drinking
water supply zones.

There are no EU-wide statistics on the actual number of CSO’s at the agglomeration or
national level. In the position paper EurEau roughly estimated 650 000 CSO’s in Europe,
based on the experience and observations of EurEau members.
EU Member States (Austria, Bulgaria, the Czech Republic, Finland, France, Germany, the
Netherlands, Slovakia, Sweden and the United Kingdom) reported in 2010, under WFD
reporting, that CSO’s exerted significant pressure on the ecological status of surface waters
in their river basin districts.

In the future, the impacts of storm water overflows could also be influenced by climate
change, as changes in precipitation can influence the frequency and volume of discharges.
In the future, more intense rainfall events are expected particularly in northern and central
Europe, and these might cause more frequent overflows with larger volumes.

According to EurEau Position Paper (May 2016) the Bathing Water Directive addresses the
CSO impacts by classifying the bathing waters affected by CSO’s as “subject to short-term
pollution”. Short-term pollution means microbiological contamination which has clearly
identifiable causes, is not normally expected to affect bathing water quality for more than
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approximately 72 hours after the bathing water quality is first affected and for which the
competent authority has established procedures to predict and deal with.

4.1.3. Drinking Water Directive (98/83/EC)
The DWD sets the general obligation that drinking water must be wholesome and clean,
and sets quality standards for drinking water quality parameters (microbiological,
chemical, indicator parameters and radioactivity). The directive obliges Member States to
monitor drinking water quality regularly, to take remedial action if the monitoring reveals
problems and to provide consumers with adequate and up-to-date information on the
quality of their drinking water.

It allows Member States to exempt water supplies serving fewer than 50 persons or
providing less than 10 m³ of drinking water per day on average. A total of 48 parameters
must be monitored and tested regularly. In general, the basis for the standards is the
WHOs guidelines for drinking water and the opinion of the EC’s Scientific Advisory
Committee.
Annex I of the directive divides the parameters into microbiological parameters, chemical
parameters, indicator parameters and radioactivity. The two microbiological parameters
are E. coli and enterococci. Their parametric value is a substitute for zero. In other words,
these organisms should be absent from drinking water to guarantee its quality.

Other parameters are clostridium perfrigens (if water is taken from surface waters) and
coliform bacteria. The indicator parameters indicate that something has changed in the
source, the treatment or the distribution of the water. This needs to be investigated and
may require urgent action. Most indicator parameters do not pose a direct threat to human
health, but they might have an indirect impact through the appearance, taste or odour of
the water, making it less acceptable to the consumer, or they might interfere with proper
treatment.

The DWD considers the water quality at the tap, after treatment. The river basin
management plans under the mentioned WFD covers the raw water resources, the
catchment and the wider environment within the area of the river basin, including bathing
waters as well as point source pollution from domestic or industrial wastewater treatment
plants.
During the revision of the third edition of the Guidelines for Drinking Water Quality, the
WHO has highlighted the importance of applying a new approach to water management.
The approach, named water safety plan, was defined in 2004 and today, 11 years later, is
still the best strategy to ensure that drinking water is clean and safe, ensuring the
protection of human health, the primary objective of WHO.

The model of WSP systemat the management models applied in the field of drinking water,
extending the concepts of risk analysis previously limited only to certain segments, the
whole water supply chain, from the catchment to the tap.

The three key components of a WSP, guided by health-based targets, are described in WHO
Guidelines as: - a system assessment to determine whether the drinking-water supply
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chain (up to the point of consumption) as a whole can deliver water of a quality that meets
identified targets. This also includes the assessment of design criteria of new systems; identifying control measures in a drinking-water system that will collectively control
identified risks and ensures that the health-based targets are met.

4.2. Monitoring requirements for the Water Framework Directive
The WFD requires 3 monitoring programs for chemical substances:
1.
Surveillance monitoring: to supplement and validate the impacts analysis, to
support the efficient and effective design of future monitoring programs, to assess
long-term changes in natural conditions and changes resulting from anthropogenic
activity. The monitoring is performed at least once every management cycle
(usually every 6 years).
2.
Operational monitoring: to establish the status of those water bodies identified
as being at risk of failing to meet the WFD’s environmental objectives and to assess
any changes in the status resulting from the programs of measures.
3.
Investigative monitoring: to determine the reasons for exceedance or predicted
failure to achieve environmental objectives if the reasons are not already known;
and to determine the magnitude and impacts of accidental pollution.
The frequency of monitoring is monthly for the priority substances in water column and
annual for sediment and biota. For the specific pollutants the frequency is every 3 months.

In recent years the classical single-chemical risk assessment approach for the management
of chemical pollution of water bodies has been shown to have some limitations highlighted
by recent European Projects and reports (e.g. EDA-Emerge ITN-FP 7
http://www.ufz.de/eda-emerge/; Solutions; EU technical report on effect-based tools.
http://enveurope.springeropen.com/articles/10.1186/s12302-015-0039-4).
This is
because it is not possible to analyse, detect and quantify all substances that are present in
the aquatic environment. In addition, the costs of monitoring have grown as both
monitoring networks and substances being determined have been expanded to meet these
regulatory requirements. Exploring other monitoring approaches to deliver the data
required for surveillance, operational and investigative monitoring is a key step in
improving efficiency, and effectiveness, (see Section 10) in meeting regulatory imperatives
and delivering environmental outcomes.
The INTCATCH project aims to present the state of the art of a selection of water quality
monitoring tools and to describe how these tools can help EU Member States to deliver
more efficient monitoring programs (including reduction of monitoring costs).

The implementation of the Water Framework Directive has raised a number of shared
technical challenges for Member States, the Commission, the Candidate Countries and the
European Economic Area (EEA), as well as stakeholders and NGOs. Many of the European
river basins are international, crossing administrative and territorial borders and
therefore a common understanding and approach is crucial to the successful and effective
implementation of the Directive.

In order to address the challenges in a co-operative and coordinated way, the Member
States, Norway and the Commission agreed on a Common Implementation Strategy
(CIS) for the Water Framework Directive. The results of this work, including guidance
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documents, key events and additional resource documents related to different aspects of
the implementation, are available at the Communication and Information Resource Centre
for Administration Businesses and Citizens (CIRCABC). For the period 2016-2018 a specific
work program has been published at:
https://circabc.europa.eu/sd/a/6b94f19b-97e5-4e46-97f0
817822859b5f/CIS%20Work%20Programme%202016-2018.pdf

A schedule of the Water Framework Directive articles can be found in Appendix 1 at the
end of the report. The articles that are referred specifically to in the INTCATCH report are
highlighted in blue.
4.3.
Monitoring requirements for the Bathing Water Directive
To manage water quality, Member States monitor bathing water during the bathing season.
They take samples of bathing water and analyse them to assess the concentrations of two
bacteria, Escherichia coli and intestinal enterococci. This has to happen once a month
during the bathing season, with a minimum of four samples per season collected at each
bathing water site.
The monitoring point shall be the location within the bathing water where:
(a) most bathers are expected; or
(b) the greatest risk of pollution is expected, according to the bathing water profile.

4.4.
Monitoring requirements for the Drinking Water Directive
Assessing drinking water quality is based on the spatial scale of a water supply zone. A
water supply zone is “a geographically defined area within which water intended for
human consumption comes from one or more sources and within which water quality may
be considered as being approximately uniform” (Annex II, DWD). This means that a water
supply zone could be a waterworks that collects and processes raw water from two
drinking water reservoirs; or it could also be an elevated tank that supplies a district with
drinking water. The directive makes a distinction between large and small water supply
zones. Large water supply zones supply more than 1 000 m³ of drinking water per day, on
average, or serve more than 5000 people. Small water supply zones are sub-divided into
three further categories: category 1 supplies 10–100 m³ per day; category 2 supplies 100–
400 m³ per day; and category 3 supplies 400–1 000 m³ per day.
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5.

INTCATCH catchments and their challenges

This section of the report provides the baseline information for each of the chosen
catchments, setting out their characteristics, existing monitoring approaches and
important water quality indicators. It outlines the requirements to address the current
monitoring shortfalls where challenges and issues have been identified along the specific
catchments.

The monitoring in the catchments is being carried out to demonstrate the INTCATCH tools,
technologies and business model. The monitoring activities have been scheduled to align
with the INTCATCH delivery programme. Each catchment will have its own unique
monitoring programme based on the information provided below.

The catchment schedule is as follows:
1.
Lake Garda
2.
Thames tributaries (Urban)
3.
River Great Ouse (Agricultural) – CamEO (Cam and Ely Ouse catchment).
4.
River Ter
5.
Lake Yliki

The baseline information is essential to identify and deliver bespoke, problem oriented
monitoring strategies that reflect future pressures and give clear “outcomes” desired that
then influence the INTCATCH tools selected for monitoring. This information in this report
also helps to deliver the objectives set out in Work Package 2 task 2.3 “Innovative
monitoring strategies”.
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6.

INTCATCH catchments and their challenges - Lake Garda, Italy

6.1.1 Description of river basin district / catchment
The catchment information has been kindly provided by, Istituto Superiore Di Santia (ISS)
and Azienda Gardesana Servizi Spa (AGS).

Lake Garda is the largest lake / basin in Italy, and one of the largest and most important of
Western Europe. The lake contains about 30% of the whole natural and artificial lake
water resource in Italy and is one of the most important Italian freshwater resources. It is a
popular holiday location and is located in northern Italy, about halfway between Brescia
and Verona, and between Venice and Milan. Glaciers formed this alpine region at the end of
the last Ice Age.

The lake and its shoreline are divided between the provinces of Verona (to the south-east),
Brescia (south-west), and Trentino (north). The northern part of the lake is narrow and
deep (more than 300m), surrounded by high mountains, whilst the southern part is wide
and shallow (less than 50m), surrounded by low-lying countryside.

The main tributary is the Sarca River, others include the Ponale River, the Varone /
Magnone River and various streams from both mountain sides, while the only outlet is the
Mincio River. Lake Garda is in a sub catchment of the River Po basin.
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Figure 1: Lake Garda catchment basin

Table 2: Lake Garda Catchment information
Catchment area
2,350km2 (lake included) part of the 70,700km2 of the Po River
catchment area.
Co-ordinates
45° 38’ N – 10° 40’ E
Climate
Average temperature: 2 - 5 °C (Winter)
–
22.5 °C - 30 °C (Summer).
Average rain high: 1,224.6mm
Main uses of the district North: Woods, mountains, towns, tourism.
South: Towns, campsites, hotels, amusement parks, leisure
Facilities, harbours, resort towns, vineyards and olive groves
Population of the district Variable due to the summer tourism (from late April to
September). Total tourism visits in 2015:
- 12 million in the eastern-shore;
- 7.5 million in the western-shore;
- 4 million in the northern-shore.
Summer population: estimated more than 400,000
Winter population: estimated less than 80,000
Water surface area
368 km2
Water volume
49.030 x 106 m3
Maximum width
16km
Average depth
142m
Maximum depth
346m
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Lake Garda is predominantly used for the following:
•
Tourism: Bathing, water recreation, navigation and recreation.
•
Drinking water abstraction for the public aqueduct: This is about 6% of the
water supply of the Azienda Gardesana Servizi (AGS) area.
•
Water companies of the Lake Garda area abstraction:
– Azienda Gardesana Servizi (AGS) – Eastern shore.
– Sirmione Servizi (SRL) – Water utility of the municipality of Sirmione.
– Garda Uno (SPA) – Western shore.
– Gruppo Alto Garda Servizi SPA – Northern Shore.

All the wastewater coming from the municipalities located in the western and in the
eastern shore is treated at the centralized WWTP of Peschiera del Garda (330.000 PE). The
treated water is discharged into the River Mincio (the outlet river of the lake) and not in
the Lake.

6.1.2 Protected sites

Lake Garda has been designated as having a number of protected sites in and around the
lake these include the following sites:
•
Drinking water protected areas
•
Fish protected areas
•
Shellfish protected areas and areas for professional fishing
•
Bathing areas
•
Sensitive areas (Directive 91/271/CEE)
•
Nitrate Vulnerable zones
•
Natura 2000 and RAMSAR protected sites

The south-east area of Lake Garda is a Site of Community Importance (SCI) (EU Directive
92/43/CE “Habitat” – Natura 2000 network) coded as IT 3210018 - “Basso Garda”; near the
lake there are other important and large protected areas [e.g. IT 3210003 - “Laghetto del
Frassino”, IT 3210007 – “Monte Baldo: Val dei Mulini, Senge di Marciaga, Rocca di Garda”,
IT 3210004 – “Monte Luppia e P.ta San Vigilio”, etc.].
See http://www.pcn.minambiente.it/viewer/index.php?project=natura

6.1.3 Current monitoring.

The water quality monitoring for Lake Garda is completed by the following organisations:
Eastern side (Veneto Region) is completed by the Local Environmental AgencyARPA Veneto. http://www.arpa.veneto.it/.
Western side monitoring is performed by ARPA Lombardia.
http://ita.arpalombardia.it/ita/settori/acque/index.asp.
Northern Side monitoring is performed by APPA Trento.
http://www.appa.provincia.tn.it/acqua/corpi_lacustri/laboratorio/pagina21.html
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In compliance with the following directives:
•
Bathing Water Directive
•
Water Framework Directive (Ecological status)
•
Water Framework Directive (Chemical status)
•
Drinking water production

The frequency of monitoring is dictated by the European Directives, for the evaluation of
WFD ecological status the frequency is 4 times a year, and for the evaluation of chemical
status it is 12 times a year.

An inventory of available water quality data is included in the website of ARPA Veneto
Region. Bathing water monitoring data are available on the website of the ministry of
health (http://www.portaleacque.salute.gov.it/PortaleAcquePubblico/mappa.do).

The information/data for some of the priority substances, for example in biota, are
missing. The pesticides (in total 37) were monitored until 2014 (see link) and the levels
are usually in compliance with the legislative quality criteria. About emerging pollutants a
recent campaign performed in the context of INTCATCH (October 2016) has showed not
particular problems in the lake with levels detected widely below the eco-toxicological
pnec (predicted no effect concentrations); the major problems have been detected in a
river tributary (river Marra). For the substances metformin, melamine and caffeine,
although the levels are below the PNEC, a further evaluation and a better knowledge of the
sources should be performed.

6.1.4 Lake Garda water quality: the parameters required by the Bathing Water

Directive (Directive 2006/7/EC).
A total of 65 sampling points are monitored along the Veneto side of Lake Garda from
Malcesine to Peschiera del Garda. The sampling sites are located as follows; Malcesine,
Brenzone, Torri del Benaco, Garda, Bardolino, Lazise, Caste nuovo del Garda and Peschiera
del Garda.
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Figure 2: Map of Lake Garda Bathing Water Directive sampling points

(http://www.portaleacque.salute.gov.it/PortaleAcquePubblico/mappa.do)
During the 2015 bathing season, all sites were sampled monthly from May to September,
for the detection of two microbiological parameters required by the Bathing Water
Directive, E. coli and Intestinal Enterococci. The results of the sampling campaign showed
that all sites were classified as "excellent" water quality according to the limits required by
the Bathing Water directive. This means that E. coli was lower than 250 cfu/100ml and
Enterococci 100 cfu/100ml according to the Directive’s obligations.

6.1.5 Lake Garda water quality: biological indicators and ecological status

required by the Water framework Directive (Directive 2000/60/EC)
The ecological status of the river and lakes is defined by the integrated assessment
classification of the biological quality elements (BQE):
• Macro-invertebrates, diatoms, macrophytes, fish fauna and phytoplankton only for
lakes. These are expressed as five classes from high to poor.
• The trophic state expressed in three classes from high to sufficient.
• The compliance of the Environmental Quality Standards (EQS) for specific pollutants.
The confirmation of the State High is provided with hydro-morphological parameters.

The ecological status is determined by using an assessment of the worst data from the
substances analysed for the biological quality elements. Three years of data are used for
operational monitoring assessment and one year of data for surveillance monitoring. The
classification of lakes and reservoirs are assessed using the Italian phytoplankton method.
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This is based on the average of two indices, "average biomass index (chlorophyll a)" and
the composition Index, determined on the basis of data from one year of sampling.

For the physico-chemical parameters the Trophic Level of Lakes related to the ecological
status is the “LTLeco index", this is the evaluation of trophic state through which a score
for total phosphorus, transparency and Oxygen are used.

In the Lake Garda there are two stations, located one in the north-western part of the basin
(n. 369 – Brenzone) and another in the south-eastern part of the basin (n. 371 –
Bardolino), where the lake is at its maximum depth. Water samples are taken at different
depths along the water column, for a deep lake such as Garda 10 and 6 samples are taken
respectively at the Brenzone site and Bardolino site.

The results of the 2015 biological and ecological monitoring campaign showed that the
state of water quality based on BQE (phytoplankton) was "good" for both sampling sites.
Based on the LTLeco index the monitoring station 369 (Brenzone located in the north
western basin of Lake Garda was "sufficient state" (due to total phosphorus) and the
station n. 371 (Bardolino) in eastern South basin of Lake Garda had a "good state" (Report
of STATE OF SURFACE WATER OF VENETO) 2015.

6.1.6 Lake Garda water quality: Specific Pollutants and Chemical Status
Specific Pollutants
The specific pollutants that are part of the ecological status of the water framework
directive that are monitored are as follows:
•
Heavy metals (Arsenic and Chromium), and,
•
Volatile organic compounds (1,1,1 Tri-chloroethane, 1,2 Di-cholorobenzene, 1,2
Di-chlorobenzene, 1,4 Di-chlorobenzene, Chlorobenzene, Toluene, Xylenes).
These compounds are monitored in different depths of the lake at monitoring stations 369
(Brenzone) and 371 (Bardolino) for the Veneto Region. For all these substances the values
are below the limits of quantification. In general the chemical status of the Lake Garda for
the Veneto region area (INTCATCH) is classified as good.

Chemical Status
The monitoring of the chemical status is based on the obligations of the Directive
2013/39/UE, priority substances in the field of water policy. The compounds are
monitored in the stations 369 (Brenzone) and 371 (Bardolino) at different depths.
369 – Depths = surface, 20m, 100m, 150m, 200m, 300m and bottom of lake.
371 – Depths = surface, 20m, 40m, 60m and bottom of lake.
In general the chemical status of the Lake Garda for the Veneto region area (INTCATCH) is
classified as good.

6.1.7 Lake Garda water quality: Production of drinking waters

In the Lake Garda (Veneto Region), there are 4 stations where the quality for drinking
water is analysed on the basis of the ministerial decree 260/2010. The monitoring stations
for drinking water purposes are; 336,342,350,428 as shown in Figure 3 below.

25

Figure 3: The drinking water sampling points for Lake Garda

In the period 2013-2015 all the stations were compliant with the chemical parameters
required by the Ministerial Decree 260/2010.

6.1.8 Lake Garda Fishery Products control

Since 2011, the routine control of fishery products, has detected levels above the sanitary
limits for human consumption of PCB and Dioxins in the Eels of Lake Garda. The
contamination was highest in the southern part of the lake and as a result fishing activities
for eels is currently forbidden.

6.1.9 Combined sewers system and CSO in Lake Garda

The current main urban drainage of the Lake Garda catchment basin is carried out by a
combined sewers systems that was constructed more than 30 years ago. Further to the
issues related to the age of the infrastructure, currently the combined sewers system
includes n. 10 submerged CSOs on the east coast of the lake, while other are present in the
west coast. Therefore, CSOs are considered one of the main issues to be monitored and
managed even within INTCATCH.

6.1.10 Key challenges in the catchment
The key challenges facing Lake Garda now and in the future are:
•
PCB and Dioxins in the sediment / biota.
•
Phosphorus trends
•
Monitoring of all 53 priority substances (high analytical costs)
•
Emerging pollutants and mixture of pollutants (problem common to all European
water bodies)
•
Monitoring the impact of CSO’s and secondary tributaries to the lake.
•
Renovation of the main sewer system placed around the lake to collect the
wastewater coming from municipal sewerage networks; a preliminary project has
been completed by AGS and Garda Uno (the estimated cost of the works is about
220,000,000 Euros);
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•
•

Sustainable Development of the area.
Evaluation of microbiological pollution considering the bathing uses of the lake.

6.1.11 Changes to the water quality monitoring to help deliver the environmental

objectives
The changes required to water quality monitoring, that would help deliver the
environmental objectives in Lake Garda are as follows:
•
Analysis for more pesticides because agricultural activities are present around the
lake.
•
Analysis of some emerging pollutants and indicators that are derived from urban
pollution (e.g. pharmaceuticals, cosmetic products and caffeine).
•
Use of in vitro/ in vivo bioassays and use of metagenomics tools for a better,
integrated evaluation of chemical and microbiological pollution and monitoring
programs rationalisation
•
Other biological quality elements (e.g. fish) for the analysis of the communities;
analysis of target bio-accumulative chemicals in fishes.
•
Analysis of sediments (e.g. PCB and Dioxins).

The monitoring frequency is currently in compliance with the legislation, but in some cases
a reduction/ rationalisation of monitoring should be suggested (for example if the level of
a chemical substance is below the limit of quantification for some years).
At the moment the sites included in the monitoring program are representative of the area.
To enhance the program one more site that could tackle the effects of agricultural activities
would be beneficial.

A key discussion therefore is what are the monitoring needs for compliance monitoring
investigations and source-pathway-receptor investigation monitoring as that will shape
what sensors, and what platforms would those tools be deployed to support data
gathering.
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7.

INTCATCH catchments and their challenges - River Thames, UK

7.1
Description of the catchment
The Environment Agency is the regulatory authority that stipulates the environmental
monitoring programme for England. The monitoring programme is developed to ensure
that all the requirements stipulated in the Water Framework Directive (WFD) are
achieved.

The catchment information has been kindly provided by, Thames21, the Environment
Agency and the catchment partnerships.

The River Thames is a river that flows through Southern England. It is the longest river
entirely in England and the second longest in the United Kingdom. It is best known for
flowing through London and alongside other towns and cities, including Oxford, Reading,
Henley-on-Thames and Windsor. The River has a total length of 215 miles. It rises at
Thames Head in Gloucestershire and flows into the North Sea via the Thames Estuary.
Along the river it has 45 navigation locks, 38 named tributaries and over 80 islands. With
its waters varying from freshwater to almost seawater, the Thames supports a variety of
wildlife and has a number of adjoining Sites of Special Scientific Interest, with the largest
being in the remaining parts of the North Kent Marshes and covering 5,449 hectares
(13,460 acres).
As the River Thames catchment spans a great distance we have decided to select four
tributaries to focus and investigate as part of the INTCATCH project. The tributaries that
have been selected represent a good mix of issues and challenges.

The tributaries selected are:
1.
The Hogsmill (South London)
2.
Salmons Brook (a tributary of the River Lee)
3.
River Pinn
4.
Marsh Dykes – ThamesMead (East London)

In this section we describe each tributary in detail to give a good overview of the
challenges and issues that are being experienced.
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Figure 4: The area of the Thames river basin district
7.2.
Hogsmill Tributary (South London)
7.2.1 Description of Tributary:
This tributary is situated in Surrey, SW London. It rises in Ewell as a chalk-fed spring and
flows northwards into the Thames at Kingston upon Thames. The headwaters are mostly
on Chalk, whilst the northern part of the catchment is largely flat, suburban and dominated
by London Clay overlain with heavy, impermeable clay soils. A thin band of sands and clays
(Thanet Sands and Woolwich and Reading Beds) separates the two. Annual rainfall is
approximately 650mm per year, falling more on the high ground.
The Hogsmill is a flashy, responsive regime but the flows are influenced by urban surface
run-off, water imports and sewage effluent (sewage effluent has increased over time and
dominates dry weather flow). There are 2 storm water tanks at Ewell to try to prevent
flash flooding, but they are not always successful.

The population is estimated as follows: (Based on projections from the 2011 census):
•
Hogsmill catchment is 3,242 persons per km2.
•
The catchment area is 72.636 km2.
•
Approximate population in the catchment is 235,485 people.

The catchment characteristics are as follows:
•
Area: 72.636 km2
•
Main River length: 9.908 km
•
53% of the catchment is urban or industrial but the river corridor forms large open
spaces (6.8%) through the urbanised catchment, including local nature reserves,
Hogsmill Riverside and Hogsmill River Park.
•
There are also sports pitches, 3 golf courses and the Epsom racecourse totalling
12% of the catchment. Race days are associated with heavy traffic in the area.
•
Pastures and forest (20%)
•
Arable land (8%) is mainly in the rural south and also to the west of the catchment.
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The river is too shallow and narrow for water sports or canoeing so the river is mainly
enjoyed for its aesthetic and wildlife value. Angling, bird watching and walking are
popular.

Figure 5 – Hogsmill river and catchment boundary
7.2.2 Protected areas
Mole Gap to Reigate Escarpment is situated at the head of the catchment; this is a Natura
2000 Special area of conservation due to the dry chalk grass and heathland.
The catchment also has 3 SSSI’s (Special Site of Scientific interest), although there is only
one that is water related.
•
Epsom and Ashtead Commons SSSI, this includes Epson Stew Pond that has an
approximate area of 358ha. This is designated for being one of the most important
sites for invertebrates in Surrey, including 4 nationally rare deadwood beetles.
•
Banstead Downs SSSI has an area of 124.1 ha. It is a chalk area that supports a
diverse habitat of invertebrates, birds and rare flora.
•
Stones Road Pond SSSI, this has an approximate are of 0.5ha. It is a large deep
pond with one of the largest population of great crested newt Triturus cristatus in
SW England. It is not online with the main river.
7.2.3 Current monitoring
Hogsmill is monitored by the Environment Agency on a monthly basis for phosphate,
ammonia, dissolved oxygen and other pollutants for WFD purposes. However this site is
limited to locations right at the mouth of the river and does not capture the issues
upstream.
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The Environment agency has flow gauging weirs that were in operation from 2008 until
2015. One was near the mouth at Kingston-upon-Thames, but this is disconnected with
base flow due to effluent discharges and the other is near the source at Ewell. There is also
real-time monitoring up and downstream of Hogsmill Sewage Treatment plant (also
situated near the Thames confluence at Kingston upon Thames). This was to inform plant
upgrade works to increase capacity as part of AMP6 and revealed Dissolved Oxygen
crashes upstream at night. Monitoring of the Epsom and Ewell storm tanks in 2015 was
also sampled for Ammonia, turbidity, pH, DO, conductivity and temperature.

As part of the Zoological Society of London’s Outfall Safari Programme and through South
East Rivers Trust, volunteer groups are currently mapping and visually assessing all
surface water outfalls in the catchment. The reports of polluted surface water outfalls that
have been identified by volunteers are investigated by Thames Water Company. River fly
monitoring completed by citizens science groups, at 5 sites along the Hogsmill, one site
(Berrylands bridge) breached all trigger levels on 58% of sampling occasions in 2015.
Riverfly monitoring assesses the water quality of Britain's rivers by identifying and
counting eight key indicator species of invertebrates , which live in our rivers.
There is no continuous monitoring other than WFD Environment Agency monitoring,
which is limited in the number of sites that are monitored. There is a need for long- term;
consistent monitoring that is comparable across the Thames catchment.
The river is designated as heavily modified due to urbanisation, flood protection and
navigation.
The WFD status is as follows:
Substance
Overall
Ecological
Biological
Hydro morphological
Chemical

Status
Moderate
Moderate
Good
Good
Good

The Hogsmill tributary has groundwater abstraction licences that total 8418805 m3 per
annum. This consists of three drinking water abstraction licenses totalling 8374005 m3
per annum (License owners Thames Water and Sutton and East Surrey Water and One
groundwater abstraction license for golf course irrigation of 44800 m3 per annum.
The Riverside open spaces are enjoyed by local people for dog walking, nature watching
and angling.
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7.2.4
•

•

Key challenges in the catchment
Misconnections - The Hogsmill tributary suffers from many misconnections and
water quality issues that we are yet to fully understand. A recent experiment
revealed a huge spike in Ammonia in Green Lanes Stream (a tributary of the
Hogsmill).
Storm tank discharge - Two storm tanks near the source of the river which
discharge raw sewage into the river when they fill over capacity. In November
2012 the Elwell storm tank discharged on 27 occasions, totalling 68 hours and 48
minutes per incident. The Epsom storm tank discharged on 37 occasions totalling
70 hours and 27 minutes per incident.

In addition, other influences on the catchment include:
•
Fly tipping and littering is a huge problem within the catchment;
•
Several major roads that cross the catchment, this adds to urban run-off in the
river;
•
Straightening of the watercourse, and confined by toe boarding or concrete
sections; and,
•
Regular weirs throughout the catchment and surface water flooding is an
issue in the lower, urban part of the catchment.

There are no measures that are described in the River Basin Management Plan which have
been used to predict improvements in status by 2021 for specific elements in this water
body. There are other measures within these programmes, which will happen by 2021 but
there is not enough confidence in location or scale of improvement, to predict specific
outcomes.

These measures include Catchment partnership action fund (CPAF) - Hydro morphological
enhancement in the Hogsmill LNR to reduce the impact of man-made structures on wildlife
in watercourses, reduce the impact of diffuse pollution that arises from urban land use.
The Hogsmill does not yet have a current catchment management plan. However, the river
has a huge volunteer effort, they are all keen to help improve and understand water
quality. Weirs have been removed and, in some areas, meanders have been restored to
improve ecological health and flood mitigation.

The additional information that would be beneficial or used by stakeholders would be
easier citizen science methods for water quality that are accurate and comparable to lab
analysed samples. This would allow easier coverage with the current capacity of staff.
Additionally, the data can often be presented poorly and in an un-engaging manner.
Although sometimes visually striking, often water looks crystal clear but might be suffering
from chronic issues. The effects aren't always as obvious and therefore demonstrating the
need can be difficult to some stakeholders with less experience and knowledge.
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7.2.5

Changes to the water quality monitoring to help deliver the environmental
objectives
Given the urban nature of this catchment, there are multiple potential inputs that will
affect the overall quality. And as the catchment is heavily influenced by run off,
understanding the impact on the catchment requires in situ, real time and event driven
monitoring strategies and tools that enable that to happen.
A key priority is for real-time monitoring at a greater number of sites to assess impact of
the 5 tributaries on water quality and also to monitor the state of surface water outfalls
and to understand the impact of raw sewage flows from the storm water tanks.

Whilst the overall status is moderate, the ammonia in the upper reaches does not qualify as
moderate. Sampling with greater spatial and temporal resolution to understand water
quality variability across the catchment, not just at the confluence with the Thames, where
WFD monitoring takes place.
Parameters: nutrients (ammonia, phosphate, nitrate), faecal coliforms, Temperature, pH,
turbidity and conductivity. Heavy metals as indicators of diffuse urban run off zinc,
chromium, cadmium, lead and others that can identify specific sources.

7.3
Salmons brook (a tributary of the River Lee)
7.3.1. Description of the tributary
The Salmon Brook is a calcareous stream that rises on Enfield Chase and flows through the
borough of Enfield in North London before joining the River Pymmes then the River Lee.
The lower reaches are heavily urbanised and highly modified and chanellised in places.
The flow regime is very flashy and prone to flooding as urban runoff quickly enters the
river.

Topography and terrain: Elevation ranges from 128.5 mAOD at the source to 9 mAOD at
the confluence with the Pymmes. Due to heavy channel modification, there is almost no
channel gradient in the Salmons Brook over the final 5-800m.

Salmons Brook catchment area: 36.956 km2
Main River length: 12.83 km

Population is estimated as follows: The mean population per ward in mid 2015 for the
Salmons Brook catchment is 4673 persons per km2. The average population in the
catchment is approximately 172679.5 people.

The source of the river is situated in green belt land where agriculture (arable 19% and
horse grazing pasture 6.5%) dominates. Open (Trent Country Park, 1.7 km2) and private
(3 large golf courses) green spaces also form an important part of the green belt at 7.5% of
the catchment area.
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Figure 6 – Salmons brook and Catchment boundary
Sixty percent of the catchment is urbanised with residential suburbs, industrial and
commercial centres with some large road and rail networks and this is concentrated in the
middle and lower part of the catchment. Within this, there are urban parks (6.5%). The
Salmons Brook is too shallow for canoeing and other on-water activities. It is culverted for
long sections in the lower course.

7.3.2. Protected areas
No sites within the catchment are classified as protected areas, but the Salmons Brook
enters the River Lea in the middle of the Lea Valley Ramsar and the Lea Valley Special
Protection Area. The Ramsar site supports internationally important numbers of wintering
Gadwall and Shoveler and nationally important numbers of several other bird species. The
site also contains a range of wetland and valley bottom habitats, both human made and
semi-natural, which support a diverse array of wetland fauna and flora. Four SSSIs are
included within the site, 2 are downstream of the confluence with the Salmons-Pymmes
Brook (Walthamstow Marshes SSSI (36ha) and Walthamstow Reservoir SSSI (178.3ha).

7.3.3. Current Monitoring
The EA conducts spot sampling and has hourly monitors installed at a number of locations
in the London Lea catchment, including the Salmons Brook just below Deephams Sewage
Treatment Plant, Edmonton. Parameters measured hourly are: temperature, Dissolved
Oxygen, conductivity, pH, ammonium and turbidity. These fixed sensors are due to be
removed within the next year (date not yet known).

Thames21 conducts monitoring with citizen scientists (3 years of data), but this is not
rigorous and data collected has many limitations. Thames21 also works with universities
to investigate particular questions in relation to MSc and PhD projects, and does some
sampling in-house which in analysed in the Thames21 lab or sent to accredited
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laboratories for analysis. This includes monitoring of treatment solutions such as
infiltration basins and constructed wetlands installed on the Salmons Brook tributaries.

Information & data that is missing from the tributary are as follows:
1. Lack of continuous long-term data monitoring in sufficient locations. Real time hourly
monitoring is only currently completed in a few locations.
2. Testing the right parameters (e.g. EA don’t monitor hydrocarbons).
3. Impact of different tributaries and their relative contribution to overall pollution of the
Lea. This would inform where to focus resources e.g. SUDS projects.
The river is designated as heavily modified due to urbanisation, flood protection and
navigation. The WFD status is as follows:
Substance
Status
Physio chemical
Moderate
Biological
Poor
Fish and Invertebrates
Poor down from moderate in cycle 1.
Hydro morphological
Good
Ammonia
Moderate
Dissolved Oxygen
Poor
Phosphate
Poor
pH
High
Temperature
High
Priority hazardous substances
Good
Salmon Brook is used for a number of activities ranging from the following:
•
Abstraction licences totalling 1084876 m3 per annum.
•
Five Groundwater abstraction licenses totalling 946000 m3 per annum for golf
course irrigation and industrial uses.
•
Two surface water abstraction totalling 138876 m3 per annum, 1 is for agriculture
(pick your own fruit farm) the other is for Deephams sewage treatment plant.
7.3.4. Key challenges in the catchment
Salmons Brook faces typical urban pollution issues:
•
Misconnections and cross connections,
•
Polluted run off from roads and rail network,
•
Point pollution,
•
Sedimentation,
•
Fly tipping and littering,
•
Additionally rural diffuse pollution from agriculture in the headwaters,
•
Low flows in dry weather,
•
Flooding, particularly in the lower part of the catchment at Edmonton,
•
Invasive species (Giant Hogweed, Himalayan balsam)
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River Basin Management Plans measures within the Salmons Brook catchment which are
predicted to improve the status by 2021 for specific elements in specific water bodies
include:
•
Improving discharge quality and storm tank capacity at Deephams Sewage
Treatment Works and discharges below the STW to control and manage point
source inputs.
•
Misconnections rectification for polluted surface water in the Salmons Brook to
reduce point source pollution. Lead by Thames water Companies Investment
Programme.
•
Thames21, Enfield council and funding partners have, between 2014-2016,
installed 6 interventions to improve water quality in the Salmons Brook and its
tributaries (roadside swales, constructed wetlands, infiltration basins). Thames21
have an on going public awareness campaign around misconnections in the
catchment.
•
Thames21 and the University of Oxford are developing an INCA model to analysis
strategic locations for interventions of constructed wetlands and where they
should be prioritised.

7.3.5. Changes to the water quality monitoring to help deliver the environmental
objectives
More sampling and analysis of the following compounds would support assessment of
source-pathway-receptor pressures and catchment characterisation in the Salmons Brook
catchment:
•
Polycyclic aromatic hydrocarbons (PAH) and or Total Petroleum Hydrocarbons
(TPH) they are both indicators of road run-off.
•
Petrol additive – Methyl tertiary-butyl ether (MTBE).
•
Total nitrogen to measure the effectiveness of interventions (e.g. in constructed
wetlands) to assess the complete removal of nitrogen compounds.
•
Ammonia, nitrate, phosphate, Dissolved oxygen, Biochemical Oxygen demand,
Faecal coliform bacteria – due to significant impact of misconnections / cross
connections in the catchment and their impact on the river ecology.
•
Heavy metals – Cadmium, lead, Mercury, Zinc and copper – from the remobilisation
of historic pollution and industrial pollution.
•
Conductivity, pH, turbidity,
•
Pesticides to quantify the contribution from agricultural headwaters.
As with the Hogsmill tributary, more real time monitoring is needed to understand the
impact of the individual flow events in a flashy catchment, and to understand performance
of constructed wetlands in various flow conditions.

Monitoring sites need to be above and below the constructed wetland sites to investigate
known/ suspected polluted surface water outfalls. More sites in the main tributary are also
required to better understand the contribution to the main channel and as a warning
system for pollution incidents.
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7.4.
River Pinn catchment
7.4.1. Description of catchment
The River Pinn is an impermeable (largely London Clay) suburban catchment west of
London. Its headwaters rises in the countryside North East of Harrow Weald Common and
runs through substantial urban developments of Pinner, Eastcote, Ruislip, Ickenham and
onto Uxbridge (where it passes through the grounds of Brunel University). It then joins the
Frays River, a tributary of the River Colne, at Cowley, then the Thames at Staines.

The topography is relatively flat and low lying (156 - 20 mAOD with a mean 30-50 mAOD),
with an average annual rainfall for the area is approximately 700 mm a-1.
The Pinn is classified as a heavily modified catchment with a calcareous water body and
has a very flashy regime. As the river is situated in the London Basin geological area where
the solid geology is mainly a thick layer of London Clay (100-125m thick) this makes the
catchment mostly impermeable and subject to groundwater flooding.

Significant urbanisation means that surface runoff quickly enters the river via the surface
water drainage network. Pluvial and sewer flooding due to excess surface water entering
the network has occurred throughout the catchment.
The Pinn catchment Area is approximately 45.814 km2 with the length of the main River
Pinn being 19.896km. It has an estimated population of approximately 153,399 people.

62% of the catchment is urban and industrial and 10% is urban parks and green spaces.
There are 6 golf courses and 2 sports grounds (10% of the catchment). A further 25% is
pasture and woodland, mainly towards the head of the catchment, including Ruislip Woods
National Nature Reserve.

Waterside activities include walking (12km Celandine Trail follows the course of the Pinn),
bird watching and angling. There is a sand beach at Ruislip Lido (60 acre lake, on a
tributary of the Pinn, swimming and boating are not permitted due to blue-green algae
outbreaks)
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Figure 7 – River Pinn and Catchment Boundary
7.4.2. Water Framework requirements
For WFD monitoring, the Pinn main river is the only water body in the Pinn catchment.
However there are 2 main tributaries and a man-made lake, the Ruislip Lido.

7.4.3 Protected areas
There are areas that fall under the Nitrates directive and Ruislip woods that are a SSSI.
This is an ancient woodland, acid grass health and wetland containing nationally rare plant
species.

7.4.4. Current monitoring
The Environment Agency complete monitoring at one site in this catchment, in addition the
catchment also has two flood warning level-only gauging stations. One operational, located
at Pinn Meadow, mid-way up the catchment in a flood prone area. The other station
located on the River Pinn near the confluence with the River Fray at Uxbridge operated
1984-2004.

In addition to the Environment Agency, Thames water also investigates polluted outfalls
along the catchment. The Friends of the River Pinn have completed 26 months of monthly
river fly monitoring data at 3 sites on the Pinn, plus 9 months of data from a 4th site.
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Information & data that is missing from the catchment are as follows:
•
Currently little or no data on road run off and first flush events.
•
Capacity to investigate and assess misconnections and polluted surface water
outfalls do not happen without going through the local authorities.
•
Outfall investigations in channelised areas where it is too dangerous for volunteers
•
Water quality data to support river fly monitoring.
The River Pinn is designated as heavily modified for flood protection purposes.
The WFD status is as follows:
Substance
Overall status
Biological
Hydro morphological
Ammonia
Dissolved Oxygen
Phosphate
pH
Temperature
Specific pollutants
Supporting elements
Chemical

Status
Moderate
Good
Good
High
High
Moderate
High
High
High
Moderate
Good

The River Pinn catchment is used for its amenity value, rambling and nature watching. It is
too shallow for ‘on-water activities’. And there are no abstraction licences on the
watercourse.

The Pinn catchment is not on target to achieve good status because it is deemed to be
disproportionately expensive and technically infeasible.

The catchment plan highlights two river wildlife corridor improvement schemes (one
initiated, one planned) for the River Pinn. The initiated project is recreating meanders and
backwaters in areas where the river was widened and straightened in the 1930s.

7.4.5.
•
•
•
•
•
•

Key challenges in the catchment
Urban diffuse pollution.
Misconnections and cross connections.
Point source sewage pollution from the water industry.
Channel modification due to urbanisation (widening, straightening and deepening).
Surface water flooding.
HS2 route will cross the catchment. Interest in data before construction starts to
monitor the impact.
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7.4.6. Changes to water quality monitoring to help deliver the environmental
objectives
More sampling and analysis would support assessment of source-pathway-receptor
pressures and catchment characterisation in the River Pinn catchment:
•
Indicators of misconnections – ammonia and phosphate.
•
Indicators of inputs from road run off and industry - presumably heavy metals,
turbidity, conductivity.
•
Dissolved Oxygen, Chemical oxygen demand (COD), Biological oxygen demand
(BOD).
•
Relevant chemical markers that can help to identify the point source in order to be
able to assign culpability in enforcement actions.

7.5.
Marsh Dykes – Thamesmead (East London)
7.5.1. Description of catchment
This low-lying catchment was formerly extensive marshland that has been reclaimed. The
tributaries on the higher ground of Lesnes, Bostall and Oxleas and woodlands on Shooters
Hill, flow down into a system of largely artificial canals and lakes (meres) before flowing
into the Thames. The reclaimed catchment bordering the Thames is below sea level at 0 - 5
mAOD.
The Tidal Thames flood defences prevent the low - lying areas from flooding. One of the
branches of the network exits through the Abbey sluice gate low tide outfall; the other arm
is via a pumping station. Consequently this means that there is only obvious flow during
low tide, or when the dedicated pumping station is operating.

The older canals and lakes are concrete lined, whilst the Twin Tumps canals and lakes are
earth lined. Surface run off from the industrial zones of Abbey Wood is carried through
pipes and culverts that enter directly into the system at South Mere.
The catchment is currently undergoing large changes and investment with demolition of
existing flats and creating of new more modern housing without displacing local residents.

The higher ground consists of sand and pebbles of the Blackheath beds overlying
impermeable London Clays then chalk, whilst the lower areas are relatively impermeable
alluvial deposits over London clay. Having such extensive urban areas contributes to high
surface run off.
March Dyke catchment has an area of approximately 16.592 km2, with the main River
length being 8.649km. The catchment has an approximate population of 96,380 people.

76% of the catchment is used for urban and industrial uses. The next biggest land use is
urban green space (20%), including Oxleas Woodlands SSSI in the upper regions of the
catchment. The remaining 3% of the catchment are sports facilities. There are two canoe
and sailing clubs on South Mere Lake and the canals are navigable by canoes. There are
also two angling clubs that support recreational fishing.
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Figure 8 – Thamesmead Catchment boundary
7.5.2. Protected areas
The headwaters area of the main river is situated in Oxleas Woodlands SSSI. This 72.7 ha
site is designated for being one of the most extensive areas of long established woodland
on the London Clay in Greater London. The woods contain a number of species with a
restricted distribution in Greater London.

7.5.3. Current water quality monitoring
The Environment Agency currently has limited data for WFD status monitoring on the
catchment and this catchment is under revision for cycle 2 of the WFD. The Environment
Agency currently has a flow gauging station at Abbey Sluice Screen, but no data have been
made available.
Gallions / Peabody housing company carry out monthly water sampling at 9 locations on
the canal network and four points on South Mere. Sampling increases to weekly in the
summer months due to blue-green algae issues throughout the Mere and canal network.
They sample and analyse for nutrients, heavy metals and coliform.
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Information & data that is missing from the catchment are as follows:
•
Hourly or real time monitoring on water quality parameters to understand the
impacts on the different culverts and surface water outfalls. This would help to
effectively manage the reed beds and other green infrastructure planned for the
catchment.
•
Information to help with decision making for improved catchment management.
•
Information to implement change in management methods and practice in a time
of big changes, investment and construction in the catchment.
•
Information on tools and technology as a way of educating dis-engaged community
in river issues.

The Marsh Dyke – Thamesmead catchment is designated as heavily modified due to flood
protection and urbanisation purposes.
The WFD status is as follows:
Substance
Overall status
Ecological
Hydro morphological
Ammonia
Dissolved Oxygen
Phosphate
pH
Temperature
Chemical

Status
Moderate
Moderate
Good
Moderate
Bad
Poor
Moderate
High
Good

The Marsh Dyke – Thamesmead catchment is used for canoeing and sailing on the Meres. It
has two anglings clubs and also a private canoe club in the catchment. It is believed that
the canals and Meres are under utilised by the local community. There are no water
abstraction licences in this catchment.

7.5.4. Key challenges in the catchment
•
Low aquatic biodiversity - The canals and meres are mostly concrete lined which
gives little opportunity for emergent vegetation to establish. As a result, algal
blooms and blooms of blue-green algae are common in the Meres in the summer.
•
Low Dissolved Oxygen and Dissolved Oxygen crashes associated with algal blooms.
Five oxygenating Dissolved Oxygen bubblers have been installed between the two
Meres, however these usually are not operational because the motors and cables
get stolen.
•
Misconnections and cross connections. Thames Water is aware of misconnections
affecting 10 - 18 surface water outfalls entering the canal system from nearby flats
and housing, but they have yet to investigate.
•
Blown manholes: Five or more sewer manholes get overwhelmed and blow in rain
events causing raw sewage to enter the canal system.
•
Urban run-off - Culverts carry water from the industrial area of Abbey Wood into
South Mere, this becomes a torrent during rain events and deposits sediment in the

42

•
•

•

•

lake. Suspected to be polluted with heavy metals.
Train washing water is discharged in the catchment. Cross rail route will cross the
catchment, involving construction then pollutants associated with rail network.
Sedimentation - The Meres and canals were dredged but this ceased approximately
20 years ago due to lack of funding. Sediment has built up to over 1m thick in
places and has filled all sediment traps. Surface Water Overflows are sometimes
below the level of sediment, which compounds the problems.
Pennywort - Centella asiatica grows thickly in certain parts of the catchment. It is
removed by the Environment Agency from one branch of the canal network only.
Due to staff shortages, little removal work was carried out last year in other parts
of the catchment.
Litter and fly tipping beside or directly into the canal network is common.

There are no measures that are described in the River Basin Management Plan, which have
been used to predict improvements in status by 2021 for specific elements in Thamesmead
and Marsh Dykes catchment. There are other measures within these programmes, which
will happen by 2021 but there is not enough confidence in location or scale of
improvement, to predict specific outcomes. These include government-funded schemes:
•
Catchment partnership action fund (CPAF) – measures to reduce the impact of
man-made structures on wildlife in watercourses and to reduce the impact of
diffuse pollution from urban land use.
•
Environment Agency – Environment Programme is providing funding to construct
reed beds in partnership with local stakeholders. Reed beds will assist in delivering
WFD benefits as well as local amenity improvements.

7.5.5. Changes to the water quality monitoring to help deliver the environmental
objectives
More sampling and analysis would support assessment of source-pathway-receptor
pressures and catchment characterisation in Marsh Dykes- Thames Mead catchment:
•
Parameters that are indicative of typical urban problems: misconnections and
urban runoff e.g. Ammonia, Phosphate, Conductivity, Suspended solids/Turbidity
and heavy metals.
•
Any pollutants indicative of industrial waste.
•
Dissolved Oxygen is a significant problem in the catchment so Biochemical Oxygen
Demand
•
Blue-green algae and chlorophyll
•
Increased sampling both in number and distribution of sampling sites for full
catchment coverage.
•
Real time monitoring in situ to understand extremes and response under event
conditions rather than the regular monitoring averages, leading to greater
understanding of the catchment.
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8.

INTCATCH catchments and their challenges - River Great Ouse – Cam and Ely
Ouse (CamEO) Catchment, UK

8.1.
Description of river basin district / catchment
The catchment information has been kindly provided by the Environment Agency and the
CAMEO partnership. The River Great Ouse is a river in the United Kingdom, the longest of
several British rivers called "Ouse". From Syresham in central England, the Great Ouse
flows into East Anglia before entering the Wash, a bay of the North Sea. With a course of
143 miles (230 km), mostly flowing north and east, it is the one of the longest rivers in the
United Kingdom. The Great Ouse has been historically important for commercial
navigation, and for draining the low-lying region through which it flows.

The River Great Ouse forms the backbone of the catchment, with three of its four main
tributaries, the Lark, the Little Ouse and the River Wissey branching out into the north and
the River Cam and its tributaries dominating to the south of Cambridge, draining an area of
approximately 3,600 square kilometers.
CAMEO sub catchments:
•
Cam lower
•
Wissey
•
Cam, Rhee & Granta

•
•
•

Figure 9 – CamEO catchment
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Lark
South level & cut off channel
Little Ouse & Thet

8.2.
Catchment Geology
The catchment is characterised by East Anglian Chalklands in the south, Brecklands in the
north and the South Level fenland to the west, being dominated by rural areas including
high-grade agricultural land. The main urban areas are Cambridge, Royston, Saffron
Walden, Newmarket, Bury St Edmunds, Ely and Swaffham. The catchment also supports a
number of nationally and internationally important water-related sites.

8.3.
Water Supply
There are two important aquifers in the Cam and Ely Ouse catchment; the largest is the
Chalk, which underlies the eastern and central part of the area and is primarily exploited
for public water supply and spray irrigation. The groundwater in the Chalk generally rises
either at discrete springs or gradually along the length of the rivers, providing valuable
base flow. The other principal aquifer, Lower Greensand (Woburn Sands), is separated
from the Chalk by a layer of Gault Clay. Despite being significantly smaller than the Chalk
aquifer, Lower Greensand remains locally important for the provision of drinking water.
For the purpose of the INTCATCH project and the River Great Ouse demonstration, it has
been decided to concentrate the effort on the River Wissey sub catchment.

8.4.
The River Wissey
The River Wissey rises just east of Bradenham in central Norfolk and flows in a Westerly
direction for nearly 35 miles until it joins the Ely Ouse downstream of Ten Mile Bank. The
catchment is mainly rural, like much of East Anglia, with agriculture the key land-use.
Cereals are the major crop with potatoes, oilseed rape, sugar beet and vegetables also
common. The value of these crops means, in summer, up to 14% of the arable area may be
irrigated using water from the river or groundwater. The River Wissey is one of the best
lowland trout streams in Eastern England, and with its tributaries, supports an array of
wildlife.

A large military training area encompasses the Wissey just upstream of Ickburgh, the
downstream section of Watton Brook, and most of Thompson Stream. Much of this military
area is designated as a Site of Special Scientific Interest (SSSI), with large tracts retained as
very rare heathland habitat, particularly abundant with wildlife. Thompson Stream is also
important for supplying water of very good quality into the main river, diluting the richer
run-off coming from other parts of the catchment.
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Figure 10 - River Wissey catchment area
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Figure 11 - Upper Wissey Catchment Area – provisional test area
8.5.
Protected areas
Nitrate Vulnerable Zones (NVZ’s) extend across the whole of the chalk aquifer in this
catchment.

There is a Drinking water Protected Area designation for the upstream catchment and a
private water supply abstraction area at the bottom of the catchment. Drinking water
protected areas therefore covers the whole Wissey catchment. This means that certain
substances must be carefully managed to prevent the pollution of raw water sources that
are used to provide drinking water.

8.6.
Current water quality monitoring and WFD status
The River Wissey currently has 9 sampling points: Stringside Stream, Gadder, Wissey
Upper, Thompson Water, West Tofts stream, Old Carr stream, Thompson stream, Watton
Brook and Wissey lower. These sampling points would have been chosen to try and give a
good overview of the whole Wissey catchment. These sampling points are currently
sampled 12 times per year by the Environment Agency. A variety of samples are taken to
ensure that all the priority substances set out in the WFD are analysed and reported.
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Table 3: The WFD results for the River Wissey
Sample point
Ammonia Dissolved
Oxygen
Stringside Stream
High
Good
Gadder
High
Good
Wissey - Upper
Good
High
Thompson Water
High
High
West Tofts Stream
High
Moderate
Old Carr Stream
High
Good
Thompson Stream
High
High
Watton Brook
High
Good
Wissey - Lower
High
High

Phosphate pH

Temp

High
Good
Poor

High
High
High

High
High
Good
Poor
Moderate

High
High
High
High
High
High
High
High

High
High
High
High
High

8.7.
Key challenges in the catchment
Anglian Water is the public water supply abstractor in the catchment, and is therefore
dependent on the surface water quality for the raw water.
•
Despite these important wildlife areas, some of the Wissey’s native species are
under threat from non-native introductions.
•
Fish populations are also lower than they should be. The reasons for this include
lack of appropriate habitat, barriers to migration, in a few cases low flows, and
occasionally poor water quality.
•
Sediment eroded from roadsides, clearing out watercourses and from fields
themselves contributes to lack of habitat by clogging up river gravels used by
spawning fish. It also carries phosphate, which adds to the phosphate coming from
septic tanks, household washing detergents and that discharged from sewage
treatment works.
•
Traces of pesticides washed off surrounding farmland can also make it difficult to
meet European standards for drinking water quality.
•
Wissey catchment is a key water source for public water supply and irrigation.
However, the amount of water abstracted from some of the tributaries is now
thought to be affecting the river’s health.
8.8.

River Wissey specific catchment challenges:

8.8.1. Phosphate and sediment
Too much phosphate in the river can stimulate excessive growth of algae or aquatic plants
which are not only unsightly, but also clog up fish spawning gravels and smother more
diverse vegetation. When the algae eventually dies and decays, it uses up oxygen in the
water, reducing what’s available for fish.

The largest sources of phosphate in the Wissey are from:
•
Households – food, food additives, laundry powder and dishwasher tablets;
•
Misconnected drains – foul sewage entering the surface water system; and
•
Farms – Livestock’s dung and urine entering the watercourse and uncontrolled soil
and riverbank erosion.
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8.8.2. Nitrate
Nitrate is essential for growing crops so it’s a key component in fertilisers and manure
used on farmland. Nitrate can easily leach through the soil into groundwater supplies
when it rains.

The River Wissey catchment is experiencing rising amounts of nitrate in groundwater.
Computer models of the catchment and other evidence are suggesting that where the
nitrate levels are significant they will continue to increase for several years as the effects of
farming practices in the last part of the century come through, before levelling off.
Groundwater nitrate is likely to remain relatively high in those locations where there is a
high proportion of agricultural land and little cover over the chalk. Reducing nitrate in
groundwater to the lowest level consistent with productive farming will bring benefits to
everyone.

The Water Framework directives will not allow ongoing deterioration of groundwater
quality, and expects a reversal of any current deteriorating trends. Local water companies
are looking into methods of reducing nitrate from raw water before it goes into pubic
supply through ion exchange. This process uses a high amount of energy and ultimately
means an increase in customer bills so simply increasing this process is not a long-term
option. Better farming practice is needed across the catchment.

8.8.3. Pesticides
Increasing demand of food resources puts pressure on farmers to use varieties of
pesticides, herbicides and fertilisers. This has an effect on the watercourse and
groundwater, through spray drift; soil erosion and surface water run-off and vertical
leaching down through the soil.

Drinking water standards are extremely stringent at 0.1 µg/L. These standards are set at a
near zero value reflecting European Union legislation requirements that pesticides should
not be present in drinking water.

River Wissey has been experiencing a problem with the pesticide Metaldehyde. This
pesticide is sold in a pellet form and is used to control slugs and snails in a variety of crops.
This chemical can find its way into drains and water - courses, particularly in wet autumns
when the use on farmland is highest and rain water run-off greater. The challenge is that
reducing metaldehyde concentrations to less than 1µg/L requires blending with
uncontaminated water sources, as removal is not possible using conventional advanced
(carbon, ozone) drinking water treatment processes.

8.8.4. Managing water flow
The River Wissey is predominantly a chalk stream and because chalk is porous a lot of the
catchment is covered in permeable soils, rain falling onto it filters through the soil and into
the chalk re-emerges lower down in springs. The chalk acts as a reservoir and regulates
the amount of water that goes into the river this gives the chalk streams a stable flow. In
dry conditions the river is very vulnerable and droughts conditions happen when the
groundwater level falls. The dry conditions are common during the summer months.
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Water is taken out of the River Wissey catchment, both from groundwater via boreholes
and directly from the river for public supply, industry and agriculture. Abstraction licences
are issues from the Environment Agency that restrict the amount of water that can be
taken.
8.9.

Changes to the water quality monitoring to help deliver the environmental
objectives
The current monitoring that is carried out on the River Wissey is a standard monitoring
program to fulfill the obligations of WFD. The monitoring informs the Environment Agency
on whether the water body is failing its objectives or not.

The catchment has issues with Phosphate and Ammonia and there is confidence that we
know that the primary consistent loading is discharged from the Sewage treatment works.
However, it is also important that event-driven releases of ammonia and phosphate from
agricultural run off can be locally, and temporally significant. Understanding the balance
of risks therefore will help direct catchment management interventions – whether that be
through farm/land managers or sewage treatment works operators.

Other reasons for failures in the River Wissey include sediment, pesticide and nutrients are
getting into the watercourse.

Overall, the monitoring needs focus on monitoring in real time which would identify where
these pressures are coming from in the catchment as driven by rainfall events or dry
weather conditions, given that the current weight of evidence comes largely from the
monthly ‘spot’ sampling monitoring programs, local knowledge and modeling activity.
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9.
9.1.

INTCATCH catchments and their challenges - Lake Yliki – Greece
Description of river basin district / catchment

The catchment information has been kindly provided by EYDAP. The information included
is a smaller version of the original report to highlight the key areas. The full report is
available on request.

Lake Yliki is a large natural lake of Boeotia, central Greece. It is situated 8km north of the
city Thebes, at a 78m elevation; it has been an important source of drinking water for the
people of Athens since 1958. It is surrounded by mountains, which separate it from the
drained lake Copias. The natural lake of Yliki has a maximum volume capacity of 590
million m3 of water and an operational volume of 580 million m3.

Figure 12: Lake Yliki catchment.

Greece is divided into fourteen River Basin Districts (RBD), which are sub-divided into
forty-five River Basins (RB).
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Table 4: The fourteen River Basin Districts of Greece
Western Peloponnese (GR01)
Thessaly (GR08)
Northern Peloponnese (GR02)
Western Macedonia (GR09)
Eastern Peloponnese (GR03)
Central Macedonia (GR10)
Western Sterea Ellada (GR04)
Eastern Macedonia (GR 11)
Epirus (GR05)
Thrace (GR12)
Attica (GR 06)
Crete (GR13)
Eastern Sterea Ellada (GR 07)
Aegean Islands (GR14)
The area of interest is a part of the River Basin District of Eastern Sterea Ellada. It has an
area of 12.341 km2. The River Basin District includes the following River basins:
•
Voiotikos Kifisos (GR23),
•
Sperchios (GR18),
•
Evoia (GR19),
•
North Eastern Kallidromo Beach (GR22),
•
Amfissa (GR24),
•
Asopos (GR25)
•
Sporades (GR35).

The catchment area of Lake Yliki is a part of Voiotikos Kifisos river basin with an area of
2720 km2. The main river is Voiotikos Kifisos; this flows from northwest to southeast and
is supplied by springs from Giona near to the village Kastellia, as well as from Parnassos
between the villages Polydroso and Lylaia.

In the past the Voiotikos Kifisos River, discharged at Copais Lake without any outlet to the
sea. This body of water evaporated and drained through several cavities in the ground
which naturally entered the Copais basin from the east and continued its course until it
branched about 2.5 km south of Orchomenos city.
In order to secure arable land several attempts have taken place to drain the Copais Lake
and the first documented successful attempt was attributed to the Minyans (the
Mycenaean inhabitants of Orchomenos) during the 2nd millennium BC. At the end of the
19th century the extended drainage network of canals, drains and levees, as well as the
Karditsa diversion tunnel were constructed, which in 1931, drained the lake by diverting
the water into the adjacent lake Yliki.

The Lake has a very irregular shape, with steep and rocky shores and geo morphologically
contains numerous cavities in the ground, cracks and fissures. Its surface at overflow is
approximately 24.5 Km2, the watershed of the sub basin is approximately 112 Κm2. The
Lake has a maximum volume capacity of 590 million m3 of water and an operational
volume 580 million m3. The mean elevation is +80.00 m, the average depth is 28.8 m and
the maximum reaches 38.5 m. The shores lack vegetation due to the fluctuation of the
water level.

The creation of the lake is attributed to tectonic causes, either as tectonic trenches, arising
from subsidence along faults or from subsidence of the ceiling of limestone caves, as a
result of dissolution of limestone. Due to the presence of intensely Karstified bedrock, the
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system of Voiotikos Kifisos and its natural recipient, lake Yliki, is a surface water resource
with close interconnection and interaction with underground water resources.
9.2.

Catchment areas around the lake

East Shore (1Km) is the Mouriki settlement with resident population of 501.
(6km) is the Platanakia settlement with resident population of 123.
North shore (300m) is the Kastri settlement with resident population of 56.
Other settlements around the Lake outside of the Yliki sub basin are:
•
North East shore - Chalcis resident population of 33
•
Akraifnio resident population of 1058
•
South Shore - City of Thebes resident population of 22,883

The River Basin District of Eastern Sterea Ellada’s land use is made up of the following:
•
Heavily forested (41% of total area),
•
Crops (32% of total area)
•
Pasture (22% of total area).
•
Urban areas account for 1%
•
Other uses cover 4% of the total area.

Other activities along the river include the widespread livestock breeding activities, mining
activity and industrial activity (including IPPC industries). A small distance from the
Western bank of the lake (a minimum distance of 130m) is the National Road for Athens –
Thessaloniki pass.

9.3.
Lake Yliki water bodies included in the River Basin Plan
The Catchment area of Lake Yliki is a part of Voiotikos Kifissos river basin. The main
tributaries of Kifissos are:
•
Mavroneri River, which is supplied by springs near the village Davlia and the
confluence, is north of Cheronia.
•
River Erkyna that is supplied by springs from Leivadia and the confluence is near
Leivadia.
Downstream of Erkyna tributary is Pontza River. Some smaller tributaries of Kifissos are:
Apostolias, Kanianitis, Melas stream, Bogdanorema, Livadorrachi, Ksirorema,
Paliampelorrema, Agorianiti, Milorema, Keramidiou, and Platanias
There are currently 16 Water bodies (WB) in the River Basin of Voiotikos Kifisos.
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Figure 13: Protected areas of Lake Yliki

1. Areas designated for the abstraction of water intended for human consumption
Lake Yliki and the groundwater bodies of Yliki – Paralimni, Ypati, Kalapodi-KastroOrchomenos –Vasilika, are included as protected areas that are being used for the
abstraction of water intended for human consumption

2. Areas vulnerable to nitrates from agricultural sources.
The area of Kopaida including the surface water bodies are officially designated as
vulnerable areas to nitrates from agricultural sources.

3. Areas designated as sensitive under Directive.
Four areas have been identified as sensitive for eutrophication in the RBD of Eastern
Sterea Ellada. These are the inland waters of Voiotikos Kifisos River, Erkyna River, Melas
River and Kalamitis stream.

4. Areas designated for the protection of habitats or species.
The Lake Yliki as well as Voiotikos Kifisos River and Melas River and Kalamitis stream are
included in the Natura network 2000 as Special Area of Conservation. They are considered
important bird areas, having some raptor species as well as also having nesting area for
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storks in Greece. In addition, a large part of the south and east side of the lake has been
declared a wild life retreat according to national law.

9.4.
Current Water Quality Monitoring.
Lake Yliki is monitored by, Athens Water Supply and Sewerage Company S.A (EYDAP S.A.).
Lake Yliki is included in the national monitoring program that was established by the Joint
Ministerial Decree, in line with the provisions of the Water Framework Directive. The
Network is operated by the Special Secretariat for Water (Ministry of Environment) and
aims to implement the monitoring of quantitative and qualitative characteristics of
internal, transitional waters, coastal waters and groundwater in the country and includes
in total for the whole country 2000 sampling locations and completes monitoring of both
chemical and biological parameters.
Lake Yliki is also monitored for priority substances and certain other pollutants.

9.5.
Surface Water monitoring
The framework for surface water monitoring is classified in three categories A1, A2 and A3
depending on the quality associated with specific physical, chemical and microbiological
parameters. These specific parameters are classified into three Groups (I, II, III) depending
on their required minimum measurement frequency and for each group and category and
the population served the minimum annual sampling frequency has been defined.
Table 5: The Classification of Lake Yliki monitoring parameters
Group I
Group II
Group III
pH
Coloration
Total suspended solids
Temperature
Conductivity
Odour
Nitrates
Chlorides
Phosphates
Chemical oxygen demand
(COD)
Biochemical oxygen demand
(BOD5)
Dissolved oxygen
Ammonia

Dissolved iron
Manganese
Copper
Zinc
Sulphates
Surfactants
Phenols
Nitrogen by Kjeldahl
method
Total coliforms
Faecal coliforms

Fluorides
Boron
Arsenic
Cadmium
Total Chromium
Lead
Selenium
Mercury
Barium
Cyanide
Dissolved or Emulsified hydrocarbons
Polycyclic aromatic hydrocarbons
Total pesticides
Substances
extractable
with
chloroform
Faecal Streptococci
Salmonella

Lake Yliki surface water is classified to category A2 that corresponds to normal physical
treatment, chemical treatment and disinfection (e.g. pre-chlorination, coagulation,
flocculation, decantation, filtration and disinfection (final chlorination).
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Table 6 Summarises all the parameters monitored by EYDAP in Lake Yliki.
Parameters
pH
Conductivity, 25°C
Alkalinity (Total)
Ammonia
Temperature
Turbidity
Cyanide
Magnesium
Odour
Fluorides
Phosphates
Chlorides

Calcium
Nitrates
Coloration

Substances
extractable
with
chloroform
2-methyl-4,6Dinitrophenol
Copper
Antimony
Propyzamide
Dieldrin
Benzo(k) fluoranthene

Total organic carbon Dissolved oxygen (DO) Sodium
(DΟC)

Potassium

Sulphates
Nitrites
Nitrogen by Kjeldahl
(ΤΚΝ)
Dissolved
or
Emulsified
hydrocarbons
Silver

Iron
Cyanobacteria
Lindane
Endrin
1,12 Benzoperylene

Cadmium

2,4,5-Trichlorophenol

Pentachlorophenol

Nickel
Zinc
α-Endosulfan
pp'-DDT
Polycyclic
aromatic
hydrocarbons (PAH)
2,4- Dinitrophenol
2,4-Dichlorophenol

Total Chromium

Chemical
oxygen Biochemical oxygen Total
suspended Surfactants (reacting Total Nitrogen
demand (COD)
demand (BOD5)
solids (TSS)
with methyl blue)

4-Nitrophenol
3- chlorophenol
Salmonella

Arsenic

Barium

Boron

Total Phenols

2-Nitrophenol
3-methyl-4chlorophenol
Total coliforms

Ortho-methyl phenol
2,4- Dimethyl phenol

Mercury
Selenium
δ-BHC
pp'-DDD
Indeno[1,2,3cd]pyrene
2- Chlorophenol
4,6- Dichlorophenol

Algae

Dinophyceae

Manganese
Tin
Heptachlor epoxide
β-Endosulfan
Benzo(a)pyrene

Diatoms
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Escherichia
(E.coli)
Cryptophyceae

Lead
β-BHC
op'-DDD
Total pesticides
Phenol

4- chlorophenol
2,4,6-Trichlorophenol

coli Faecal Streptococci
Red algae

9.6. Biological, Hydro-morphological and Physio chemical monitoring
The monitoring programme includes 59 monitoring stations in the RBD of Eastern Sterea
Ellada. The location, the type as well as the parameters and the frequency of monitoring
have been defined in 2009 in the fulfilment of the obligations of the country in line of
article 8 and annex V of the Water Framework Directive.
Table 7: Monitoring frequency of biological, hydromorphological and
physiochemical parameters.
Monitoring parameters
Surveillance
program
Biological quality Phytoplankton
elements
Aquatic flora
Benthic invertebrate fauna
Fish fauna
HydroQuantity and dynamics of water
morphological
flow
quality elements
Residence time
Connection to the groundwater
body
Lake depth variation
Quantity, structure and substrate
of the lake bed
Structure of the lake shore
Physicochemical
Transparency
elements
Thermal conditions
Oxygenation conditions
Salinity
Acidification status
Nutrient conditions

monitoring

Frequency

Cycle (years)

2
2
2
2
12

0
0
0
0
0

1
1

3
3

1
1

1
4
4
4
4
4
4

0
0

3
1
1
1
1
1
1

The type of monitoring completed for Lake Yliki is surveillance monitoring. This is because
the pressures and impact analysis has shown that the water body will achieve the
environmental objectives of the WFD

In accordance with the EU Directive and the harmonised National legislation, EYDAP is
collecting samples and analysing for a list of parameters including the parameters that
belong to Groups I, II and III.
Monitoring Frequency:
Group I = 8 times per year
Group II = 4 times per year
Group III = 1 time per year.
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In order to monitor the quality of surface water, EYDAP has designated three sampling
points.
1.
First point is located at the end of Karditsa diversion tunnel.
2.
Second point is an offshore sample at south bands of the lake
3.
Third point is at Mouriki public water supply pumping station.
Figure 14

The three surface water sampling points on Lake Yliki

9.7.
Existing water quality data for Lake Yliki.
5 sampling points were taken around the lake for chemical substances. Approximately 95
different parameters were analysed for. The results of the parameters were classified as:
F = Average/ Maximum annually value is higher than the corresponding environmental
quality standard.
U = Non representative annual sample
P = Average/ Maximum annually value is lower than the corresponding environmental
quality standard.

In the analysis of the 95 different parameters it was found that 83 were classified as P, 5
were classified as F, and 7 were classified as U:

F = Cadmium, Diuron, Hexachlorobutadiene, Monolinuron and Methamidophos.
U = Mercury, Tin, Tributyltin compounds, 4-Chloroaniline, Azinphos ethyl, Fenitrothion
and Fenthion.

The characterisation as “good ecological status” is based on the indicator of phytoplankton,
although the physical and chemical properties of the water body should also be taken into
account. The very low participation of cyanobacteria in the last 20 years combined with
low values of bio volume over the last two years indicated good ecological status. The
monitoring strategy in Greece is based on the regulatory authority, which is the main
stakeholder (EYDAP and the Ministry of Environment for Lake Yliki). The Special
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Secretariat performs the National monitoring for Water of the Ministry of Environment,
while in some cases decentralised prefectural authorities also conduct monitoring
campaigns for specific water bodies of interest.

Stakeholder monitoring, other than the monitoring performed by EYDAP and the Ministry
of Environment, is not a common practice in Greece and stakeholders could only have an
indirect advisory role in the formulation of the monitoring strategy, which however is not
performed in an organised and systematic manner. Other stakeholders (e.g. NGOs or other
citizens initiatives) can participate in the public consultation process foreseen in the WFD
where they express their views and proposals.
According to the RBMP of Eastern Sterea Greece (2012) surface water bodies have been
classified with respect to their ecological, chemical and total status. The results of the
classification of ecological, chemical and total status for each surface water body of
Voiotikos Kifisos river basin are presented in the table 9. Due to the lack of sufficient data
related to the monitoring of priority substances, the chemical status of many water bodies
is characterised as “unknown”.

Table 8: Classification of surface water bodies of Voiotikos Kifisos river basin
WB
Ecological Chemical
WB code
WB name
category
status
Status
RW
GR0719R000500013N Melas stream
Unknown Unknown
RW
GR0722R000300046Ν Platanias stream
Unknown Unknown
Failing to
RW
GR0723R000000031Η Voiotikos Kifisos 5
Poor
achieve
good
RW
GR0723R000000037N Voiotikos Kifisos 4
Moderate Good
RW
GR0723R000000040N Voiotikos Kifisos 3
Moderate Unknown
Voiotikos
Kifisos
1
RW
GR0723R000000042N
Good
Unknown
(Kanianitis)
RW
GR0723R000002032Α Melas 3 (Mavropotamos) Moderate Unknown
RW
GR0723R000002033Η Melas 2 (Mavropotamos) Moderate Unknown
RW
GR0723R000002034Η Melas 1 (Mavropotamos) Moderate Good
RW
GR0723R000004035N Pontza
Unknown Unknown
RW
GR0723R000006036N Erkyna
Poor
Good
RW
GR0723R000008038N Vathyrrema
Good
Unknown
RW
GR0723R000010039N Bogdanorrema
Good
Good
Voiotikos
Kifisos
2
RW
GR0723R000012041N
Good
Unknown
(Apostolias)
RW
GR0723R000014043N Kalamitis
Moderate Unknown
RW
GR0723R000100044Ν Ritsonas
Moderate Unknown
LW
GR0723L000000003N Lake Yliki
Good
Good

Total
status
Unknown
Unknown
Poor

Moderate
Moderate

Unknown
Moderate
Moderate
Moderate
Unknown
Poor
Unknown
Good
Unknown
Moderate
Moderate
Good

With respect to groundwater bodies that are related to Lake Yliki the respective
quantitative and chemical status is presented in Table 9.
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Table 9: Classification of groundwater bodies of Voiotikos Kifisos river basin
Qualitative
Chemical
WB code
WB name
status
status
GR0700100
GR0700180
GR0700190
GR0700200
GR0700210

Kalapodiou-Kastrou-OrchomenouVasiliko
Kato Rou Voiotikou Kifisou
Ylikis - Paralimnis
Ypatou
Thivon -Asopou - Schimatariou

Good
Good
Good
Good
Good

Good
Bad
Good
Good
Bad

9.8.
Key challenges in the catchment
9.8.1 Physical modification
Lake Yliki is a natural water body that has received anthropogenic interventions in order
to minimise losses to groundwater since part of its bed consisted of high permeability
limestones. The main drainage works and flood control have been constructed during the
drying of Copais Lake and have been improved over the forthcoming years.

Voiotikos Kifisos natural course was entering Copais basin from the east. The construction
of the modern drainage works, allowed it to continue its course until it branched about 2.5
km south of Orchomenos city. The main part kept flowing eastward and reached the
cavities in the ground, which are located at the south - eastern edge, while the smallest
part poured into the basin. In order to redirect water towards the Lake Yliki a series of
channels have been constructed that follow the west and then the south section.
Supplementary works has also been constructed as levees, and a second parallel channel at
an axial distance of 38m.
9.8.2. Over abstraction
The industrial activity along the Voiotikos Kifisos River, the widespread stockbreeding
activities in sub-basins that converge at lake Yliki and the agricultural activity are putting
pressures on the lake. This could potentially lead to degradation of the qualitative
characteristics of the water bodies in the Voiotikos Kifisos drainage basin and
subsequently the Lake Yliki.

9.8.3. Industrial activity
The river basin of Voitikos Kifisos presents important industrial activity, mainly in the
southern part. The central-eastern part of the basins activity is related to animal breeding
and livestock units. Although these activities are not located to the catchment area of Lake
Yliki, they could potentially affect its water quality since these are located at the River
Basin of Voiotikos Kifisos, which as thoroughly described has a direct inflow to Lake Yliki.

9.8.4. Diffuse pressure from agricultural activity
Agricultural activity is one pressure that can affect the environmental status of the Lake
Yliki. The directive states that pollution from nitrates of agricultural origin, should relate to
yearly-applied quantity of nitrogen of less than 17 kg/acre.
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In the drainage basin of Voiotikos Kifisos, the estimated applied quantity of nitrogen to
crops is more than 21kg/acre/year. In addition, the agricultural activity exerts pressure on
the surface water bodies due to water abstraction. The mean yearly withdrawal from Yliki
for irrigation reaches 30×106 m3 while the mean monthly withdrawal during the summer
season is estimated to be 7.8 ×106 m3.

9.8.5. Withdrawals for water supply
Currently Lake Yliki operates as an auxiliary drinking water supply for Athens in case of
emergencies. During the period 1980-2001, 81 hm3 per year, on average was abstracted
from Lake Yliki in order to supply water to the city of Athens. During the hydrological year
2000-2001, the abstraction was 73.5 hm3, which is similar to the average of the previous
20 years. However, after the completion of the Evinos project, water resources of the Lake
Yliki were used only as backup. It is reported that during the years 2003-2005, the
abstractions from Lake Yliki ranged in levels of 2.9-7.0 hm3. The aforementioned annual
use of water, shows that in case of emergency about 15 -20 % of the maximum capacity of
the lake can be withdrawn. This could be an additional pressure, which if combined with
the high requirements of agricultural irrigation could potentially lead to water quality
deterioration.

9.8.6. Hydromorphological alterations
Significant water abstractions, mainly in the summer, from boreholes in the area Voiotikos
Kifisos are affecting the surface water of Voiotikos Kifisos. Moreover, the surface
withdrawals that are taking place along the Voiotikos Kifisos river and mainly in lower
flow and Copais region, result in zero (except few exceptions) flow of water though the
Karditsa Tunnel and subsequently Lake Yliki. The Yliki – Paralimni groundwater system is
the last recipient of water moving through the basin, transferred from one underground
water system to the next. During dry periods, the decreased flow of water and the
increased withdrawals deprive the system of volumes of water.

9.8.7. Operation of Thebes waste disposal site
Thebes waste disposal site receives 55,000 tons of solid waste every year and its operation
time is expected to be 10 years. The distance of this activity is within the limit of the 10,000
m from the maximum water level of lake Yliki, which has been set as the minimum distance
for safe disposal of wastes for protection of water from pollution and contamination. The
operational body is the inter-municipal Company of Environment and Thebes solid waste
management.

9.8.8. Vicinity to the Athens-Thessaliniki national road
The vicinity of the lake to the national road Athens-Thessaloniki could potentially pose a
hazard to the lake in case of accidental pollution.
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9.9.
Programme of measures:
There are two distinct categories for Programme of Measures (PoM). The basic measures
(including the other basic measures) which are the minimum requirements to comply with
and the supplementary measures which are designed and implemented in addition to the
basic measures, with the aim of achieving the objectives in cases where the basic measures
are considered insufficient to achieve the environmental objectives.

In the case of Lake Yliki, considering that the water body has already achieved the
environmental objectives of the WFD, i.e. the good status, the basic measures and
supplementary measures that have been identified and put in place are those that are
applied to all water bodies of the RBD. The list of the most important measures is
presented below.
•
Prohibition of projects for the exploitation of groundwater bodies (boreholes,
wells, etc.) for new water uses and the expansion of existing water use permits.
•
Designation of protection zones of works for the abstraction of drinking water.
•
Protection of abstraction projects for drinking water from surface water bodies.
•
Protection of GWBs included in the register of protected areas as drinking water
areas and issuing/amendment of the legal framework for their protection.
•
Amendment of national legislation on urban and industrial waste - water
management.
•
Designation of maximum emissions levels for each river basin for priority
substances and other pollutants.
•
Creation of a database of pollution sources (emissions, discharges and leaks).
•
Small Scale Nitrate Reduction agro-environmental measures - Protection of Nitrate
Vulnerable Zones from ammonia volatilisation.
•
Investigative monitoring programme of point discharges to Voiotikos Kifissos River
Basin.
An additional group of measures are related to educational projects and actions for public
awareness such as:
•
Actions for public awareness on water issues.
•
Strengthening environmental action programmes in Primary Education.
•
Implementation of information workshops on the efficient water use, the
prevention of pollution from various activities and the promotion of wastewater
reclamation and reuse.
9.10.

Changes to the water quality monitoring to help deliver the environmental
objectives.
For Lake Yliki it is important to preserve the current water quality conditions and if
possible upgrade to high ecological status. A detailed investigation in order to correlate the
pressures to the lake with the impacts as reflected by the results of the monitoring
programmes will enable this and a thorough monitoring campaign both in space and time
would definitely enhance this process.
The main challenges when considering a change in current monitoring practice are related
to a reliable and cost effective monitoring that would allow the identification of hot spots
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in the lake where pollution is more intensive and where specific measures could be
proposed and implemented.

Water quality improvement that would potentially reduce the level of water treatment will
allow for low treatment cost and saving of resources would also be beneficial. For example,
there are occasional algae blooms within the Lake which online monitoring could aid in
identifying and tackling early on.
The potential to combine monitoring results with decisions, through a DSS will also allow
for more flexible and sustainable management of the water of the Lake Yliki.

The parameters of interest include:
•
Conventional parameters such as temperature, Dissolved Oxygen (DO), pH,
transparency, conductivity, ammonia, nitrites, phosphates.
•
Indicator parameters: chlorophyll, cyanobacteria, general toxicity, turbidity, Total
Organic Carbon (TOC).
•
Specific parameters: E. coli, specific pesticides (for the area), organic pollutants,
Cadmium, Copper, Nickel, Chromium (VI), Mercury.
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10.

INTCATCH catchments and their challenges - River Ter – Catalonia, Spain

The catchment information has been kindly provided by UVIC-CCC. The information
included is a smaller version of the original report to highlight the key areas. The full
report is available on request.

10.1. Description of the catchment
The River Ter is a river in Catalonia, in the north-east of the Iberian Peninsula that rises in
Ulldeter at an approximate elevation of 2,400m (7,900 ft), at the foot of a glacial cirque. It
runs through the Comarques of Ripollès, Osona, Selva, Gironès, and Baix Empordà,
discharging into the Mediterranean Sea at l'Estartit. The River Ter follows a course of 208
km (129 miles) and drains an area of approximately 3,010 km2 (1,160 sq miles). An
average of 840 cubic hectometres (680,000 acre·ft) of water is moved by the river, with an
average flow rate of 25 cubic metres per second (880 cu ft/s) at its mouth. Although its
headwaters are in the Pyrenees, the River Ter receives significant inflow from rivers in the
middle and lower plains, which means that it is susceptible to flooding in both the spring
and the autumn.
Figure 15: Catalonia in the Western Mediterranean (left) and the main rivers of
Catalonia (right).

The inland basins are divided into 28 hydrological units, basins, sub-basins or set of small
basins that occupy a surface area of 16,600 km², 52% of the territory of Catalonia, which
include 634 municipalities.
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Figure 16: Shows the Hydrographical basin of Catalonia (River Ter is 7).

Table 10: River Ter catchment characteristics
Population of the River Ter catchment
River Ter catchment area
River Ter length
River Flow
Water bodies
Maximum elevation

154 municipalities (around 500,000 inhabitants.
2,955km2
208km
816.4hm3 / year (in total)
55
Puigmal: 2,910m above sea level

During the Industrial Revolution, cotton mills and paper mills increased in numbers along
the banks of the River Ter. These were attracted by the quality of its water. A legacy of this
period is the presence of a high number of small dams and channels redirecting the water
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for the production of hydropower. In the 1950’s two large reservoirs were constructed in
the middle stretch of the river. Since then, the high development of industrial facilities and
the unplanned growth of urban centres have caused an increase in sewage inputs into the
river. Human pressures on the river vary from Intensive farming, urban development and
industry.
Fluctuations in water discharge due to the Mediterranean climate, creates variable
conditions in the river. Summer is usually a very dry period while high discharge (due to
heavy rain) is common in the autumn. The discharge pattern of the River Ter headwaters
in the Pyrenees is strongly regulated by snow accumulation and melting, which means
lower flow in winter and subsequent increase in spring. The annual average discharge
varies considerably between successive years, which are a common feature in the
Mediterranean region. The water discharge in the River Ter has a very seasonal cycle, but
in practice climatic events introduce a source of variability in runoffs.
Table 11: Upper River Ter Catchment
Population of the Upper Ter catchment
Regions include:

Upper Ter catchment area
River Ter length
River flow

Volume of the Sau reservoir
Residence time of the Sau reservoir
Volume of the Susqueda reservoir
Residence time of the Susqueda
Reservoir
Volume of the El Pasteral reservoir
Residence time of the El Pasteral
Reservoir
Landcover:
Woodland
Agricultural land
Urbanised land
Water bodies

72 municipalities around 170,000 inhabitants; 119
people/km2.
Osona (43 municipalities) & Ripolles (19
municipalities)
1380 km2
111 km (until the Sau dam)
182.3 hm2 / year (at Sant Joan de les Abadesses.
576.0 hm3/year (at El Pasteral reservoir)
169 hm3
117 days
233 hm3
143 days
2 hm3
1.7 days
78%
18%
4%
31
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Figure 17: Urban areas, rivers and land cover of the Upper River Ter

Legend:
White = agricultural lands, Green = coniferous forest, Orange = mixed deciduous forest,
Purple = scrub and alpine grasslands and Grey = land without vegetation cover.
The River Ter receives three main tributaries:
•
Freser River at the river head in the Pyrenees,
•
Gurri River at the area of agriculture and livestock around Vic city.
•
Riera Major stream, collecting water from a forested and well-preserved areas
(Montseny and Guilleries natural parks).

Three reservoirs (Sau, Susqueda and El Pasteral; joint capacity of 0.404 km3) are also
located in this stretch.

In the River Ter basin the high diversity of land uses, vegetation cover and soil types cause
differential influences on the physical and chemical features of the water.
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In the upper part of the river the bedrock is siliceous and human activity is low.
Downstream, the River Ter adopts alkaline-earth bicarbonate waters: hydro-carbonate
represents 63 % of the total anions and calcium 60 % of the total cations. Other ions reach
relevant concentrations: sulphate constitutes on the average 24 % and chloride only 13 %
of the total anions (Sabater et al., 1992). Water conductivity rises from 250 μS/cm to 950
μS/cm at Manlleu (Osona region; CERM database).

Most of the catchments for water supply are relatively modest except for the networks of
Vic, Osona nord and Osona sud. These catchments have reinforcements from wells,
although groundwater of this area suffers major pollution problems from nitrates. From
the regulation of the Sau, Susqueda and El Pasteral reservoirs, a significant amount of
water is obtained from Cardedeu (up to 7.5 m3/s) to support the metropolitan area of
Barcelona.

Nutrient concentrations in the River Ter waters are mainly related to land use. This defines
important spatial variations throughout the basin. Temporal variations in nutrient
concentrations are highly dependent on hydrological features. Both organic and inorganic
forms of dissolved phosphate decrease during high discharge, while the particulate form
exhibits a slight increase in such periods. During high water levels there is an important
increase in nitrate whereas ammonium and nitrite decrease. Ammonium dynamics is only
partially regulated by the water discharge; increases are related to pollutant inflows. The
organic forms of nitrogen are dominant during high discharge.
10.2. Protected Areas
The River Ter has a number of protected areas:a)
Nitrate vulnerable zones (Directive 91/676/CEE):
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Figure 18
Nitrate vulnerable zones in the River basin district of Catalonia
according to the Directive 91/676/CEE. Ter River basin is circled.
b) Protected water bodies for fish (Directive 2006/44/CE):
The River Ter is protected under a specific management plan for the European eel
recovery, following the European plan for Eel Recovery (Regulation 1100/2007/CE).

c) Natura 2000 protected sites:

Figure 19– Current Natura 2000 sites (green) and in process (red) in the Ter River
basin (NE Catalonia).
10.3. Current Monitoring
The Upper Ter River has 31 water bodies:
•
5 are considered reference water bodies
•
2 natural river reserves
•
24 surveillance water bodies.

Regular monitoring is based on manual sampling of water every three months to analyse
basic parameters (more information in the tables below). Depending on the sensitivity of
each water body it is sampled for chemical substances, biota (aquatic macro invertebrates
and diatoms). Reference and natural river reserves are monitored every 2-3 years.
Surveillance water bodies are monitored each year or every 2 years, depending on the
water pressures.
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Table 12: River Ter monitoring parametres
Parameter
Limits of detection
Chlorides
Conductivity at 20ºC
Disolved O2
Nitrates
1,1,1-Tricloroethane
Arsenic
Cyanides
Chlorobenzene
Copper
Chromium
Ethylbenzene
Fluorides
Metolaclor
Selenium
Bifenox
Cadmium
Cybutrin
Cypermethrin
Chlorfenvinphos
Quinoxifene
Simazine
Trichloromethane
Trifluraline

50mg/l
250 µS/cm

10 mg NO3/L
100 ug/l
50 ug/l
0.04 mg/l
20 ug/l
5 ug/l
50 ug/l
30 ug/l
1.7mg/l
1000 ng/l
1 ug/l
12 ng/l
0.09 ug/l
2.5 ng/l
0.08ng/l
100ng/l
150 ng/l
1000 ng/l
2.5 ug/l
30 ng/l

Parameter

Limits of detection
Regular Parameters
Temperature
22
Ammonia
0.6 mg NH4/L
Phosphates
0.2 mg PO4/L
Priority Substances
Zinc
30 ug/l
1,2-Dicloroethane
10 ug/l
4,4'-DDT
10 ng/l
Aclonifen (herbicide)
120 ng/l
Alaclor
300 ng/l
Anthracene
100 ng/l
Atrazine
600 ng/l
Benzene
10 ug/l
Benzo(a)piren
0.17 ng/l
Chlorpyrifos
30 ng/l
Dicloromethane
20 ug/l
Epoxide of heptachlor 0.0002 ng/l
Fluoranthene
6,3 ng/l
Heptachlor
0.0002 ng/l
Endrin
10 ng/l
Sum of BDE
0.0005 ug/l
Sum of DDT
25ng/l
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Parameter

Limits of detection

pH
Sulphate
TOC

50 mg/l
3 mg/l

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexane
Mercury
Naphthalene
Nickel
NPEO (e=0)
Pentachlorobenzene
Pentachlorophenol
Lead
Sum of PAH1
Sum of PAH2
Trichlorobenzene
Endosulfan
Terbutaline
Tert-Octylphenol
Tetrachloroethylene
Carbon Tetrachloride
Trichloroethylene

10 ng/l
0.1 ug/l
0.02 ug/l
0.05 ug/l
2 ug/l
4 ug/l
0.3 ug /l
7ng/l
0.4 ug/l
1.2 ug/l
30 ng/l
2 ng/l
0.4 ug/l
0.005 ug/l
65 ng/l
100 ng/l
10 ug/l
12 ug/l
10 ug/l

Four gauging stations are present on the upper part of the River Ter:
• Sant Joan de les Abadesses (Ter)
• Ripoll (Ter and Freser)
• Les Masies de Roda (Ter and Gurri)
• Embassament del Pasteral a la Cellera de Ter (Ter)

In December 2016, Les Masies de Roda gauging station (at the water inlet of the Sau
reservoir), managed by the Catalan Water Agency, will include a continuous monitoring
programme that includes water temperature, electric conductivity, turbidity, ammonia and
phosphates. This is the only gauging station that will include continuous water quality
monitoring.
Aigües Ter-Llobregat (a private company who manage the reservoirs of Sau, Susqueda and
El Pasteral and water supply of Barcelona metropolitan area) includes a continuous
monitoring of the water outlet of El Pasteral dam. In January 2017, in addition to the
continuous monitoring of the water outlet at the Sau and Susqueda dams, a multi
parametric probe will be placed on a boat in the middle of Sau reservoir.

The River Ter water has a wide range of uses for the local population:
•
Hydropower.
•
Recreation and tourism: bathing (in several tributaries and 2 sites on the Sau
reservoir), water recreation, navigation (only in the Sau reservoir) and fishing.
•
Water for irrigation.
•
Several small public or public-private companies for local water supply.
•
Water supply for citizens and industry. The water companies of the Upper Ter river
are the following:
Aigües de Vic, SA (a private company water supply for Vic city and Gurb
municipality).
Aigües d’Osona (a public-private company for water supply to the most of the
Osona region).
Depuradores d’Osona, SL (a public-private company for waste water treament to
the Osona region).
Consell Comarcal del Ripollès (a public entity for water management of the Ripollès
region)
Aigües Ter-Llobregat (a private company who manage the reservoirs of Sau,
Susqueda and El Pasteral and water supply of Barcelona metropolitan ar

71

10.3.1. Key challenges in the catchment
There are major existing pressures and impacts in the Upper River Ter catchment. They
are as follows:
•
Challenging river beds (altered morphology of river beds and river banks)
•
Catchment and derivation of surface water (alteration of the flow regime or
underground water extraction)
•
Hydrologic regulation for reservoirs
•
Land use of river banks
•
Infrastructure and services on the river – Hydropower
•
Wastewater spills (discharges from WWTP and unitary systems)
•
Industrial spills (discharges from WWTP)
•
Spills not treated
•
Agricultural land uses (pollution by nutrients, especially nitrates and pesticides)
•
Invasive alien species
•
Recreational fishing
•
Navigation / human frequentation
•
Mining (extraction of aggregates and filling).

A Programme of Measures has been put in place to achieve the Environmental objectives
for the River Ter by 2021. Figure 12 below shows the various themes of measures and how
the budget is split between them.
Implementing maintenance flows
Hydro rehabilitation of rivers
Restoration of wetlands

Control and mitigation of invasive species

Coast protection and improvement

Aquifers protection and improvement

Regulation of navigation and massive

Figure 20 – Distribution of budget investment in measures for improving biological
and physical quality in the second planning cycle in the River basin district of
Catalonia.
10.4. Changes to the water quality monitoring to help deliver the environmental
objectives
The upper part of the River Ter catchment has an insufficient or inadequate monitoring.
Apart of manual sampling of water and bio-indicators, it only includes continuous data
monitoring in the Sau, Susqueda and El Pasteral reservoirs (water inlet, inside and outlet).

We propose to combine continuous monitoring to install several “blue boxes” along the Ter
river and many tributaries (5-10, depending on the available budged) with discrete
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monitoring using INTCATCH boats (checking the waters from the reservoirs to the Ter
river source each month and/or just after a storm or wet or scarcity periods).

Main parameters of interest:
• General parameters: temperature, DO, EC, turbidity, SS, ammonia.
• Heavy metals: Cu, Ni, Zn, Cr (VI), Hg.
• Nutrients: nitrates, nitrites, phosphates.
• Pesticides.
• Other: Cl-, SO4-, CO42-, CN, TOC, geosmine, mycrocistine, chorophyl, algae watchonline-fluorometer, cianobacteria, E. coli.

A discrete monitoring campaign will start in January 2017 to preliminary define this
continuous monitoring proposal.
To disseminate this information we propose, e. g., to install a panel in the new permanent
exhibition of the Ter River Museum (Manlleu, Osona region).

73

11. Developing future approaches to monitoring in the demonstration catchments
– from laboratory analysis to field ‘in situ’ monitoring
11.1. Current approaches for environmental analysis and monitoring
The approaches for monitoring described in chapters 5 to 9 focus on the ‘traditional’
monitoring strategies used (largely) by regulators and researchers. Regulatory monitoring
programmes are continuous and are formed by a combination of chemical and biological
data, with the biology providing an underlying ‘surveillance’ baseline for state of the
environment in the absence of continuous monitoring for chemical contaminants. The
focus has been on taking environmental – water, sediment, biota – samples, combined with
laboratory analysis has been the basis of monitoring programmes in the last 40 years.

The requirements for high-quality analysis directed by the many EU environmental
directives and to use agreed methods dictate that much of the analysis can only be
performed in controlled laboratory conditions. This approach has been successful in
developing tools and methods to determine a large range of substances in environmental
samples, has generated significant datasets that have been used to assess and report on the
state of the environment over time. The drivers behind these monitoring approaches are
many and include:
• Specialist equipment needed for determination of substances;
• The high throughput of samples requiring efficient processing;
• Laboratory facilities, power, light, weather protection, security;
• Time taken for analysis, for example for growth of microbes;
• Staff - numbers and skills, safety; and
• Quality control and assurance.

Sampling locations may be related to known points sources, convenient and safe places to
enable samples to be taken, for example, bridges, foot paths/platforms. The normal default
approach has been to take water, sediment and biological samples from the field,
whereupon these are taken to laboratories for ‘analysis’. This focuses mainly on sampling
at the same location on a frequent basis, so that datasets are ‘built up’ over time.

There are a number of shortcomings with this approach which include:
• Sampling occasions are normally ‘singular’, on a single moment and at intervals
(weekly/monthly);
• Programming of sampling is planned ahead, and is effectively independent of
weather or other variables (except that samples may not be able to be taken);
• The temporal nature of the sampling (for the surveillance and classification
monitoring purposes), with days/weeks in between where no sampling is
performed and where the impacts are not simply known;
• Spatial limitation of the sampling to fixed points, with no assessment between
sites;
• The significant costs associated with sampling, transport and then analysis and
reporting; and,
• The specialist nature of monitoring skills required to deliver this strategy.
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The limitations on generating real-time datasets caused by the current ‘sampling and
laboratory analysis’ approach can be overcome. For example, temporal sampling can be
done by deploying automatic water samplers that can take multiple samples at predetermined intervals in a given time period. However, the challenge being addressed by
INTCATCH is whether the current monitoring approaches, which are significantly
influenced by the needs for ‘analytical’ quality, can be complimented, supplemented or
replaced a range of other tools that:
• Can be deployed in the field for appropriate periods of time;
• Identify ‘event driven’ pollution;
• Take multiple samples/measurements in a defined small time period;
• Identify areas where hazards can be readily pin-pointed;
• Record data on an on-going basis, and can geo-position the data captured;
• Provide greater spatial and temporal resolution than infrequent (monthly) spot
sampling – ‘real time’;
• Engage others to make measurements and gather data;
• Reduce costs – analysis, transport;
• Provides data instantaneously to support immediate interventions and
communications to stakeholders; and,
• Increases the evidence base to make it compelling to the broadest set of
stakeholders.
The key element to the challenge is ‘what is the question that needs to be answered’ and
finding the best way to achieve that. Inevitably, environmental monitoring strategies
reflect the compromise between the quality of analytical data and to reflect an accurate
and compelling ‘story’ of the environment at an affordable cost. Its therefore important to
see what tools are now available, that can be used by a range of stakeholders, that can
inform assessments of the state of the environment and the threats and impacts caused by
a range of inputs and disturbances. And in addition, to what extent can those tools be used
directly in the field – in situ – effectively moving the laboratory to the field.

11.2.

Overview of tools, technologies and approaches for in situ environmental
monitoring
The range of tools that can be used for environmental monitoring is continually expanding
to provide greater insights to the state of the environment. This section provides a highlevel overview of the types of tools and monitoring approaches that are now being applied
to answer environmental questions, and that will be developed further in D2.2 and D2.3
and through Work Package 3.
11.2.1 Sensors
Recent advancements in commercially available in situ sensors, data platforms, and new
techniques for data analysis provide an opportunity to monitor water quality in rivers,
lakes, and estuaries on the time scales in which changes occur. Transmitting the data in
real-time also provides information that can be used for early trend detection, help identify
monitoring gaps, and provide science-based decision support across a range of issues
related
to
water quality,
freshwater
ecosystems,
and
human
health
https://water.usgs.gov/coop/features/LakeLine_Spring_2014_p13-17.pdf
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A Sensor is a device that measures a physical quantity and converts it into a signal, which
can be read by an observer or by an instrument. A sensor detects and responds to a specific
input from the environment, which could be light, heat, pressure, activity (concentration)
in solution, or any other environmental phenomena. The output is generally a signal that is
converted to human-readable display at the sensor location or transmitted electronically
over a network for reading or further processing.

A sensor usually enables the measurement of a single specific species. Typical sensors can
be mentioned, Temperature, Oxygen, pH, conductivity, turbidity. Instruments that enable
the analysis of several compounds by combining a sensor with the separation and possible
chemical transformation of analytes by added reagents are classified as “analytical
systems”. Contrary to the sensors, in which transport processes are based only on
diffusion, analytical systems often include pumps, valves, flow-through cells and
electronics for signal processing. This makes them complicated, but also more versatile. It
must be noted that the division between electrodes (or optodes), sensors and analytical
systems is somewhat arbitrary [Buffle and Horvai, 2000]. Very often the terms sensors and
electrodes are used for the same equipment. A submersible sensor or sensor combination
is usually called a probe.
The following measuring tools, are intended to be used as part of monitoring platforms for
the INTCATCH project:

a) Water-Temperature
For this parameter usually it is no need for an extra sensor, because it is often included as
an additional parameter at most of the probes used, either for compensation or for result
calculation. The measuring principle is often NTC (Negative Temperature Coefficient,
resistance change of different metal oxides and binders) or pt100 (resistance change of
platinum under temperature influence).

b) Conductivity (Cond)
For typical applications in the aquatic environment a sensor with the conductive
measurement principle is used, where both electrodes are in contact with the water
matrix. For special applications also the inductive measurement principle can be chosen.
This parameter typically represents the total salt content in the water matrix. In the
aquatic environment a measure range of >10 µS/cm up to 5000 µS/cm should be sufficient.
c) Dissolved Oxygen (DO)
The measurement principle of this sensor is a galvanic cell. It is working without a
membrane, which means that no oxygen is consumed. For this type of sensor no defined
incident flow is necessary. The typical measurement range is from 0 to 20 mg/l and the
measurement frequency is ≥ 1 second.
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d) pH-Measurement
The probes for this parameter are well explored and widely used in all known applications
in the aquatic environment. Because of its shaft usually made of glass the electrode should
be protected against damage. The expected pH-range in the water matrices from 6.5 to 8.5
is in the middle of the measurement range from pH 0 to pH 14 and therefore a good
precision of the data can be expected. A good calibration before every field use is
prerequisite.

e) Spectrometer (for NO3, SAC-254, TOC, DOC, CSB, Turbidity)
A spectral analyzer (spectrometer) measures the absorption rate at wavelength range
from 200 to 700 nm (UV/VIS). Due of its compactness and robustness it can be used insitu. The measuring principle is the detection of attenuation of a light beam crossing the
water matrix in a small light path (usually 10 - 35 mm, depending on the turbidity). The
result of each single measurement is a raw spectrum over the entire wavelength range and
an extinction spectrum calculated therefrom. A spectrometer is a very versatile measuring
instrument, since it can be adapted to a wide range of applications after an appropriate
calibration. The calibration is therefore the most crucial point for a correct use, because
this requires an adequate set of reference measurements (at least 20) of the parameter of
interest.
f) Turbidity (Turb)
If necessary, the turbidity can be measured separately by means of a submersible probe,
using a 90° scattered light principle. This means that the scattered light (emission) of an
emitted light beam is detected at an angle of 90° of this beam. The emission wavelength
depends on the manufacturer and is in a range from 850 +/- 10 nm.

g) Chlorophyll a (Chl-a)
Chlorophyll-a is beside of Chlorophyll-b a specific form of chlorophyll used for the
absorption of light for producing energy and occurs primarily in cyanobacteria and all
phototrophic eukaryotes. It tends to absorb light with specific intensity within the
wavelengths of violet, blue and red (wavelength range approx. 400-700 nanometers). The
fluorescence is triggered by the emission of light energy by stimulated chlorophyll
molecules caused by incident light. Each manufacturer has its own method to detect the
fluorescence of chlorophyll. The probes are usually pre-calibrated to a reference sensor.
The field calibration method is designed to minimize the influences of the environment on
the calibration such that the most significant variance is that of the instrument itself.
h) Ammonium (NH4)
For ammonium there are two measurement principles used for different applications but
also for different measurement ranges, ion selective electrodes (ISE, using a flexible
ammonium selective membrane) and wet chemical analysis (indophenol blue)
respectively. The wet chemical measurement uses typically a not submersible instrument
(analyzer), although already submersible mini-analyzers are on the market. Since space on
the boat is limited, the ISE-method is the method of choice. The problems of measuring
concentrations < 0.2 mg/L are in combination with the response time of the sensor at
these low ranges the biggest obstacle. One of the challenges by ammonium measurement
by ISE is the potassium interference (with K/NH4 factor of 10). As a consequence the
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potassium concentration must be also measured and considered, which can also be done
using the same ISE-probe.

i) Orthophosphate (PO4), Total phosphorous (TP)
Up to now only one measurement principle exist for PO4 and TP respectively, which is
based on the wet chemical analysis (molybdenum blue, photometer 810nm). To be able to
use the analyzers also in-situ a few manufacturers have constructed a miniaturized edition.
These submersible mini-analyzers are offered in combination with other parameters or as
a single parameter item. The limitation of such miniaturized analyzers is the restriction to
filtered samples (due to the used fine tubes), so only PO4 can be detected.

j) Heavy metals (in development)
Detection of heavy metals in water is performed using Square Wave Anodic Stripping
Voltammetry [Brett et al, 1994]. Briefly, this technique bases on deposition of metal ions
that are present in the solution onto the surface of working electrode. This process is
occurring under the application of the specific potential, optimized for the target metal, as
well as the nature of samples and buffers. At the second step, previously adsorbed ions are
reduced to metal resulting on a signal that is proportional to the concentration of the given
metal. Square-Wave Anodic Stripping Voltammetry is a very sensitive technique, were
heavy metals can be detected in the range of µg/L. However a special attention need to be
addressed regarding the possible interferences between various metals as well as the
presence of electroactive compounds in evaluated water catchment.

Detection is performed in presence of 0.1M sodium acetate buffer (pH 4.5). In this project
screen-printed electrodes will be used for the detection of heavy metals (such as Zn and
Cu). Screen-printed electrodes are printed on thin plastic substrate and consist of two
layers: carbon – that is used for working and counter electrode and silver/silver chloride –
that is used as a reference electrode [Gueell et al, 2013].

In order to increase sensitivity, measurements will be performed in a flow mode. Sample
will be collected, filtrated and mixed with acetate buffer using microfluidic chip. After such
pre-treatment, sample will be passing through the flow cell where screen-printed
electrode is placed and a measurement will be performed.

k) Escherichia coli (in development, for on-shore application)
Lateral flow strips will be used for detection of E. coli in water samples. These “bacstrips”
are composed of a sample pad that absorbs and filter the liquid sample, a conjugate pad
composed of gold nanoparticles conjugated with antibodies anti-analyte, a detection pad
where both test line (TL) and control line (CL) are “printed” in a “pregnancy test format”
and an absorbent pad that removes any liquid excess during the assay.
The principle is: Sample flows across the conjugate pad and gold nanoparticles are
mobilized by the flow through the detection pad. In case of a negative sample gold
nanoparticles will be attached only to the CL due to the absence of the analyte. Only one
red line (CL) will be visible. In case of a positive sample gold nanoparticles will be bound to
the analyte by means of the antibodies coupled on their surface. This way, gold NPsantibodies-analytes complexes will be attached to the TL and the remaining gold NPsantibodies will be attached to the CL, showing two red lines at naked eye.
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l) Pesticides (in development, for on-shore application)
This biosensor is intended to be a “general toxicity indicator” rather than a specificpesticide sensor. Marine bacteria Aliivibrio fischeri is used as a bio-indicator of water
contamination since the 1980s (Microtox Technology). This bacterium exhibits the special
property of bioluminescence as a consequence of quorum sensing phenomenon. This
bioluminescence is more intense when the surrounding medium conditions are favorable
to the bacteria. As a consequence, when increased concentrations of toxic compounds are
applied to the medium, bioluminescence decreases. This effect can be used to predict
pesticides concentration in water samples taking into account some model pesticides
important for human health and environment according to the EU standards. The idea is to
develop a lab-on-a-chip device as much simple, sensitive and fast as possible. Main
challenges regarding this biosensor could be reproducibility, high-sensitivity and longterm stability.

11.2.2. Metagenomic tools
The evolution of the next-generation DNA sequencing (NGS) technologies has
revolutionized the biological sciences. One of the key application of NGS now being applied
to ecological and environmental research includes Metagenomics, which is the study of
genetic material recovered from environmental samples using specific gene markers
(Civade et al 2016, and following).

Organisms lose DNA through their faeces, dermal / scale damage and reproduction and
this ‘environmental’ DNA (eDNA) material can be used to identify species and community
structure across a broad range of taxa from microbes to vertebrates. Large (10-20 litres)
water samples are microfiltered to remove eDNA and following by amplification and
sequencing of discriminative fragments of mitochondrial rDNA, these sequences can be
compared to pre-determined libraries of sequences of the species of interest. This
approach – eDNA barcoding / eDNA metabarcoding (for mixed populations - has particular
application for the study of invasive species (Dejean, 2012), fisheries
population/community ecology (Hänfling et al 2016) and microbial ecology (Tanchu,
2014).

In terms of application, the microbial biodiversity of surface waters is a reliable indicator
of the ecosystems functioning and health, yet this is largely ignored by the European
directives. A mobile genomics laboratory for the detection of microbial information
using universal DNA barcodes is under development; this tool will allow to virtually detect
the entire bacterial diversity living in the tested sample [Brett et al, 1994]. The samples
will be collected from INTCATCH demonstration catchments (focusing on Lake Garda) by
filtering water through a series of filters of various pore sizes, ranging from 180um to
0.45um, thus, enabling to trap all bacterial cells from the filtered water. The filters are then
analyzed using a DNA-based technology that enables to perform the microbial detection
[Gueell et al, 2013]. The study of the microbial community composition through NGS
technologies in the aquatic ecosystems has the main aim to understand the presence of
potential sources [Buffle and Horvai, 2000] of chemical pollutants and to detect potential
pathogenic bacteria for human health (e.g. Salmonella) through a rapid innovative
inexpensive tool.
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11.2.3 Bioassays, in vitro and in vivo.
Bioassays measure the toxicity of environmental samples under defined ‘controlled’
conditions, on cellular or individual levels, respectively. Bioassays can be deployed in situ,
for example placing fish or invertebrates in cages, and then determining acute lethality,
organism development or biomarkers of activity (see next) as responses/endpoint.
Bioassays can assess the direct toxicity of discharges, the wider environment, and the
dynamic changes in toxicity/effect over time (for example changing toxicity due to natural
cycling of algae/microbes). Increasingly, in vitro bioassays can be performed in the field,
but may need to be incubated over a period of time.
11.2.4. Biomarkers, i.e. biological responses at the cellular or individual levels,
measured in field-exposed organisms
Biomarkers can be used to indicate the response of an organism to an external stimulus,
which could be either a chemical or an environmental stressor. These biological
measurements can be taken from body fluids (blood/mucus) or tissues of exposed
organisms, which have been either deployed into, or wild-caught from, field settings, and
can highlight a wide range of biological responses. These can include the regulation of
enzymes (for example CYP1A) which act as markers of exposure to key contaminants (such
as poly-aromatic hydrocarbons), or indicators of biological challenge, such as the presence
of the egg protein vitellogenin (in male fish) in response to oestrogenically-active
substances. Exposure occurs in the field, but the analysis can be performed readily in the
laboratory. The value of biomarkers is that they can be used to identify the diverse
challenges an organism has been exposed to, including simultaneous exposure to complex
mixtures. They can also be highly sensitive and are useful in highlighting exposure at low
concentrations of environmental stressors.

11.2.5. Ecological indicators, measuring changes observed at higher biological
organisation levels, i.e. the population and/or community
Biological monitoring programmes have complimented the chemical monitoring
programmes since the presence, absence, and health of organisms in waters can indicate
the ambient ‘quality’ of their surrounding media (www.fba.org.uk, and following).
Assessments of the biological communities present in an environment are used to evaluate
the state of the environment and ultimately for the Water Framework Directive outcomes,
the ‘ecological status’. Invertebrates and fish are the main focus for survey programs, and
require the use of specialist techniques, such as substrate kick sampling for invertebrates,
and equipment – electrofishing/netting and benthic grabs – for sediment dwelling
organisms in lakes. Whilst these surveys have been undertaken on a significant scale by
professional scientist (regulators, researchers), increasingly invertebrate sampling
programs are now being progressed by citizen scientists (http://www.riverflies.org).

11.2.6. Role and opportunity for use of Smart phone technology and apps
The advancement of smartphone technology now enables environmental managers to
record and report on a range of environmental monitoring activities (www.caba.org, and
following). Smart phones have a range of enabled features including the camera, geopositioning and connectivity to mobile phone networks, that enable data gathering and
reporting. Photographs of the environment in heavy rainfall or drought enables the
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recording of the impacts, and routes to the water environment through drainage and other
run off, that then helps to pin point where impacts occur and the sources identified. More
recently, a range of smart phone ‘applications’ are now focused on enabling the field
researcher to identify, record and address environmental problems. These include apps
that can help identify invasive species, capture data, share and enable data uploads to
online databases. Some applications are also linked to or support analytical monitoring
equipment (see section 12.2.7).

11.2.7. Physical and chemical monitoring equipment
A range of tools and technologies (including water quality sensor-based equipment) are
now available that enable direct water monitoring – for water quality, biology and
hydromorphology (www.caba.org and following). The range of tools is increasing as is
their reliability and utility, and cost-effectiveness. The tool range includes:
• Passive samplers for pesticides,
• Colorimeters and photometers – various water quality parameters including
phosphate, suspended solids,
• Multi-parameter hand held testing sensors – for the measurement of temperature, pH,
dissolved oxygen, conductivity,
• Chemical testing kits for dissolved oxygen, pH, temperature, nitrate, phosphate, and a
short-term test for coliforms (2-3 days),
• Physical measurements – Secci tubes for turbidity; water flow meters
Matching the tests to the environment is a critical decision process, particularly to find the
sensitivity / range to the environment.

11.3. Deployment of in situ tools
Whilst there is a broad range of new or hitherto underused tools that can be deployed in
the environment for monitoring purposes, consideration is needed for how such tools are
deployed and samples taken, to enable effective sampling and data gathering.

In situ monitoring can include:
o Taking water samples for measurement on shore field tests:
o Pumping from the water body in a fixed monitoring station, or multiple sampling
device for analysis;
o Taking samples from a water body directly, or via a mobile platform such as a boat
platform, either under direct control (radio control – R/C) or autonomous.
o Taking sediment samples by grab or coring;
o Deploying sensors or analytical equipment directly into a mobile platform (R/C
boat) or fixed / deployable monitoring station;
o Deploying biological material, passive samplers into the environment, then
retrieval for analysis; and,
o Passive samplers for invertebrates and fish – traps and fykenets.
Therefore, given the potential differences in how monitoring can be conducted, planning
monitoring programmes that would use these approaches requires an understanding of
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the functionality of the tests and the key questions behind the survey, so that sampling and
analysis can be optimised

12.

Water Quality Indicators – review and options for monitoring strategies

12.1. Using Indicators in a risk-based monitoring approach
In the course of the water framework directive all member states are obligated to ensure a
good chemical and ecological state of all surface water bodies by 2027. For that reason, all
member states have to monitor the anthropogenic influence on water bodies.

In the past, water body monitoring was done by random single samples or a sampling
campaign on a fixed date. This method does not provide any information on the dynamics
of the system and is therefore not sufficient enough to picture the real status of all water
bodies nor does it allow deriving improved and cost efficient catchment management plans
for improving the water quality status.

A significant improvement of the current monitoring strategies is a risk based monitoring
approach. Risk based monitoring is seen as the best way of moving beyond a “one size fits
all” approach as delivering targeted forms of intervention. This approach will assist
managers and stakeholders in allocating both monitoring and remedial resources to where
they are needed most, leading in a better regulation that actually means less regulation.
Additionally, according to the latest WHO water safety plan (2005) it is important that risk
management is inclusive and, therefore, covers the whole system from catchment to
consumer (“Know your catchment”).
At this point a lot of information of the catchment is needed, which can be derived from
locals, as citizen scientist and stakeholders, models, historical data and, if needed, specific
additional investigations to understand catchments and dynamics. It is important to
balance between consequences of overlooking hazards and those of overlooking cautions
by closely following the precautionary principle.

The generation of individual basin scale water safety plans demands the inclusion of a risk
based monitoring approach. Within this context it is highly desired that selective and
predictive indicators allowing risk evaluation in the catchment and in raw water as a
resource for drinking water production are made available. This especially applies for
contamination sources which only impact periodically, such as combined sewage overflow
systems. Here the indicators must be able to quantify the impact of sewage overflow at
high dilution and longer lag times.
The INTCATCH project focuses on closing these gaps by offering and describing new tools
for studying processes and sources affecting water quality on various spatial and time
scales.

82

Applications of organic compounds as selective characterisation tools are in its early stage.
This is especially true, as the opportunity to use the numerous organic compounds of
anthropogenic origin in the aquatic environment as indicators has only just gained
attention by the scientific community. This includes compound classes like
pharmaceuticals, pesticides, personal care products and industrial chemicals, which have
been detected at ever increasing numbers in the environment over the last decade.
With more than 40 million organic compounds registered to date at the Chemical Abstract
Service (CAS) there is a great potential in using this spectrum of compounds as indicators
for both source apportionment and flow processes in the environment.

Among the earliest application of industrial and household chemicals as indicators was the
use of compounds from the class of optical brighteners. These compounds are contained,
beside industrial applications such as paper mills, in most modern laundry detergents and
can therefore be found in substantial quantities in wastewater. As such, these compounds
were mainly employed in source apportionment to detect the wastewater burden of
natural waters and also to distinguish the wastewater’s origin.

The earliest indicators used in the water cycle were microorganisms. Already at the end of
the 19th century a link between faecal contamination of water resources and the outbreak
of infectious diseases was established. However, they are not source specific (they do not
allow the distinction between untreated, treated effluent or manure) and their
quantification is only semi-quantitative. Although microorganisms can nowadays even be
used as unique source specific indicators within the concept of microbial source tracking
their discussion is beyond the scope of this report.
The advantage of using organic compounds as indicators may, beside compound diversity,
originate from a unique reactivity. In aquatic environments two main groups of dissolved
organic compounds are found:
(1) Compounds originating from biomass (e.g. all kinds of organic matter:
hydrocarbons, humic substances, etc.) representing the background level of
natural substances and;
(2) Compounds from anthropogenic origin (e.g. pesticides, industrial chemicals,
pharmaceuticals, etc.).

The latter has virtually no background concentration other than resulting from
anthropogenic sources and thus may function as highly selective and sensitive set of
indicators. However, this advantage may at the same time be their shortcoming, because a
prerequisite for compounds to be used as indicators is their sufficient presence in the
environment. Sufficient in these terms refers to concentrations well above their limit of
detection. With an ever-improving sensitivity in instrumental analytical sciences these
limits are nowadays in the lower ng L−1 range.

Organic compounds encountered in the environment at such low concentrations (ng L−1 to
upper µg L−1 range) are defined as organic micro-pollutants (OMP). Other compounds with
widespread use such as pesticides, pharmaceuticals and life style products may prove
more useful and universally applicable as indicators.
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Organic micro-pollutants (OMP) can be found in most surface water bodies today.
However, many studies are restrained to a small number of compounds and often to a low
temporal or spatial resolution.

Large-scale studies up to catchment scale, looking for a broad compound variety in
complex basins are scarce. As OMPs have no natural background concentration, their
occurrence and distribution in the aquatic environment strongly depends on:
1.
Source type and connectivity to source(s),
2.
The OMP’s chemical and biological stability,
3.
Boundary conditions within the catchment.
OMPs can originate from point sources (e.g. wastewater treatment plant effluents or
sewage leakages) or diffuse sources (e.g. pesticides from agriculture).

Figure 21: Summary flow diagram of possible sources and pathways for the
occurrence of OMP in the aquatic environment.

A broad range of attenuation processes affects OMPs. Some are readily biodegradable such
as methylxanthines, including caffeine while others have shown a high persistency e.g.
carbamazepine or atrazine. Non-biological degradation processes including chemical
degradation by e.g. hydrolysis or photo degradation further reduce their lifetime in the
environment. OMP adsorption further reduces their mobility and, thus, limits their
occurrence in the environment.
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While the stimulant caffeine (and its metabolites) clearly indicates raw sewage, the
metabolite of alcohol ethyl-sulphate may be used relative to caffeine to quantify the
location of the source. Cotinine (the metabolite of nicotine) may additionally be used if
data on its relative stability compared to caffeine and ethyl-sulphate become available.
From the group of artificial sweeteners acesulfame and cyclamate the inflow of treated
effluent may be quantified.
Further, valsartan acid forms predominantly in waste -water treatment plants and may be
a good indicator to assess the impact of treated effluent.

Caffeine was suggested to be used in water bodies for quantifying the impact and
allocations of combined sewage overflow systems. If high levels of nutrients are observed
without the presence of compounds of human consumption, than the source must be
associated with agricultural activity.
The inclusion of pesticides into the risk based monitoring seems questionable, as the type
of pesticide and its application schedule highly depends on the activity in the catchment. A
sensible suggestion to quantify and allocate the agricultural impact on water quality
impairment may be better done using non-relevant metabolites of pesticides.

For an indicator its input function into the system is by definition unknown. Nonetheless,
system information of various excellences can be derived, including:
•
Qualitative information,
•
Semi-quantitative information,
•
Quantitative information.

How this can be achieved and which additional facts are required to reach the various
stages of excellences for an indicator is summarised below.

Qualitative - The occurrence or absence of a compound or a compound class may be used
as an indication for a connection between or processes within systems. While compound
occurrence is a clear indication, compound or compound class absence can only be used as
long as there is clear evidence from nearby sources.

Semi-quantitative- By studying compounds concentration ratios and their involvement
with time and or space.
A prerequisite for using these ratios lies in different attenuation behaviours for the
selected indicators, causing a large enough concentration contrast between compounds
during their transport through the system of interest. This contrast can then be used to
describe processes with the system. The better the individual compound’s attenuation
behaviour is known under system specific boundary conditions, the higher the reliability of
the information gained from these indicators. Knowledge on compound attenuation
supports the indicator selection process. Attenuation parameters are often derived from
controlled laboratory experiments.
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Quantitative information from indicators may only be derived from the combined
knowledge on its input function and its attenuation behaviour. At this stage the definitions
of a tracer and indicator seem to merge.
While tracers are often introduced into the system deliberately (artificial tracer test) or
significantly by recharge events or extensive exchange zones (environmental tracers),
indicators leak from their sources unintentionally. This makes an exact determination of
their input functions an extremely challenging task. Scientists have tried to compensate
this shortcoming by estimating or reconstructing these input functions from e.g. mass
fluxes, land use and/or compound-specific application schedules. This only allows for
deriving rather coarse and averaged functions with low temporal or spatial resolution.

The application of indicators does not replace tracer studies. Especially, for very complex
systems, system information obtained from indicators can be a valuable planning tool for
conducting successful tracer experiments. Tracer experiments can be used for verifying
system information obtained from indicators. The combined use of tracers and indicators
opens the opportunity to derive a wider information spectrum about system and system
properties.

The identification of compounds with known indicator functionalities is still in its early
stages. As this concept is one of the most important research gaps, the potential of using
indicators for deriving system information of different qualities is described below. The
actual scientific challenge is a widespread application of these approaches on a field scale.
OMP can be very source specific and thus offer the potential to be employed as indicators
for source delineation in monitoring groundwater and surface water just by compound
presence or absence. This especially applies to selected pharmaceuticals, pesticides, and
stimulants.
Selected examples highlighting desired capabilities arising from the application of OMP as
indicators are summarised below.
• Anticonvulsant drug carbamazepine was identified to be much better suited for the
identification and even calculation of wastewater burden in nearby drinking water
wells than the more “traditional” wastewater indicator Cl−.
• Pollution by leaking sewers was detected by elevated concentrations of
amidotrizoic acid and iothalamic acid (iodinated contrast media).
• The occurrence of the artificial sweeteners sucralose and acesulfame in surface
water and groundwater was found to correlate with the wastewater burden of the
respective water bodies.
•
Caffeine (life style product) was found to be a suitable wastewater indicator to
detect and even quantify the fraction of untreated wastewater discharged to the
receiving surface waters. The concentration of caffeine in different water types was
found to moderately correlated with faecal coliform bacteria.
• Compounds from the class of optical brighteners, originating beside industrial
applications such as paper mills and from most modern laundry detergents. They
are mainly employed in source apportionment to detect wastewater burden of
natural waters and also to distinguish the wastewater’s origin.
•
Regarding biocide and pesticide dynamics in surface waters the biocide mecoprop

86

•

was used as a representative compound for urban areas.
Carbendazim (biocide) is a good indicator for urban areas due to its current
widespread application in the energy-efficient renovation of houses where it can
be found in insulation material and paint. Carbendazim enters the aquatic
environment in significant concentrations after precipitation events.

Beside simple source apportionment the occurrence or absence of selected OMP may
further assist in the verification of a connectivity and exchange between water bodies.
•
Stream-aquifer interaction was verified by using atrazine (herbicide) and its
Metabolites.
•
Surface water – groundwater interaction was demonstrated by the presence of
pharmaceuticals in both water bodies.
•
Elevated concentrations along a fault zone may demonstrate its active connection
to a basin.
•
Number and type of compounds detected maybe used for catchment delineation.

The occurrence or absence of selected OMP or its transformation products under changing
boundary conditions may serve as valuable process indicators.
•
The redox sensitivity of the degradation of phenazone (analgesic drug) during
artificial recharge, demonstrates that the compound may be used as a redox
indicator.
•
The specific reaction of sulfamethoxazole (antibiotic drug) and diclofenac (pain
killer), during de-nitrification with nitrite accumulation was demonstrated.

In order to associate unambiguous indicator functionalities to these compounds the
understanding of the controlling boundary conditions is essential. De-nitrification is a
significant redox-process in the hyporheic zone. If processes others than de-nitrification
releasing the reactants NO and NO2− (e.g. anammox) dominate, a clear assignment to
denitrifying conditions may not be possible.

The application of concentration ratios rather than simple concentrations as indicators can
significantly reduce ambiguity in derivable information, especially for complex natural
systems. This is because non-reactive transport processes, such as dilution, leading to
concentration changes are normalised by this approach. This enables the direct translation
of ratio changes into semi-quantitative information on the studied system. While the
application of compound ratios in source apportionment or process identification for
organic compounds with dominant sources other then anthropogenic sources is a long
established tool, its use as indicator for deriving semi-quantitative system information is
still scarce today.

The main prerequisite for using concentration ratios of two compounds as indicator lies in
the common occurrence of these compounds at any one point in the aquatic system and
their subsequent joint transport leading to a change in that ratio. For this, the transport
direction should be known. No additional sources for these compounds along the flow path
shall exist. In order to observe ratio changes, compounds should show a similar
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retardation but different stabilities or indicator compounds should have similar stabilities
but different retardation properties.
This determined initial concentration ratio together with information on intrinsic
compound attenuation could to some extent compensate the lack of an input function.
Uncertainty remains on how stable this initial ratio is with time. As an example and
excluding dilution effects, caffeine with a clear daily concentration cycle or x-ray contrast
media with a clear weekly concentration pattern must show a variable ratio when
compared with carbamazepine, which shows virtually no temporal load changes. These
temporally not robust initial ratios maybe more problematic in surface water e.g. rivers
but are certainly less problematic in aquifers, especially porous aquifers, due to signal
dampening.

Kunkel and Radke (2012) attempted deriving attenuation rates in a river by applying
concentration ratios with the stable carbamazepine. Nödler et al. (2011) tested various
ratios for their temporal and spatial stability within a river catchment with the aim of
deriving robust sets for describing surface water groundwater interactions.
Concentration ratios of chemically unrelated compounds(e.g. different pharmaceuticals)
may be affected by more than a single process, while related compounds can react in more
specific and predictable way. Especially for process assignment and quantification the
latter may proof to be more robust. The following ratios of related compounds may be
used:
•
Homologues,
•
Positional isomers,
•
Enantiomers,
•
Parent compound / transformation product and
•
Isotopic ratios within the same compound.

Prerequisite for obtaining quantitative information from indicators lie in the estimation
or reconstruction of their input functions from e.g. mass fluxes, land use and/or
compound-specific application schedules together with knowledge on their intrinsic
attenuation behaviour. This is quite challenging and field applications are yet scarce.
Although the application of indicators for obtaining quantitative information on the
aquatic system has great potential, it is still in its early stages.

The actual scientific challenge is to close the existing research gaps within INTCATCH. A
comprehensive list of indicator compounds includes compounds with different stabilities
as well as different origins. Among the possible list of compound classes, lifestyle products
(beverages, food additives and metabolites) are the most widespread ones with constant
and large quantity consumption indicating any kind of sewage-associated impairments.
This makes them source specific while being universally present independent from the
catchments and their specific problems. For the INTCATCH project a final universal short
list of indicators will be compiled which allows for source apportionment and allocation. A
final challenge is the widespread application of this approach on field scale in the field sites
of INTCATCH.
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13.

Overview of the INTCATCH catchment challenges and opportunities for the
use of INTCATCH tools to inform the Innovative Monitoring Strategies

13.1. INTCATCH Ambition and Approach
The ambition of INTCATCH is to drive forward with innovative monitoring approaches that
enables a new strategy to become a reality; one that delivers the information needed to
take the next step forward in catchment management. INTCATCH 2020 will develop a
range of products that will allow for the monitoring of parameters to facilitate meeting the
objectives of the WFD by focussing effort on investigative, operational and surveillance
monitoring. Products will include:
• Autonomous and Radio controlled boats
• Biosensors and gene probes
• Semi fixed / portable monitoring stations
• DNA based technology portable field ‘laboratories’

In addition, the range of tools identified in Section 11.2 will be explored with partners and
stakeholders to develop a comprehensive view of tools that can be used to generate
valuable environmental data.

The baseline assessment presented in D2.1 provides the INTCATCH program with the
current state of the environment in our 5 test catchment areas, with identified pressures
and sources. Yet it is clear that there are a range of different tools and deployment options
that are seldom used, and that can provide valuable information to support a greater
understanding of the water environment, and help direct catchment management. Based
on data derived using the ‘regulatory’ monitoring chemical and biological survey
approaches mandated by the Commission, INTCATCH aims to focus on how the range of
wider tools and technologies and deployment options - innovative monitoring strategies –
that can provide greater insights to the pressures on the environment, leading to
catchment improvements

This section:
• Provides an overview of the top five common challenges / problems that have been
identified by the chosen catchments is presented;
• Presents a list of the substances that have been identified as being an issue, with some
substances having been identified in more than one catchment; and,
• Explores how the proposed INTCATCH tools could be deployed to help with the
challenges identified in the demonstration catchments.
In addition, a number of stakeholder engagement activities to explore and identify a wider
range of tools that might make INCATCH a more holistic and exploitable project have been
progressed in four of the five demonstration catchments.
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13.2. Catchment challenges
The top five common challenges identified below have been selected as they have been
raised as a challenge across all the chosen catchments:
•
Agricultural land use – Pollution of nutrients, nitrate and pesticides. Pollutants
discharged directly into the river or through the sediment into groundwater.
•
Industrial activity – Urban run-off. Heavy metals, PCB’s and petroleum
compounds are a few of the substances that indicate urban run-off.
•
Over abstraction – Drying out of rivers and groundwater sources will mean that
there is less water for the catchment users – whether for irrigation or drinking
water purposes. It also means that there will be less water in the river for dilution
of pollutants.
•
Phosphate and sediment – Higher impact on Eutrophication of the river
producing Algae and low dissolved oxygen levels. Discharges from sewage works
and fertilisers contribute to the increase in Phosphate pollution.
•
Misconnections and cross connections – sinks and washing machines and in
some cases industrial drainage is wrongly connected to the surface water drain.
This causes a build up of chemicals in the river such as Ammonia, Phosphate and
Nitrate.
13.3.

How the INTCATCH monitoring tools can be deployed to meet the challenges
in the demonstration catchments
This section of the report introduces the early considerations how each of the chosen
catchments have highlighted how the INTCATCH tools can be used to help them resolve
some of the specific water quality issues and challenges that have been identified. This will
be developed further in Task 2.3, D2.3 ‘Innovative Monitoring Strategies’.

13.3.1. Lake Garda
Due to the extensive size of Lake Garda, a clear need is spatial sampling to address the key
challenges of:

•
•
•
•
•

Sources and prioritisation of phosphorus to the lake;
Sources and prioritisation of pesticides from agricultural sources;
Sources of human pollution; and
Microbiological parameters – related to recreational bathing water use.
Other chemical, physico-chemical parameters, and water quality indicators that can
discriminate water pollution sources and inputs to waterbodies.

The use of aquatic monitoring ‘drones’ would provide the platform to deploy a range of
sensors and/or tests that would provide spatial and temporal coverage, as well as results
that would be faster than laboratory analysis. This in turn would be a strategy that would
aim to reduce monitoring costs foreseen by the current EU legislation.
The use of metagenomic tools woukld not only help the WFD monitoring programs and the
bathing water directive. The metagenomic studies could be targeted towards specific
genes of interest for human health such as pathogenic bacteria, with the desired outcome
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for more rapid detection of pathogens, faster delivery of the final results, so as to support
the communication to the public.

13.3.2. River Ter
The upper part of the River Ter catchment has insufficient or inadequate monitoring. Apart
from manual sampling of water and bio indicators, it only has continuous data monitoring
in the Sau, Susqueda and El Pasteral reservoirs (water inlet, inside and outlet).
The main chemical parameters of focus for monitoring are:
•
General parameters: temperature, Dissolved Oxygen, EC, turbidity, Suspended
Solids, Ammonia.
•
Heavy metals: Copper, Nickel, Zinc, Chromium (VI), and Mercury.
•
Nutrients: nitrates, nitrites, phosphates.
•
Pesticides.
•
Other: Chlorine, Sulphate-, CO42-, Cyanide, Total Organic Carbon, Geosmin,
Microcystin(s), Chlorophyll, algae watch-online-fluorometer, and Cyanobacteria, E.
coli.

Two approaches are proposed to address the on-going water quality challenges to identify
sources and occasions of polluting inputs to the Ter system:
•
an online, continuous monitoring approach along the key reaches on the Ter,
combining continuous monitoring along the River Ter and many of its tributaries
(5-10, depending on the available budget);
•
directed monitoring using INTCATCH boats (checking the waters from the
reservoirs to the River Ter source each month and/or following rainfall / storm or
wet or scarcity periods).
A discrete monitoring campaign will start in January 2017 to help define this continuous
monitoring proposal.

13.3.3.
Lake Yliki – Greece
Current monitoring practices reveal that a relatively small number of samples and low
number of monitoring locations/stations is carried out in order to limit the monitoring
cost, but at the same time to conform to regulatory requirements. The existing frequency
of data collection and number is based on a trade-off between cost and benefits, resulting
in a monitoring plan that can satisfy the basic legislative requirements. This plan fails to
detect potential pollution in specific local parts of the lake and to depict accurately the
algae blooms, which occasionally occur. Furthermore, the potential pollution from
agricultural and road pollution runoff has not been evaluated.

Among the most common lake problems are algal blooms, suspended solids and turbidity,
oxygen depletion, growth of aquatic plants (macrophytes) and water depth changes. The
problems can be identified by continuously monitoring some of the crucial parameters and
the results should be linked to a decision support system in order to identify restoration
measures that could address the relevant problem.
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Yet, water quality monitoring is essential in order to develop and implement lakemanagement plans, to protect the water quality or take immediate actions in order to
restore deterioration of water quality. To accomplish this it is important to collect data
across the lake, over long, sustained periods of time. Consequently, user-friendly water
monitoring strategies and systems, based on innovative technologies that will provide real
time data for important parameters are necessary.

Therefore, the greatest need is to apply a platform that can do extensive monitoring that
will be navigated across the lake in a systematic way, and continuously record specific
water quality parameters. This will provide a more comprehensive picture of the quality of
the lake in real time and take action, if required, in order to limit pollution. This will have
many operational and scientific advantages over current manually delivered monitoring
programs.
Sampling strategies allowing 24 hour sampling, the ability to inspect and capture specific
events and locations in a timely manner, as well as to provide a mechanism for quantifying
natural variability to drive and calibrate modelling efforts are also proposed for evaluation
in the catchment demonstration programme.
The modelling tools that will be developed in the framework of the INTCATCH project will
be applied to simulate water quality parameters of Lake Yliki, in an effort to have
projections of the Lake’s quality. Finally, the complete INTCATCH service will be a valuable
tool for EYDAP and other Greek water authorities that require water monitoring to comply
with specific laws.

13.3.4. River Thames tributaries
The water quality of the 4 urban demonstration catchments in London is highly spatially
and temporally variable and this variability is, in most cases, not captured by current
monitoring strategies. Current sampling (mostly spot sampling for WFD purposes from the
lower regions of the catchments) generates averages which are low resolution and not
representative of upstream conditions or of flux. INTCATCH tools will be key to gaining
deeper understanding of the catchments, in particular concerning urban diffuse pollution
issues.
Investigative monitoring using INTCATCH tools will be aimed at generating real-time data
which will be crucial in facilitating more detailed understanding of:
1) pollution sources, pollution loads and their spatial and temporal variability
(misconnections, cross connections, unconsented and consented CSOs, road run off) and
2) the impacts of these pollution inputs in conjunction with other heavily modified urban
river issues, such as low, dry weather flows, flashy hydrological regimes and
pesticides/fertilizers inherited from rural headwaters. Outputs from the DSS will enable
targeted action for maximum impact for catchment management – including when and
where to carry out, interventions for the greatest effect on water quality.

In addition to the above, INTCATCH investigations will provide information essential to the
solving and management of problems specific to certain catchments. For example, by
contributing data to enable the understanding and predicting of blooms of blue-green
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algae in Marsh Dykes-Thamesmead, a catchment with very little monitoring data. This
will be key for public health and to prevent costly closure of the sailing and canoe schools.
To date, the Pinn catchment also has very little monitoring data so is relatively less well
understood. Real-time monitoring with INTCATCH tools will be of enormous benefit
throughout the catchment – not least as a baseline assessment prior to the construction of
the new significant infrastructure project – High Speed 2 (HS2) rail transport route
through the catchment.

INTCATCH tools could also enhance citizen science projects by enabling the collection of
scientifically robust data. For example, INTCATCH tools can provide essential support for
citizen science data collection programmes such as the visual monitoring of surface water
outfalls by citizen scientists to inform Thames Water’s asset management plan (Outfall
Safaris, run by the Zoological Society of London, currently taking place in the Hogsmill
catchment). This catchment suffers regularly from low dissolved oxygen, unexplained
ammonia spikes and discharges from storm water tanks at the head of the catchment.
Consequently, WFD monitoring results from the base of the catchment are known not to
reflect true conditions in the head waters, meaning that INTCATCH investigations will be
invaluable for understanding spatial and temporal dynamics and for more effective
catchment management.

The Salmons Brook suffers from urban diffuse pollution but also pollution from the
agricultural headwaters, so identification of agricultural inputs (sources and quantities)
will be of interest. Additionally, the impacts of discharges from the Deephams Sewage
treatment plant on water quality will also be assessed.

The INTCATCH tools will also be applied to monitor the effectiveness of the recently
installed constructed wetlands - both at the inflow/outflow and to measure the impact on
overall water quality in the Salmons Brook.
13.3.5. River Wissey
The River Wissey is a largely rural catchment and receives inputs from a number of
sources that are highly variable. Most of these inputs are driven by rainfall events and so
the focus of investigation monitoring needs to be on the temporal nature of such events,
using in situ monitoring as a general approach.

Initial catchment risk assessment should use available modelling information that would
predict risk of key parameters reaching the rivers system. A range of tools and data are
being used to identify those areas of risk, and this information has focused in on some
headwater areas, worth of further investigation.
One of the challenges is the variable nature of land use due to in-year cropping cycles, and
between years crop and land use rotations. The catchment has a mixture of arable, cereal
and livestock land use, and the risks of run off in the headwater areas, varies accordingly.
The initial surveys therefore needs to start off with a surveillance approach using
catchment walk over, using drones, satellite imagery to target specific locations at the field
scale where run off risk is greatest.
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After rainfall events it would be useful to deploy radio controlled boats in parts of the
water body that we know have higher phosphate, sediment and pesticide levels, with the
boats incorporating an appropriate range of sensors.

A key aspect is source apportionment and loadings to the system and where significant
point sources have been identified. Monitoring upstream and downstream of the sewage
works will help to indicate the relevant proportions of loads are emerging from the point
sources, in relation to the diffuse inputs upstream. Bringing together flow gauging and
water quality measurements can also advance the knowledge of the impact of abstraction
at different times of the year, and also generate loadings to the environment from specific
identified sources.
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Monitoring challenges / specific parameters.
Table 13: Key parameters that have been identified as issues in the chosen catchments. The parameters highlighted in yellow are currently
available now and can be be monitored using sensors / boats.
Lake Garda
River Great Ouse
River Ter
Lake Yliki
Thames tributaries
Phosphate
Phosphate
Phosphate
Phosphate
Phosphate
Dissolved Oxygen
Dissolved oxygen
Dissolved Oxygen
Dissolved Oxygen
Pesticides
Pesticide
– Pesticides
Diuron – herbicide
Pesticides
Metaldehyde
Metamidophos – Insecticide
Mono-linuron -pesticide
Ammonia
Ammonia
Ammonia
Ammonia
E-Coli
E-Coli
Chlorophyll
Chlorophyll
Algae
Blue Green Algae
Chromium
Chromium
Chromium
Copper
Copper
Copper
pH
pH
pH
pH
Cyanobacteria
Cyanobacteria
Temperature
Temperature
Temperature
Temperature
Mercury
Mercury
Mercury
Turbidity
Turbidity
Turbidity
Nickel
Nickel
Total Organic Carbon (TOC)
Total Organic Carbon (TOC)
Total organic carbon (TOC)
Conductivity
Conductivity
Conductivity
Cadmium
Cadmium
Zinc
Zinc
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Lake Garda
River Great Ouse
Pharmaceutical
chemicals
Cosmetic
products
PCB and dioxins
in surface water
& sediment
Metformin
Melamin

River Ter
Suspended Solids

Lake Yliki
Hexachlorobutadiene (ug/l)

Geosmin

Microcystin (blue-green algal
toxin(s)
Fluorine
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Thames tributaries
Polycyclic
aromatic
hydrocarbons (PAH)
Total petroleum hydrocarbons
(TPH)
Methyl tertiary – butyl ether
(MTBE) -petrol additive
Total Nitrogen
Biochemical Oxygen demand
Faecal coliform bacteria
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Appendix 1: Schedule of Water Framework Articles
Article Description
1
Purpose – development of a framework for the protection of inland surface waters, transitional waters, coastal waters and groundwater.
Prevent further deterioration, promotes sustainable water use, enhance protection & improvement of the aquatic environment, ensures the progressive
reduction of pollution of groundwater and contributes to mitigating the effect of floods and droughts.
2
Definitions – List definitions for surface water, groundwater, inland water, river etc.
3
Co-ordination of administrative arrangements for river basin districts – Identification of all river basin districts and competent authority to ensure the
compliance of the directive.
4
Environmental objectives – Making operational the programmes of measures specified in the River Basin management plans – surface & groundwater.
5
Characteristics of the river basin district, review of the environmental impact of human activity and economic analysis of water use – Each member
state must complete a review at the latest four years after the date of entry into force of this directive.
6
Register of protected areas – Establishment of a register of all areas lying within each river basin district which have been designated as requiring special
protection under specific community legislation for the protection of their surface, groundwater or for the conservation of habitats and species directly
depending on water.
7
Waters used for the abstraction of drinking water – Identify each river basin district that is used for abstraction of water intended for human consumption,
providing more than 10m3 a day as an average or serving more than 50 people and in accordance with annex V, those bodies of water that provide more that
100m3 a day as an average. Must ensure the necessary protection for the bodies of water identified with the aim of avoiding deterioration in their quality.
8
Monitoring of surface water status, groundwater status and protected areas – Ensure the establishment of monitoring programmes in order to establish
a comprehensive overview of water status within each river basin district.
9
Recovery of costs for water services - take account of the principle of recovery of the costs of water services, including environmental and resource costs in
accordance in particular with the polluter pays principle. Water pricing policies are adequate for users to use water resources efficiently.
10
The combined approach for point and diffuse sources – Ensure that all discharges into surface waters are controlled according to the combined approach
set out in the article. The emission controls should be based on best available techniques, or the relevant emission limit values or in the case of diffuse impacts
the controls including as appropriate best environmental practices.
11
Programme of measures – Establishment for each river basin district a programme of measures taking account of the results of the analyses required under
Article 5, in order to achieve the objectives established under Article 4 (Environmental objectives).
12
Issues that can not be dealt with at member state level - Where a Member State identifies an issue which has an impact on the management of its water
but cannot be resolved by that Member State, it may report the issue to the Commission and any other Member State concerned and may make
recommendations for the resolution of it. The Commission shall respond to any report or recommendations from Member States within a period of six months.
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Article Description
13
River basin management plans – Member states should ensure that a river basin management plan is produced for each river basin district. The plans shall
be published at the latest nine years after the date of entry into force of this Directive. The plans shall be reviewed and updated at the latest 15 years after the
date of entry into force of this Directive and every six years thereafter.
14
Public information and consultation – Encourage the active involvement of all interested parties in the implementation of the directive, in particular in the
production, review and publishing of the river basin management plans.
15
Reporting - Member States shall send copies of the river basin management plans and all subsequent updates to the Commission and to any other Member
State concerned within three months of their publication. The summary reports should include the analyses required under Article 5, and the monitoring
programmes designed under Article 8.
16
Strategies against pollution of water - Include specific measures against pollution of water by individual pollutants or groups of pollutants presenting a
significant risk to the aquatic environment. Substances shall be prioritised for action on the basis of risk to or via the aquatic environment.
17
Strategies to prevent and control pollution of groundwater – aim to achieve good groundwater status in accordance with article 4 (Environmental
objectives).
18
Commission report - The Commission shall publish a report on the implementation of this Directive at the latest 12 years after the date of entry into force of
this Directive and every six years, and shall submit it to the European Parliament and to the Council. The report includes - a review of progress in the
implementation of the Directive; a review of the status of surface water and groundwater in the Community and a survey of the river basin management plans
19
Plans for future community measures - Once a year, the Commission shall present to the Committee an indicative plan of measures having an impact on
water legislation which it intends to propose in the near future, including any emerging from the proposals, control measures and strategies developed under
Article 16.
20
Technical adaptation to the directive
21
Regulatory committee
22
Repeals and transitional provision
23
Penalties
24
Implementation
25
Entry into force
26
Addresses – Member states, Done Luxembourg
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