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In the field of environmental protection,
experts from a wide range of professional
disciplines, together with various interest
groups, are increasingly joining forces to
find solutions to problems. The principle of
“Integrated Management” assumes a key
role in this effort, as it does in efforts to-
wards a sustainable management of water
resources. During the Information Day 2000,
EAWAG presented the tools and approach-
es used in integrated water management.

It is the goal of integrated management to
find a balance between protection and use.
Apart from the political, economic and so-
cial aspects, ecological functions must also
be considered when assessing a stream and
implementing its management. This general
concept was put into a legal framework
in 1991 with the Federal Laws on Water
Protection and Surface Water Regulation.
The implementation of this task, however, is
complex and associated with considerable
uncertainty. From the beginning, EAWAG
has been active in developing scientifically
based instruments for integrated problem
analysis and remedial action planning in
water management. Professional circles
have also recognized the need for inte-
grated approaches to environmental pro-
tection. A number of efforts currently under
way in government, industry, and in political
arenas follow this general principle; in all
cases, one of the crucial decisions is the
early involvement of interested parties in the
development of basic strategies.

Science has a very important role to play in
the development of approaches and tools
that are used in integrated water manage-
ment. Crucial factors for its success include
collaboration across disciplinary as well as
institutional boundaries and establishment
of a dialogue with professional circles. Sci-

Editorial

entists must be encouraged to think and
work in a larger environmental context. This
also means relinquishing the usual ways of
conducting scientific research, which have
traditionally not involved contact with pro-
fessional circles. The realization of the im-
portance of water management problems
facing us will no doubt push the science
into becoming ever more transparent to
the public and to those who apply scientific
research in the real world.
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The Perspective of
Integrated Water Management

Integrated water management is a perspective for effective and
efficient protection and utilization concepts for water. On the
one hand, individual demands, such as water quality or flood
protection, need to be coordinated and optimized; on the other,
integrated water management deals with ecological-economic
optimization of specific uses such as hydroelectric power gener-
ation. This article presents some basic principles and tools to
implement integrated water management.

Development of Water
Utilization

Aquatic ecosystems have become sub-
jected to permanent change due to a large
extent from ever changing and increasing
demands for utilization. Since the 19t cen-
tury, laws governing fisheries, flood pro-
tection, stream corrections, hydroelectric
power generation, and water protection
have been established with each law cover-
ing a specific sector of all the different
aspects defining a stream. Many activities,
such as farming, community development,
road construction and combustion process-
es, have an indirect impact on streams. For
a long time, these impacts were mostly

Sector-by-sector
approaches use/protection
1950 — Curative-technical
solutions “End-of-pipe”
1960 Regulations/subsidies
1970
— Goal-oriented remedies
(target = stream condition)
1980
— Prevention at the source
— Polluter-| -principl
1990 olluter-pays-principle
— Economic incentives
2000 i Coordination
¢ Participation
4 Integration

Fig. 1: Development of water protection in Switzer-
land: from wastewater treatment to integrated
approaches. Protection and usage needs were devel-
oped in a fragmented, sectional fashion.
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ignored. Even water protection itself has
become segregated into areas that have
developed independently. Despite the on-
going trend for management approaches to
cover wider aspects of problems (Fig. 1),
stream protection still strongly reflects its
historic roots.

Preventative, cause-oriented approaches
are still poorly developed when compared
with “end-of-pipe” solutions. Positive ex-
amples of exceptions are the ban on phos-
phate in detergents (1986) and the promo-
tion of low-pollution production processes
in industry. The introduction of market econ-
omy tools in environmental politics (e.g.,
financial incentives, environmental tax re-
form) still faces resistance.

Where - in view of the new challenges - lie
the problems in the historically established
way we deal with streams and the corre-
sponding legal and administrative struc-
tures?

® Problems are rarely analyzed in a larger
context. Solutions are often designed for a
narrow definition of the problem and deal
with a very specific set of problems and
uses. Cost/benefit analyses play a minor
role. As a consequence, financial resources
are often used poorly.

m Sectorial regulation and implementation
lead to less friction within authorities and
increase the burden on those who must
comply with environmental regulations.

® Many problems cannot be solved without
financial incentives and preventative mea-
sures.

m We often face helplessness when dealing
with newly emerging problems. A recent
example is the problem of hormonally active

chemicals (see article of P. Holm, p. 23).
What is missing are generally accepted
tools for long-range risk analyses and for
preventative, cause-oriented risk reduction.
We would like to contrast the current frag-
mented management style with an approach
where the utilization and protection needs
are analyzed, evaluated, and implemented
while looking at the whole system. The ben-
efits to be hoped for from this approach
would be synergism between different
fields, coordinated actions among all sides
involved, and more efficient use of re-
sources.

Starting Point for

an Integrated Approach

Ideally, integrated water management
would take into account all impacts, all
forms of utilization, and all protection needs
as well as predominating political, legal,
institutional, economic, social and cultural
aspects. Is this goal attainable in the real
world?

The primary goal of integrated management
is the sustainable use of water, i.e., guaran-
teeing that the essential forms of utilization
can be maintained over long periods of
time. This includes supplying drinking wa-
ter, water for food production, hydroelectric
power generation, flood protection, main-
taining a healthy ecosystem, and also pro-
viding emotional values.

Different usages influence the appearance of a stream
(Calancasca, canton Grisons).
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Fig. 2: Requirement profile for water management in
developed and developing countries. The profiles can
vary significantly even among countries within the
same group.

The priorities among all these demands may
vary depending on the particular set of
problems in a given situation [1]. Priorities
will also depend on the culture, the domi-
nant socio-economic factors of a country
or a region, and administrative and legal
structures [2]. Figure 2 illustrates the typical
demands on water management for devel-
oped and third-world countries.

Problems related to water resources are by
nature highly complex and specific. This
leads to an apparent paradox: each of the
problems is difficult enough to handle by
itself, and now the interactions among the
major aspects of water use need to be con-
sidered.

Connected aquatic ecosystems: Aquatic
ecosystems are closely linked with one an-
other and with their environment (see article
of U. Uehlinger, p. 16). The condition of indi-
vidual ecosystems is determined by inter-
actions within this entire network and by
anthropogenic influences. The processes
occurring in the system are extremely com-
plex and dynamic and may be described
and predicted only to a limited degree.
Connected environmental problems: Human
activities that cause water problems lead to
numerous other environmental problems.
Conversely, a number of human activities
are often responsible for a particular prob-
lem, e.g., excessive nitrogen accumulation
in the environment (Fig. 3). Each activity
(such as agriculture) should therefore be
optimized within an overall environmental
context, and not only with regard to water
[3-5].

Large spatial and temporal scales: Biologi-
cal elements and ecological processes rele-
vant in aquatic ecosystems occur on wide
spatial (M2 to km2) and temporal (days to
centuries or more) scales [6]. The same can
be said of anthropogenic impacts. In mini-
mizing environmental impacts of hydro-
electric power generation, for example, the

Additional problems

Activities

N-induced problems

Compounds el
in water, soil, air oth Waste water a d * !
er 5 round water
Agriculture N|t|_'og_en [
ffact emissions !
Soil efrects Transportation Air !
i
Oceans
Nature i
Climate |
. v
Remedies
Economy - global

Fig. 3: Nitrogen - a complex environmental problem. Nitrogen is released by a number of activities and results
in environmental problems from the local to global scale. Each activity is also responsible for a number of other
environmental problems and needs to be addressed within the entire context.

Effect =

Reduction in N-emissions

(in 1000 t N/y)

Reforms in agriculture

1 and promotion of
biological practices
G
G
20T Agrarian reform
N-reduction in
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treatment plants 104+
.
Stricter emission standards for vehicles
axes on fertilizer
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Cost to the e | Transportation tax on heavy trucks Benefit to
National < t t il > the National
Economy 100 (Million Francs per year) 100 500 Economy

Fig. 4: Cost and effects of a reduction in nitrogen emissions in Switzerland. Political programs and options for
increased consideration of ecological aspects were examined for a number of activities (BUWAL, 1996).

stream fauna is sensitive to the daily and
weekly rhythm of residual flow volumes,
while a flood plain responds to rhythms
spanning decades. It is therefore very diffi-
cult to perform cause-effect analyses and to
determine the effects of actions relevant for
water condition [7].

Execution at different levels: Additional
complexity is introduced by the fact that
responsibility for different kinds of problems
and decisions falls to entities that are sub-
jected to different hierarchical and spatial
levels. The entities involved comprise of
governing bodies ranging from the com-
munity all the way up to international level,
a suite of administrative offices, (e.g., for
water use, energy, agriculture, water and
environmental protection), and other groups
who need to provide input, such as certain
business sectors, professional associations,
citizen organizations, NGOs and more.
Utilization conflicts and discrepancies in
values: Even within a relatively homogenous
cultural context, problems caused by water
utilization can be valued very differently by
various interest groups (e.g., protectors of

the environment vs. protectors of jobs). This
can lead to irreconcilable differences be-
cause the priorities and the remedies are
determined within different value systems.
The situation can be aggravated even fur-
ther since the values and needs related to
water use can change relatively quickly.

Synergisms between different usage
modes: Opposing demands on water use
usually restrict the options for action, but
in some cases they may even turn out to
be mutually beneficial. The certification of
green electricity, for example, (see article of
C. Bratrich, p. 20) can lead to conflict reso-
lution and support integrated stream reha-
bilitation [8]. The opposite is done for
agricultural practices which crank up the
nitrogen cycle, and thus are difficult to
reconcile with technological improvements

in wastewater treatment [3-5].

General Directions

and Principles

Our discussion so far illustrates that the goal
of all-inclusive, integrated water manage-
ment in the idealistic sense is not realistic.
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So where are the solutions that will bring us
closer to sustainable water management by
using the potential of synergisms and effi-
ciency improvements?

The new EU Water Framework Directive
(WFD, see article of J. Leentvaar, p. 18) stip-
ulates that integrated water management
be implemented on the scale of entire wa-
tersheds. The directive formulates general
goals and principles that must be translated
into national law, and applied in specific ac-
tion plans. This step-by-step application of
generally accepted principles can enhance
integrated approaches to water manage-
ment. Another important intention of the
WEFD is to integrate issues related to water
and environmental protection into sectors
like agricultural policies and urban planning
(see article of H.P. Willi, p. 26).

But even with the best intentions, the inher-
ent complexities and uncertainties in water
management cannot be overcome. Simply
for practical reasons, it must be assumed
that individual approaches for different
aspects of water management (e.g., waste-
water treatment, water supply, flood pro-
tection, restoration) and that tailor-made
solutions for certain uses (e.g., hydroelectric
power generation, agriculture) will continue
to play an important role. What will be new,
however, is that these approaches will not
be worked out individually for each aspect,
but will be coordinated with one another.
The following principles — as they are, in
part, also stated in the WFD introduced by
the EU - are meant to provide general
guidelines for the practically oriented defi-
nition of integrated water management in a
range of different contexts.

Design water use in accordance with sus-
tainability: The long-term regeneration of
water resources is the highest principle for
all actions. Irreversible impacts have to be
avoided.

Choosing appropriate incentives and acting
upon cost/benefit evaluations: The effec-
tiveness of a certain measure is often cru-
cially dependent on its acceptance by the
affected parties. In finding practical solu-
tions, we must consider how much room
these parties have to maneuver, and we
have to include cost effectiveness in the
evaluation process. We must go beyond
traditional ordinances and should increas-
ingly resort to financial incentives, voluntary
agreements, information transfer and edu-
cation, and support of innovative solutions
and cooperation among the various parties.
The general understanding of the problems
and the capacity for solving them will grow,
while local initiatives will become increas-
ingly more important.
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Taking into account interactions between
different spheres of interest: We should
attempt to overcome the traditional antago-
nism between protection and usage inter-
ests and identify and promote possibilities
for synergisms. Optimizing the amount of
fertilizer used in agriculture, for example,
can have environmental as well as eco-
nomic benefits. An example of what we
should not attempt to do would be pushing
wastewater treatment to its absolute tech-
nically feasible optimum, since we might
create new environmental problems in the
process. The necessary coordination could
be provided by interdepartmental commit-
tees who would examine proposed regula-
tions as well as action plans for duplication
or inconsistencies.

Participatory decision-making processes:
The high level of complexity in water use
and protection issues requires active par-
ticipation of the various interest groups,
for example in the permitting process for
hydroelectric power plants. Involvement of
all interested groups from the beginning can
reveal synergisms early on and will place
decisions on a broader basis, which will
reduce opposition during the later phases of
the process. Early involvement of all interest
groups will also tend to reduce overall costs
and shorten the planning and permitting
process.

Flexible approaches which allow a learning
process: Flexible management, control and
correction mechanisms are needed since
natural and social processes are very com-
plex, and the effect of any particular action
is difficult to predict. Actions should be
conceived as experiments that will periodi-
cally be evaluated and adapted. Flexible
approaches that leave some room for error
are particularly important for installations
with a long life time, as for example, in
wastewater disposal. Technical solutions
should ideally provide flexibility and options
for design modifications for a long period
after initial construction.

Tools for Integrated
Management

In order to apply the principles described
above in the real world, we need new
concepts and tools. However, the scientific
basis for those is often not available in a
form that is directly applicable. Science
needs to increase its effort to synthesize
information and to present and commu-
nicate it in a generally accessible form.
Furthermore, close cooperation between
science and professionals on the applica-
tion side will support the development of
new approaches in water management.

Early identification of risks: Scientific
based knowledge plays a crucial role in
the early recognition of problems and in
the subsequent development of remedial
actions. Scientific knowledge as well as
projections of risks, however, are always
associated by some degree of uncertainty. It
is important to openly discuss these un-
certainties; ignoring uncertainties or exag-
gerating them can have equally fatal conse-
quences. This type of information has to be
transmitted to the public in an appropriate
and understandable form, which requires
the scientific community to find new ways of
communicating.

Procedures for ecological assessment and
evaluation of action plans: In order to de-
velop effective responses to problems, we
need to develop and apply procedures that
characterize and evaluate environmental
problems in appropriate ecological terms
(see articles of A. Peter, p. 7, and N. Schwei-
gert, p. 10). Such procedures need to be
scientifically based and broadly accepted,
and be easy to integrate in the decision-
making process. Decision-support systems
(e.g., analyses of cost effectiveness) will
become increasingly more important (see
article of W. Meier, p. 13). Figure 4 compares
the costs and the affects of reducing nitro-
gen emissions in Switzerland [4].

Open discussion of uncertainties is im-
portant in this type of evaluation, too. We
have to explicitly state how different value
systems will lead to different responses to a
given problem. When trying to demonstrate
the need for remedial action, for example in
flood protection or stream restoration, it is
critical that different segments of the public
provide their own risk perception. The de-
gree of risk one is willing to accept has to be
an explicit, adjustable parameter within the
problem analysis framework.

Development of new technologies: At the
center of our efforts are both the reduction
of the amount of water used and the reduc-
tion of contaminant release into the environ-
ment. Target sectors are agriculture, indus-
try, households, together with other areas
of our society and economy where water
plays an important role. We must be open to
radically new socio-technical solutions and
seriously evaluate their viability. Innovative
technologies should not be based solely on
technological considerations; the full poten-
tial of innovative technology is only realized
when it is accompanied by the development
of new usage patterns and institutional
structures.

Promotion of efficient institutions: In some
areas of water management, institutional
reforms are believed to offer the largest
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The Pfynwald is a floodplain of national interest. Ahead of this floodplain the water of the river Rhone is drained off

and used for the production of hydropower.

potential for improvements. In the public
sector, such reforms have been dominated
over the past few years by various forms of
liberalization and privatization. We have had
to realize, however, that such reforms must
be thought out very carefully in order to
avoid the creation of new problems. The
one indisputable principle emerging from
our experiences is that the competence to
make decisions should be placed with the
institutions or authorities which have physi-
cally to deal with the relevant problems.

Perspective

Integrated water management, which is
able to simultaneously analyze, evaluate
and solve all problems in an all-inclusive
form, is a hypothetical goal that is not
attainable in the real world. It is important,
however, to remain focused on the basic re-
quirements for integrated approaches when
developing new concepts for water utiliza-

Guidelines / Tools

tion and protection. We need to be aware of
the connections between different kinds of
problems and to coordinate between differ-
ent sectors of action. This is important when
dealing with whole watersheds and also
when optimizing specific water uses. One
important factor in mastering this task is a
consistent political framework that recog-
nizes the links between individual sets of
problems and creates incentives for initia-
tives to be proposed by the various players
and affected parties (Fig. 5).

This article discussed some of the funda-
mental principles and tools towards inte-
grated water management. We would like
to emphasize once more how complex the
natural and social systems are that we have
to deal with. Therefore, it is important to
keep the decision-making process trans-
parent, explicitly state uncertainties, and to
create an open and participatory atmos-
phere. Only in doing so will we make the
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best use of synergisms, minimize friction,
and maximize efficiency and efficacy of the
actions that are to be taken.

EAWAG has proposed a number of initia-
tives over the last few years, aimed at sup-
porting specific areas within the framework
of integrated water management. It was the
goal of the Information Day 2000 to present
the larger context of the various projects
and to show how integrated water manage-
ment might look in the future.

Ueli Bundi is member of the
EAWAG directorate and works
on questions of water manage-
ment and environmental policy.

Co-author:

Bernhard Truffer is geographer and research scientist
in the Department of “Human Ecology” at EAWAG
since 1993. He has been leader of the EAWAG project
“Green Electricity” since April 1998.
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The Swuss Modular

Concept

-

A Basis for the Assessment of Streams

The Swiss Modular Concept creates a framework for the exami-
nation and evaluation of streams and includes hydrological,
morphological, biological, chemical and ecotoxicological modules.
It will become an important tool in integrated assessment and

management of streams.

In Switzerland over the 20t Century, the
various ways in which streams have been
intensively utilized for a variety of purposes
have led to extensive physical degradation
of the streams. Expansion of hydroelectric
installations has resulted in significantly dif-
ferent discharge patterns. Extensive devel-
opment of towns and villages, the related
expansion of roads, as well as the more
intensive agricultural use of the land have
continuously reduced the space left for
streams. In addition, water quality has been
severely impacted. With the rapid increase
in chemical contamination during the 1950s,
it became clear that the public sector had
to get involved. The Water Protection Law
of 1955 (“Gewasserschutzgesetz”; first re-

vised in 1971) provided a legal basis for
problems relating to water pollution. Due to
complete coverage by wastewater treat-
ment plants, water quality continuously
improved. In addition, the Recommenda-
tions for the Examination of Switzerland’s
Streams (“Empfehlungen Uber die Unter-
suchung der schweizerischen Oberflachen-
gewasser”) issued in 1982 provided a set of
tools for the assessment of water quality for
the first time.

With the second revision of the Water Pro-
tection Law in 1991, the protection, preser-
vation and restoration of streams as integral
ecosystems became a central issue. This
required improved methods for the assess-
ment of stream health [1]. In order to gain a

A nearly natural stream: the Brenno in the flood plain near Loderio. Morphologically, this section of the stream may
be classified as natural/close to natural (class |, see Table 4). It is characterized by a particularly high biodiversity.
Eleven of the 12 fish species occurring in the entire Brenno system are found in this section of the stream.

EAWAG news 51

g
E:
w
)
[5
o
B
E
2

holistic assessment of streams, chemical
parameters have to be examined along with
various aspects of hydrology, ecomorphol-
ogy, biology and ecotoxicology.

Requirements for Evaluation
Procedures

Depending on the specific questions asked
in a particular case, the assessment of
stream quality must allow for different ap-
proaches. The need ranges from fast survey
methods for rapidly assessing the condition
of a large catchment to methods for the
detailed analysis of individual streams, even
sections of streams. Streams should be
evaluated from different perspectives, em-
ploying biological as well as non-biological
assessment methods.

The evaluation procedure should include
two steps: the analysis of the current stream
condition using a range of criteria and eval-
uation methods and a comparison of the
current condition to the desired near-natur-
al condition. The challenge lies in combining
factual and analytical information with more
subjective values into one relatively objec-
tive assessment [2]. Ideally, the assessment
criteria should be designed so that different
evaluators come to the same conclusion.
The assessment can be either in the form
of a narrative or based on a point system
in which the scores for individual para-
meters are added to obtain an overall score.
In order to maximize the comparability, we
need to develop methods that are applica-
ble to any stream in Switzerland and which
are consistent with methods used in other
European countries.

Ecological Basis for Stream
Assessment

An assessment scheme that considers all
aspects of stream quality may only be real-
ized by using a modular approach. We
chose the modules hydrology/morphology,
chemistry/ecotoxicology, and biology. Each
of the modules incorporates the current
state-of-the-art findings of the respective
scientific disciplines. The biology module,



Level | Level 1l Level 1l
Scale Region/canton Stream system Medium to short stream
section
Effort Small Medium Large
Goal Rough overview, analysis Detailed overview, analysis  Detailed analysis of specific
of ecological deficiencies of deficiencies, develop- questions
ment of remedial action
Assessment | Point scores Verbal Verbal

Table 1: The three levels of the Swiss Modular Concept.

in particular, was shaped by the following
ecological considerations (see article of
U. Uehlinger, p. 16):

The River Continuum Concept is an attempt
to identify and rationalize longitudinal
changes in stream ecosystems [3]. Rela-
tionships among the catchment, the flood
plains associated with the stream, and the
stream system itself are demonstrated;
changes in community composition be-
tween the headwaters and the mouth of the
river are analyzed. In using this concept, it is
clear that a particular stretch of river can
never be considered an isolated entity but
has to be examined in the context of the
entire river system, including the surround-
ing land. This has a particular impact on the
formulation of remedies for the ecological
deficiencies.

The Flood-Pulse Concept suggests that the
dynamic interaction between the water and
the surrounding terrestrial habitats influ-
ences the inhabitants of both the stream
and the flood plain [4]. Flood plains must
be considered as very special habitats for
plants and animals. As areas that are peri-
odically flooded, they harbor special fauna
and flora. The “flood-pulse” concept clearly
demonstrates that the stream, the riparian
vegetation and the surrounding flood plain
should be treated as a single entity.

Module
Hydrology

Level |

Hydrology and
Morphology

General characterization of
the discharge

Hierarchical Structure of Streams: Frissel
et al. [5] describe the hierarchical organi-
zation of streams (whole river systems to
microhabitats), on both spatial and tempo-
ral scales. Investigations of larger portions
of a river system clearly need to use ap-
proaches based on this concept and con-
sider “scale” as an important factor both
during the investigation and in the final eval-
uation.

The Four-dimensional Stream Concept de-
scribes a stream in its four dimensions;
namely longitudinally, laterally, vertically and
temporally [6, 7]. The strength of this con-
cept lies in its revealing the importance of
spatial exchange processes for water, ma-
terial, energy and organisms along a stream
corridor. The temporal dimension deserves
special attention since it illustrates the
dynamic behavior of a stream corridor.

The Stream Corridor Concept includes the
stream bed, the flood plain and the tran-
sitional zone in between [8]. These three
components form a dynamic entity within
the landscape. Within this space, water,
solid materials, energy and organisms are
linked in a tight, dynamic relationship. The
consideration of the stream corridor as a
whole allows us to see ecological deficits
and required mitigation measures in a wider
context.

Level Il
Systematic observation

Ecomorphology

Biology Algae
Macrophytes
Riparian vegeta-
tion
Macroinverte-
brates

Fish

Chemistry and
Ecotoxicology

Chemistry

Ecotoxicology

Major ecomorphological
impacts, longitudinal connec-
tivity

Examination of diatoms
Estimation of abundance

Simple mapping

Coarse species overview
Overview of fish species
Rough screening of water

quality

Random checks, 2-3 simple
analyses

Analysis of deficiencies,
catalog of remedial action
with indication of priority

Not examined

Mapping of all species
Detailed mapping, action plan

Detailed mapping

Detailed studies, examination
of populations

Detailed investigations of
water quality

Seasonal or more frequent
analysis of chemical impacts

Table 2: The nine modules of the Swiss Modular Concept for assessment levels | and II.

Restoration and Rehabilitation Concepts
are supposed to assist us in bringing de-
graded streams back to a condition that is
closer to their original state [9, 10]. The main
goals are improvements to the structure of
the ecosystem (e.g. habitats and species
diversity) and to its ecological functioning,
even though the original condition of the
stream cannot usually be restored. These
concepts are particularly useful once the
stream assessment is complete and mitiga-
tion measures need to be developed.

Structure of the

Swiss Modular Concept

The Swiss Modular Concept was developed
under the guidance of the project group
“Stream Assessment” in collaboration with
representatives from the SAEFL (Swiss
Agency for the Environment, Forests and
Landscape), FOWG (Swiss Federal Office
for Water and Geology), EAWAG and the
Canton of Zurich [11]. Each of the modules
contains a three-level structure (Table 1).
At the regional level (level |, regional scale
survey), the goal is a rapid, cost-effective
analysis. In more detailed evaluations of an
entire stream system or catchment (level I,
catchment scale survey), or of selected
stream sections with lengths between 0.1
and 1 km (level lll, extensive reach scale
survey), the cost per analyzed area is sig-
nificantly higher. For levels | and I, new
assessment methods are currently being
developed while existing ones are being
continuously expanded. This is not true for
level lll, where specific aspects of a stream
system need to be evaluated (e.g., micro-
habitats, structural composition, species
inventory, populations). It usually is more
efficient to rely on established methods.
Table 2 provides an overview of the nine
modules of the Swiss Modular Concept and
the specific methods used in analysis levels
I and Il. Each module examines a particular
aspect of a stream. The modules are in-
dependent units and can be used in any
combination. However, it is reasonable to
combine a biological module with a non-
biological module at the same time.

Temporal and Spatial
Dimensions of the Modules
Each module has specific advantages in
evaluating a stream, but at the same time
also has some temporal or spatial limita-
tions. This also holds for the biological

1 Members of the project group are: Paul Liechti, Ueli
Sieber (SAEFL), Ulrich von Blticher, Hans Peter Willi
(FOWG), Christian Goldi, Urs Kupper, Walo Meier, Pius
Niederhauser (Canton Zurich), Ueli Bundi, Andreas
Frutiger, Michael Hutte, Armin Peter (EAWAG)
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Fish are particularly well suited for the assessment
of stream quality. The extremely sensitive Blageon
(Leuciscus souffia) is found almost exclusively in
stream sections that are very close to their original,
natural state.

moduls (Table 3). Algae have very short
reproductive and life cycles and can be
sensitive to certain pollutants that may not
cause observable effects in higher organ-
isms. Algae, therefore, are good indicators
of short-term processes that are limited
to relatively small areas. Members of the
macroinvertebrates on the other hand, are
present in practically all streams, even if fish
populations have already been eliminated.
This group of organisms is, therefore, a
good indicator of long-term environmental
impacts on areas of several 100 m2. Since
environmental requirements of fish are well
understood, the ecological interpretation of
the condition of a fish population can yield a
very precise assessment of a stream. Fish,
thus, reflect environmental conditions of a
longer period spanning several years. Be-
cause of their high level of mobility, environ-
mental impacts to the catchment as a whole
may be assessed. Prevailing conditions
over time periods on the order of decades
are reflected in the composition of the ripar-
ian vegetation.

Example:

Module Ecomorphology Level |
The main purpose of the level | assessment
within the ecomorphology module is to
provide an area-wide representation of the
ecomorphological condition of a stream
system, together with a rough analysis of

Module Temporal scale
Algae Days — weeks
Macrophytes Years

Riparian vegetation Decades

Macroinvertebrates Month - 1 year

Fish Years

Class Condition

1 Natural/close to natural
] Minimally impacted

]] Heavily impacted

v Unnatural/artificial

EAWAG news 51

the main deficiencies [12]. Data is gathered
by inspection in the field, covering the
length of the stream and recording the fol-
lowing characteristics:

m variability of stream width (submersed
area at average water level),

m width of streambed and degree of ob-
struction by corrective structures,

m erosion control structures along the bot-
tom of the stream bank,

® width and condition of the area adjacent
to the stream bank.

Each of these characteristics receives a
separate score for each of the survey sec-
tions. The assigned score is proportional to
the deviation from the ideal, natural con-
dition. Distinct stream sections are then
classified according to their overall score.
A graphical representation of conditions
within the entire stream system can be pro-
duced by assigning different colors to differ-
ent classes of stream condition (Table 4).

Current Status of the Modules
The federation (SAEFL/FOWG/EAWAG) and
representatives of the cantons have taken
on the responsibility for planning and qual-
ity assurance. Over the next 2-3 years, the
development of the modules should be
complete. Procedures for level | of the eco-
morphology module were finalized in 1998
[12]. The level | procedures for the macro-
invertebrate and fish modules will be made
available to users in 2001. A concentrated
effort is underway to assure rapid delivery of
the remaining modules.

Stream Assessment as the
Basis for Sustainable Stream
Management

Switzerland ratified the agreement on bio-
diversity in Rio de Janeiro in 1992 and has
thereby made a commitment to restore
damaged ecosystems. There is significant
potential for revitalization along approxi-

Spatial scale
g

Several 100 m?
km?

Several 100 m?

km?2 (whole watershed)

Table 3: Temporal and
spatial scales of the
modules.

Color code

Blue

Green

Yellow Table 4: Classification of
Red stream condition and color

code for mapping.

mately 12,600 km of Switzerland’s streams,
which corresponds to roughly 20-25% of
the total length of all stream systems in
Switzerland (see article of H.P. Willi, p. 26);
stream sections running in culverts are not
included in these numbers.

Stream sections amenable to revitalization
will be easily identified using the evaluation
methods of the Swiss Modular Concept.
The success of revitalization efforts can be
assessed using a different set of modules.
Ongoing monitoring of the revitalization
results assures sustainable improvement of
stream quality.

Armin Peter, fisheries and
stream ecologist, project leader
of the department “Applied
aquatic ecology” (APEC).
Current research interests:
rehabilitation of streams, hydro-
electric utilization of streams,
population dynamics and migratory behavior of fish.
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How Can the Degree of
Pollutant Impact on a Stream
be Documented?

The Ecotoxicology Group at EAWAG has developed a novel two-
step approach to assess the toxicity of water samples. This
procedure would allow for processing of a large number of water
samples and evaluation of their ecotoxicological potential. For
such a procedure, it is important to consider that the water sam-
ples need to be tested with respect to all relevant toxic effects
and currently known mechanisms of toxicity. The approach will

be included into the Swiss modular concept and opens new pos-
sibilities in the ecotoxicological assessment of water.

The Swiss modular concept employs meth-
ods for the assessment of stream quality [1,
see article by A. Peter, p. 7]. The basic idea
is the integrated assessment of running
waters, bringing together hydrological/mor-
phological, biological and chemical/eco-
toxicological aspects. However, there still is
relatively little information on the ecotoxico-
logical evaluation of natural waters. A new
ecotoxicology module was therefore devel-
oped by an interdisciplinary working group
at EAWAG and in discussions with inter-
nationally recognized experts.

Substances Exhibiting
Ecotoxicological Effects

Of the roughly five million chemical com-
pounds known today, approximately 80,000
are commonly in use. Each year, some
500-1000 new compounds are added [2].
During production, use, and disposal, chem-
ical compounds are inevitably released into
the environment. They represent a signifi-
cant potential threat to stream and riverine
ecosystems. As fish studies have shown,
even relatively low pollutant concentrations
can cause damage (see article by P. Holm,
p. 23). One of the problems is that these low
concentrations cannot always be measured
by traditional analytical methods. In addi-
tion, there are chemicals which are only
harmful when they occur in combination
with certain other chemicals. We need,
therefore, new methods for assessing the
ecotoxicological effects of chemical com-
pounds or of mixtures of compounds which
go beyond classical chemical methodolo-
gies.

Classical Test Systems

Starting in the 1950s, the toxicity of chemi-
cal compounds has been tested by using
aquatic organisms. For about the last 20
years more complex environmental sam-
ples, such as wastewater and sewage
sludge, have also been examined with these
methods. The advantage of ecotoxicologi-
cal tests over traditional chemical analyses
lies in the fact that these tests address the
issues of bioavailability and interactions
among multiple compounds.

In classical tests, organisms such as bac-
teria, algae, Daphnia or fish are exposed to
water samples for a certain amount of time.
Toxicity is assessed by measuring mortality
rates or growth inhibition or by observing

typical behaviors. Normally these tests use
short exposure times, and responses can
only be observed at relatively high pollutant
concentrations. These conditions may be
appropriate for wastewater, but are rarely
found in streams. In addition, such tests only
assess direct toxicity, while the effects of
other types of toxic compounds, e.g., hor-
mone-active or carcinogenic compounds,
are not detected. Such tests have only
limited value for the ecotoxicological evalu-
ation of water samples from a stream. Long-
term tests, on the other hand, disclose toxic
effects of chemicals at very low levels. Un-
fortunately, they are labor-intensive, costly,
and are usually employed when some neg-
ative effects have already been observed.

Evaluation criteria for ecotoxicological tests

Relevance to
ecosystem
Sensitivity

Test level

Ecosystem
Model ecosystem
Population
Organism

Organ

Cell

Molecule

Speed

©
2 E
a c c
5 ie) o
=] k] ‘c
8 £ 92
2 51 - O£
o} L 7] =5
0] =] o =2
o < O w.e

T

Fig. 1: Evaluation criteria for ecotoxicological tests. Criteria are more or less well defined depending on the biologi-

cal level at which the test is conducted.

EAWAG news 51

10



11

Most classical tests have been standard-
ized on national or even international levels,
particularly by cooperation among the
countries of the Organization for Economic
Cooperation and Development (OECD) and
the International Organization of Standard-
ization (ISO). Standardization assures con-
sistent sensitivity of the test organisms and
reproducibility of tests between laborato-
ries.

Alternative Testing Systems

In addition to the classical test systems,
there are procedures for the evaluation of
ecotoxicological characteristics of streams
which approach the problem at a range of
levels (Fig. 1). While the toxic effect of a
chemical compound expresses itself in the
organism, and ultimately in the ecosystem
as a whole, the primary damage is done
on the molecular level. Initial effects may
include damage to proteins, DNA, or mem-
brane lipids. If the damage is not repaired
the effects carry on to higher levels and,
with a certain delay, will affect the cell, the
organs, and eventually the whole organism.
Ultimately, the damage may manifest itself
in populations, communities, or in the entire
ecosystem. Typical symptoms include sup-
pressed populations, increased frequency
of certain diseases, shifts in predator-prey
relationships, or changes in species com-
position. Unfortunately, for most of these
“alternative” test systems, no standardiza-
tion schemes have yet been developed.
Molecular and cellular methods: Since mol-
ecular and cellular effects manifest them-
selves very rapidly, the toxicity potential of
water samples can be assessed in a short
time span. Molecular and cellular test sys-
tems typically exhibit good reproducibility
and are often more sensitive than classical
tests. Costs are comparatively low, and the
tests can be performed rapidly and easily. In
the context of aquatic ecotoxicology, these
types of tests have so far only been used in
research and have been routinely used in
the assessment of toxicity to mammals.
These tests have the additional benefit that

EAWAG news 51

Nina Schweigert, EAWAG

Many single-celled organisms (ex. green algae) and cell lines are easy to cultivate.

Triggers for ecotoxicological assessments:

* Changes in ecosystems with unknown causes
¢ Spot checks, e.g., at locations of wastewater discharge

l

1. Screening for potential toxic effects

Photo-
synthesis
?
Y
Direct
toxicity
?
Yes Yes

Effects

in long-term

tests on

algae
?

Damage Hormonal Effects on
to repro- but non-estro- the immune
duction and gen effects system
embryos 2 ?
? ) ’
4 A y
8x No No
— " further
. . . tests
DNA Estrogenic Carcinogenic
damage effects effects
? ? ?
Yes Yes Yes Yes Yes Yes
2. Validation
Effects in Effects
long-term tests in long-term M ::Jt:ther
on inverte- tests on tests

brates fish
?

Yes

Identification of toxic chemicals

Fig. 2: A two-step approach to the ecotoxicology module for the assessment of streams.
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they not only measure direct toxicity, but
also expose other relevant mechanisms by
which a certain chemical may do harm.

A New Concept for Stream
Assessment

Based on the rationale discussed above,
we have developed the following concept
(Fig. 2): Water samples are examined in a
two-step approach. First, molecular and
cellular techniques are used to determine
potential toxic properties. In a second step,
positive responses are validated; i.e., it is
verified that observed toxic effects also
manifest themselves on the level of the
whole organism. Assessments may be trig-
gered by indications of wastewater dis-
charge or signs of biological disturbance.
In addition, spot checks can be made to
identify locations that are exposed to a
higher risk.

Step1: The toxicity potential of a water
sample is assessed with cell cultures and
single-celled organisms. In addition to direct
toxicity, the test is also expected to uncover
more subtle toxic effects. For this reason
the assessment does not rely on a single
test; instead, the water sample is subjected
to a battery of cellular test systems. On
the molecular level, recombinant cell lines
of invertebrates or fish are examined for
carcinogenic effects, hormone-like activity
or damage to the immune system. Single-
celled algae serve as representatives of
plants and are evaluated for effects on the
photosynthetic apparatus. Direct toxicity is
assessed using bacteria. In the first step, no
organisms higher than Daphnia or fish are
used. If all tests in step 1 are negative, the
water samples can be considered harmless,
and no further tests are performed.

— e

With time, the test battery will have to adapt
to perceived needs and technical capabili-
ties. Individual tests may be replaced by
newer or more sensitive tests, or the num-
ber of tests may be expanded in order to
include toxicity mechanisms which were
previously unknown.

Step 2: Only the group of organisms which
exhibits toxic effects in step 1 is subjected
to further tests in step 2, thereby eliminating
unnecessary testing on animals. Test organ-
isms for a particular group should be select-
ed such that they are typical representatives
of the stream or lake from which the water
sample was obtained. It should, however,
be a species which is relatively sensitive
and can be maintained in the laboratory.
These organisms are then used in long-term
tests which focus on the effects observed in
step 1. A negative result at this point indi-
cates that there is the potential for toxic
effects at the cellular level, but the effect is
not strong enough to manifest itself at the
level of the organism. Again, the water sam-
ples can be considered harmless; however,
if the toxic effects are confirmed, the spe-
cific chemical compounds responsible for
the damage need to be identified in order to
devise appropriate mitigation measures. If
the observed toxic effects are the result of
an interaction between two or more com-
pounds, identification can become difficult
or even impossible. In such cases, one
must resort to a more pragmatic solution by
reducing contaminant levels across the
board.

Conclusions

The new concept presented is a promising
approach to the ecotoxicological evaluation
of streams. A large number of water sam-

Nina Schweigert, EAWAG

Estrogenic effect of wastewaters from
different sources on recombinant yeast cells.
Dark test tubes: estrogenic impact;

Light test tubes: no estrogenic impact.

ples can be examined for the complete
range of relevant toxic effects. In addition,
the number of tests on animals is reduced
dramatically. Long-term tests need to be
conducted only for water samples which
indicate toxic effects in the first set of tests.
The challenge now lies in developing this
approach to the point where it can be
applied on a routine basis. The next steps
include finding answers to questions that
remain open and testing the approach in
case studies.

Nina Schweigert, biologist,
participated in the development
of this new concept for eco-
toxicological assessments

of streams as part of her post-
doctoral research. Since April
2001, Nina Schweigert is back

- at EAWAG in order to develop
the concept into an application.
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The Application of Models
in Stream Protection

How Models and Professional Expertise Can

Contribute to the Solution of Environmental Problems

In integrated stream management, models play a central role.
Models help us to understand natural systems and to predict how
they will react to technical manipulations or changing environ-
mental conditions. In recent years, traditional detailed water quality
models have been joined by simplified Bayesian networks, which
are used to assess the effects of environmental regulations.
Optimization models evaluate the cost/benefit ratio of environ-
mental measures and allow us to use our financial resources

more efficiently.

How much does the removal of water for
hydroelectric power production affect the
temperature of a mountain stream? Does a
reduction of wastewater discharge make
a stream healthier for fish and recreational
use? How can minimally industrialized
countries optimize the protection of their
streams in spite of limited financial re-
sources?

Use of Models

In order to answer questions like the ones
posed above, we need to be able to predict
the behavior of a given environmental sys-
tem as a function of external factors. This,
in turn, requires an understanding of the
basic processes controlling the behavior of
the system; in other words, a model of the
system. Depending on the specific appli-
cation, we may be able to use a highly sim-
plified model; alternatively, we may need
to construct a detailed representation of
the system. Models are used in three main
areas [1]:

m systems analysis (e.g., increase of knowl-
edge in scientific research),

m predicting the behavior of a system under
changing external conditions (e.g., scenario
comparisons in the “real world”),

® communication tools (e.g., in teaching).
When models are used in the context of
assessing remedial actions in stream man-
agement, we are mainly interested in the
predictive capabilities of models. We will,
therefore, limit ourselves in the remainder of
this article to the prognosis applications of
models. One can distinguish between sim-
ple models, which merely predict the effect
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of certain actions, and more complex opti-
mization models, which allow us to find
optimal solutions by evaluating the costs
and benefits of a range of possible actions.
What is “optimal” depends on what value is
assigned to a particular cost or benefit; that
is, it needs to be determined and entered by
the user.

Models for the Prediction

of System Behavior

Predictions of the behavior of a system are
the basis for decisions on corrective action.
The various action plans under discussion
are translated into model scenarios and
then compared with one another based on
the predicted effects. An evaluation of the
calculated outcomes and the correspond-
ing costs leads to the selection of a particu-
lar action plan.

In stream management, we would like to
know the effect of a particular action taken
on the following parameters: water yield,
quality and temperature, algae, microfauna,
fish, morphology of the stream bed, prop-
erties of the stream bottom, appearance
of the landscape (e.g., floodplains), health
aspects for recreational use, and others.
Depending on the parameter targeted, dif-
ferent types of models may need to be
used. Accurately known parameters, such
as water quality or temperature, can often
be described with classic predictive mod-
els. For parameters whose predictions are
still rather uncertain, so called Bayesian
networks may be more appropriate [2]. In
these cases, the primary data that has been
gathered, the model calculations, additional

information from the literature, and expert
input are all combined into one structure.
Application of a Classic Predictive Model:
The project “Green Electricity” (see article
by C. Bratrich, p. 20) is developing criteria
for the certification of environmentally-
friendly electricity production. One of the
aspects studied is the effect of water with-
drawal on the temperature of mountain
streams. A case study on this issue was
conducted in Val Blenio (Tl) on the River
Brenno and its tributaries.

In streams, the water temperature is a key
parameter for organisms as well as for
various chemical and physical processes.
Diversion of water for electricity production
has a significant impact on water tempera-
ture below the diversion point. Low residual
flows translate into low water levels and
high residence times, which causes the
water temperature to be much higher than
it would be under natural flow conditions,
especially during the summer months. How
can the temperature increase be quantified?
This is an important question, since in-
creased residual flows reduce energy pro-
duction and are costly for the operator of
a hydroelectric plant. Continuous measure-
ments of the water temperature under all
flow regimes and meteorological conditions
are normally not practical. It is simpler and
cheaper to use energy balance models that
are able to predict water temperature as a
function of flow and meteorological con-
ditions. Since all relevant energy flows are
relatively well known, the models can be
very detailed. Typical parameters included
in the models are solar radiation, heat radi-



ation of clouds and the water, heat pro-
duced by friction, and heat exchange with
sediments [3].

Such an energy balance model was cali-
brated by recording detailed data on mete-
orological conditions, run-off volume and
stream temperature for the Brenno. The wa-
ter temperature was modeled as a function
of the flow regime on a 20-kilometer stretch
between Olivone and Biasca, which is likely
to show the largest effect of changes in run-
off volume. Results: at midday on a hot
summer day, the withdrawal of typical water
volumes would cause the Brenno to be as
much as 4°C warmer than it would be
naturally (Fig. 1), while a reduction in water
withdrawal by 10% would reduce the tem-
perature increase to only 3 °C.

Application of a Bayesian Network: A
Bayesian network was used to describe the
effects of water quality on fish and human
health in the estuary of the Neuse, North
Carolina, USA [4]. The starting point for the
modeling was a series of interviews with
representatives of the affected interest
groups, asking them to define the charac-
teristics of the river most important to them.
These characteristics, together with pro-
posed remedies, were combined to create a
qualitative Bayesian network (Fig. 2). The
model was then used to quantify the prob-
ability of certain events (e.g., algal blooms,
fish kills) as a function of improved water
quality (e.g., reduced nitrogen or phos-
phorus input). However, final results for this
last step are not yet available for this study.
Figure 3 uses preliminary calculations to
show the type of results that can be ex-
pected. In addition to calculating probable
effects of remedial action, Bayesian net-
works are also well suited to reveal the
mechanism within a system.

Models for the Optimization

of Remedial Action

The use of predictive models to calculate
the effects caused by certain remedial
action scenarios is often a key step in the
decision-making process. Before we can

Temperature (°C)

10
21.7.98
0:00 12:00 0:00

21.7.98

—— Measured water temperature at Biasca

— (i) Calculated water temperature at
Biasca, residual flow

=== (i) Calculated water temperature at
Biasca, natural state

----- (iii) Calculated water temperature at
Biasca, 10% less water withdrawn

—— Measured initial water temperature at
Olivone

22.7.98

Fig. 1: Measured and calculated water temperature of the Brenno in Val Blenio on a summer day, considering three

different scenarios (uncertainties are not indicated).

The three scenarios are (i) actual water withdrawal for hydroelectric power generation (corresponds to measured
values), (ii) hypothetical natural state without hydroelectric power plants, and (iii) hypothetical situation with in-
creased residual flow (current amount of water withdrawn reduced by 10%).

Nitrogen input

Growth

Phosphorus input

Occurrence

of algae

Frequency of
algal blooms

Oxygen
consumption

Mixing Wind

frequency

Oxygen

Visibility depth

conditions

of Pfisteria

Health of
swimmers

,  Frequency

depletion

Occurrence

of fish kills

of shellfish

> Fish health

Fig. 2: Bayesian network for assessing the effect of water quality (pollution by nitrogen and phosphorus input) on
fish and human health in the estuary of the Neuse River, North Carolina, USA [4].
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Fig. 3: Preliminary results regarding the effect of a 30% reduction of the nitrogen input on the frequency of algal
blooms (left) and the probability of fish kills (right). Results were calculated using the Bayesian network shown in

figure 2 [4].

base the actual decision on a model calcu-
lation, however, we need to formally define
the target condition, to assign values to the
various effects, and to develop a cost model
for the various action scenarios. This is why
optimization models usually combine a pre-
dictive, an assessment and a cost model

into one unit. Such a combined model al-
lows us to minimize costs and use financial
resources in the most efficient way. Another
benefit of such models is that the values
assigned to certain effects are explicitly
stated, which enhances the transparency of
the decision-making process. Full optimiza-
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Fig. 5: Calculated water quality index (see text) for
current status and for five remedial action scenarios.
Associated uncertainties are also indicated. The five
scenarios represent different combinations of two dif-
ferent options, namely improved efficiency of waste-
water treatment plants (TE = treatment efficiency) and
the construction of a new reservoir accompanied by
optimized operation of existing reservoirs [5].

tion calculations are mainly performed on
“River Basin Management Projects” involv-
ing whole river systems.

The Optimization Model

in Action

An optimization model was used to evaluate
remedial action for the Piracicaba River near
Sao Paulo, Brazil, which is heavily impacted
by wastewater [5]. Water from the river is
used by several cities and in agriculture
(Fig. 4). Various options for improvements
are under discussion:

m wastewater treatment plants with varying
levels of cleaning efficiency,

® run-off regulation by additional reservoirs,
® the combination of both options.

Water quality was evaluated by calculating
dissolved oxygen, biologically degradable
material, total nitrogen, total phosphorus,
and total coliforms. Each of the five para-
meters received a score depending on the
concentration value; the average of all five
scores yielded the water quality index. The
uncertainty of the overall assessment was
calculated based on the uncertainty of the
individual parameters. Figure 5 shows the
water quality index for the river’s current
status along with five different scenarios.
The scenario favored by this study involves
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improvements in wastewater treatment
throughout the watershed, as well as the
construction of a new reservoir, which would
guarantee higher flow volumes in the Piraci-
caba, particularly during the critical summer
months. This would significantly improve
water quality throughout the watershed and
ensure the future of the Sao Paulo water

supply.

Potential Future Developments
The example described above demon-
strates how a model calculation that em-
ploys a simple scoring system can produce
an integrated assessment. Over the last few
years, additional aspects have been built
into these kinds of models [6]:

® multi-criteria analysis for different para-
meters (instead of simple averaging of
indices as described above),

m expanded consideration of uncertainties
in the formulation of models (not just in
model parameters) and expression of un-
certainty as a function of time in long-range
predictions,

m determination of the probability for ex-
ceeding parameter limits or the maximum
number of incidents when limits are ex-
ceeded,

m incorporation of more complicated man-
agement scenarios, e.g., the dependence
of emissions on stream flow conditions.
The use of these models in integrated
stream management will be greatly en-
hanced by these improvements.

Conclusions

Models are indispensable tools in assess-
ing the effect of management methods on
stream quality. For classic water quality
parameters, we have detailed predictive
models. Complicated systems are better
described by Bayesian networks, which are
capable of incorporating expert judgment
into a quantifiable structure. In both cases,
it is important that uncertainties associated
with the model predictions are calculated
and taken into account in the decision-mak-
ing process. Optimization models go be-

yond merely predicting effects by assigning
a quantifiable value to these effects and by
estimating associated costs. These models
contribute significantly to the efficient use
of financial resources. As an added bene-
fit, the explicit formulation and valuation of
the benefits makes the decision-making
process more transparent. The full power of
such optimization models is most apparent
when they are applied to entire stream sys-
tems.
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From Stream Reach
to Catchment

The Ecological Relevance of Spatial and
Temporal Heterogeneity

The understanding of natural processes in rivers is based on the
conceptual foundations that have been developed in the second
half of the 20t century. Natural streams are ecosystems charac-
terized by high spatio-temporal heterogeneity, which is of crucial
importance for the diversity of species and processes. Stream
systems are hierarchically organized and as important landscape
elements tightly linked to the adjacent terrestrial ecosystems.

A successful integrated stream assessment requires consideration
of the multifaceted nature of stream ecosystems at different

scales.

There are presumably few ecosystems that
have been more affected by human activ-
ities than streams [1]. In Europe, North
America, and in many other parts of the
world, streams were dramatically altered
before stream ecology was established as a
science that provides understanding of nat-
ural processes in rivers [2]. It has been rec-
ognized that high spatio-temporal hetero-
geneity and tight linkage with the terrestrial
environment are the essential characteris-
tics of natural streams. Such knowledge
must be considered to bring the substan-
tially altered streams closer to their natural
state and to implement integrated stream
management practices in general.

The Four Dimensions

of Streams [3]

The longitudinal dimension is an obvious
stream characteristic. A natural stream can
be understood as a continuum, where all
stream sections are longitudinally linked
and abiotic parameters such as tempera-
ture, light, slope, flow volume, stream pow-
er and size of stream bed sediments change
from headwaters to the sea. This results in
a longitudinal gradient of habitat condi-
tions and resource availability and is finally
reflected by changes in the structure of
aquatic communities along the river contin-
uum [4].

The downstream transport of solid and dis-
solved matter stands for the longitudinal,
mainly unidirectional link. Organisms like
fish may also move upstream but many
stream dwellers such as insect larvae are

passively transported downstream. There
are, however, mechanisms compensating
for this continuous “flushing loss”; some
species migrate upstream against the cur-
rent while other compensate for drifting
by flying upstream before oviposition (com-
pensation flight). Longitudinal and lateral
influences are superimposed. Compared
to lakes or forest ecosystems, streams re-
ceive far more particulate and dissolved
material from adjacent terrestrial ecosys-
tems. Streams are intimately linked to the
adjacent land; in forested catchments, the
energy balance is dominated by leaf litter
input. This material is partly processed and
transported downstream. Primary produc-
tion by algae plays a only minor role since
very little light penetrates through the tree
canopy and reaches the surface of the
stream bed. As the stream widens and more
light becomes available, primary production
becomes more important. In large rivers, the
direct input of leaf litter becomes negligible
in the overall energy balance.

The lateral dimension of streams becomes
evident in areas where a stream is not later-
ally constrained by topography (Fig. 1). Lat-
eral connectivity is pronounced in natural
river-floodplain systems being continuously
reshaped by floods and offering a rich di-
versity of habitats for terrestrial, amphibian
and aquatic organisms. The transition zone
between terrestrial and aquatic habitats
is particularly important. Trees and shrubs
along the stream bank provide energy for
aquatic and terrestrial organisms. Large
woody debris from the riparian zone may

create high spatial heterogeneity, particu-
larly in small streams.

The vertical dimension of streams and rivers
is less obvious. The hyporheic zone is the
transition zone between surface water and
groundwater and provides habitats and
refugia for animals and microorganisms.
Microbial biofilms play an important role in
the nutrient and energy balance of streams.
Hyporheic organisms, for example, nitrify
or decompose organic material [5]. As in
floodplains, floods may reshape the hy-
porheic zone. In the absence of such
events, fine sediments fill small cavities and
void spaces and the hyporheic zone be-
comes isolated from the surface water.

The temporal dimension becomes manifest
through the permanent change of the loca-
tion of gravel bars, islands and channels
within a river corridor. Flow is the dominant
driver of temporal variation of rivers. Floods
entrain, transport and deposit sediment,
thereby destroying some habitats while
creating new ones. Floods are the most
common natural disturbances in streams.
Frequently occurring floods reduce species
diversity and favor species with short life
cycles and a high adaptation potential. If
floods are rare or lacking, poorly competing
species become extinct. Species diversity
is expected to be at a maximum if flood
frequency is intermediate [6]. Water diver-
sions for irrigation or hydropower produc-
tion affect the natural flow and disturbance
regime. In river sections with residual flow,
floods can be very rare or largely absent. In
channelized streams, water transmission is
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accelerated and the attenuation of flood
peaks reduced. This increases disturbance
frequency compared to the pre-channelized
situation.

The Ecological Significance

of Spatial and Temporal
Heterogeneity

A natural river corridor is stable over long
periods of time with respect to the general
pattern of landscape elements (Fig. 1). The
individual elements, however, are constantly
changing: stream channels are shifting back
and forth, gravel bars migrate, islands dis-
appear and new islands are formed. This
dynamic spatio-temporal heterogeneity is a
prerequisite for high species diversity, and
thus, has a high ecological value. Preser-
vation of high species diversity in river cor-
ridors requires a natural flow regime and
sufficient lateral space, which also includes
an intact riparian zone (see article of H.P.
Willi, p. 26). Stream or river assessment
should therefore also include (eco-)morpho-
logical and hydrological aspects (see article
of A. Peter, p. 7).

The Hierarchical Structure

of Streams

Describing streams as hierarchically orga-
nized systems provides a useful framework
for integrated stream assessment [7]. At
the top level is the stream system, which
includes all surface waters of a catchment,
and which is composed of individual stream
segments. Segments are portions of a
stream characterized by relatively uniform
geology and geomorphology. Stream seg-
ments, in turn, are made up of stream
reaches; reaches are geomorphic units
delimited by changes in slope, stream bank
vegetation, or width of the valley floor. Pool/
riffle systems are sub-units within stream
reaches; a pool is an area within the stream,
where flow velocity is low and water depth
relatively large. High flow velocities and
shallow water depths characterize riffles.
The lowest hierarchical level includes the
extremely diverse microhabitats as, for ex-
ample, small deposits of sand or fine gravel,
individual rocks, water plants, or dead
wood.

The systems evolve within the boundaries
set by the higher systems within the hier-
archy. Slope, sediment load and flow regime
determine the structure and the temporal
variability of a stream section [8]. The flow
regime, and to some extent the sediment
load, are determined by conditions on the
next higher level of the catchment. Process-
es that have significant effects at low hier-
archical levels have a minor impact at su-
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Fig. 1: Stream bed of the Tagliamento (Italy).

perior levels. The typical average lifetime of
the systems ranges from weeks to several
hundred thousands of years or even millions
of years. A microhabitat, such as a sand
deposit in a pool, is reshaped several times
per year. Pool/riffle sequences may survive
for months or years, flood plains are re-
newed every 10 to 100 years, and the life
span of the entire stream system is mea-
sured at geological time scales.

The hierarchical level, at which river man-
agement tries to mitigate former anthro-
pogenic impacts, determines how signifi-
cant the effects will be and how fast the
system will respond. The widening of the
stream bed in a short reach of a stream may
only have a local effect, while the removal
of a sill at the end of a catchment may
influence the fish population in the entire
catchment [9].

Landscape Perspective

Streams are important elements of the land-
scape and intimately linked with adjacent
ecosystems. The large-scale patterns of
vegetation and land use within a catchment
determine instream condition [10]. These
parameters can override the local riparian
influence. A study in Michigan demon-
strated that the stream condition in different
stream segments - as judged by the struc-
ture of fish populations — did not correlate
with stream bank vegetation within the
same stream segment. However, a signifi-
cant correlation with stream bank vege-
tation and land use patterns in upstream
sections could be shown [11]. These find-
ings exemplify the fact that the hierarchi-
cally higher system level can override local
effects and also demonstrate the limitations
of ecomorphological methods.
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Integrated Water Management
in River-..Bj_asiﬁn Districts

Last year, the European Union agreed on a Water Framework
Directive that outlines a general concept for stream protection

in Europe. This directive creates the basis for unified policies on
the integrated protection of streams and ground water. Each
member state is required to revise its water management system.

The “Directive establishing a framework for
Community action in the field of water
policy” went into effect in December 2000.
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Fig. 1: Watersheds within the Netherlands.
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water protection that are currently in force
in the member states of the European Union
(EU). The main objective of the Directive is
to establish a framework for the protection
of inland surface waters, transitional waters,
coastal waters and ground water. Specific
goals are to:

m prevent further deterioration of aquatic
ecosystems,

® promote sustainable water use,

m protect and enhance the status of aquatic
ecosystems,

m mitigate the effects of floods and
droughts.

According to the WFD, the member states
assign all streams to a particular river basin
district and determine the appropriate com-
petent authority. For each river basin district,
the competent authorities will then survey
the characteristics, investigate the environ-
mental impact of human activities, analyze
economic aspects of water use, and estab-
lish a register of protected areas. The result
of this effort will be a program of measures
and an integrated water management plan.
All remedial actions should be realized at
the latest in 2015.

The History of Water Manage-
ment in the Netherlands

The Netherlands is situated on the river
deltas of the Scheldt, Meuse, Rhine and
Ems (Fig. 1). Two-thirds of the land area is a
potential flood area, being threatened either
by the sea or by rivers.

Water management in the Netherlands has
a long-standing tradition going back to the
11th Century, when a few communities first
came together to manage their water sys-
tems. The first official water boards were
formed in the 13t Century. They were de-
mocratically organized interest groups con-
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sisting of elected representatives from the
local farming communities. They remained
independent of the national political system
for a long time; i.e., they operated outside
of the three-tiered (national, provincial, and
municipal) constitutional Dutch govern-
ment. Till the18th Century, approximately
3000 district water boards had been
formed. Each district had its own water
management plan and was responsible
for its own flood protection. A centralized,
national organization became necessary in
order to coordinate all the various individual
efforts and to be able to practice water
management on a larger scale. The state
water authority, “Rijkswaterstaat”, was
therefore instituted in 1798. The State Water
Authority (under the Ministry of Transport,
Public Works and Water Management) is
still responsible for integrated water man-
agement and flood protection along larger
streams and lakes, estuaries, and along the
North Sea.

Water Management

in the Netherlands Today

Today, some 56 relatively autonomous
water boards still exist in the Netherlands.
They are responsible for the regional man-
agement of water systems according to the
policies of their province. They regulate, for
example, management goals with respect
to water quantity and quality. Overall, the
current situation of water management in
the Netherlands is still very complex in-
volving at least three different ministries, 12
regions, approximately 600 towns and com-
munities, in addition to the 56 water boards.
This situation is not yet in accordance with
the requirements of the WFD. France, for

Rhine
Meuse
Scheldt /~
Ems

 Dam
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Fig. 2: Proposed boundaries for water management
districts in the Netherlands.
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example, has only six water management
districts, while its land area is 13 times
larger than the Netherlands. Figure 2 shows
a possible reorganization of the districts in
the Netherlands that would satisfy WFD
requirements.

“Integrated water management” has been
at the heart of water legislation and ordi-
nances in the Netherlands since 1989. It
considers quantitative, qualitative and eco-
logical aspects of water management. The
goal is to find a balance between maintain-
ing the ecology of a stream system while
also utilizing the stream for various other
purposes. Undoubtedly, the Netherlands
will benefit from its past experience in inte-
grated water management when imple-
menting the changes required by the WFD;
however, integrated water management as
such is not the basis for future water man-
agement according to the goals of the WFD.

Implementation of the WFD
Each of the EU member states is respon-
sible for the implementation of the WFD
within its boundaries. In order to facilitate
international coordination of the manage-
ment plans, the WFD allows for the sub-
division of watersheds into smaller “working
areas”. In the case of the River Rhine, for
example, certain sections could be desig-
nated as “sub-watersheds” according to
natural junctions, i.e., at the outflow of a
lake or the confluence of two major tribu-
taries. In the Netherlands, a river basin dis-
trict not only encompasses streams and
lakes, but also the intertidal zone; that is,
the zone between river and sea where the
salinity is clearly above that for fresh water
but below average for the sea.

The wording of the WFD is rather vague in a
number of instances, meaning that many
details of implementation have yet to be
worked out. A large number of working
groups, in close cooperation with the EU,
will have to deal with a multitude of topics:
how to pay for the preparation of drinking
water, how to deal with severely altered
water bodies, assessing the condition of
surface waters, and many more. The nation-
al governments are responsible for regular
progress reports to the EU. Based on the
positive experience within the International
Commission for the Protection of the Rhine
(ICPR), the Netherlands advocates a single,
comprehensive management plan for any
river system that crosses national bound-
aries. This will insure that ecological goals
and corresponding management measures
are coordinated and consistent for the
whole river system. Some parts of the man-

agement plan will of course have to be dealt
with on a national level.

The International Commission
for the Protection of the Rhine
(ICPR)

Contract partners of the ICPR are Switzer-
land, France, Luxembourg, Germany, the
Netherlands and the European Union. The
working area of the ICPR extends from the
point where the Rhine leaves Lake Con-
stance to the North Sea. During preparation
of the WFD, the EU often praised the work
of the ICPR as an example of international
cooperation and coordination of water man-
agement practices. Since the requirements
imposed by the WFD apply to the entire
watershed however, Italy, Austria, Liechten-
stein, and Belgium must become involved
as well.

The new organization for the international
coordination of water management along
the Rhine was worked out in frequent meet-
ings of the “water directors” of the individual
countries. Additionally, the EU has estab-
lished a preparatory committee, which re-
ports to the water management authorities
of the individual countries. Unfortunately,
the “water directors” have, at least until
now, not fully included the ICPR in the coor-
dination and preparation of the water man-
agement plan for the Rhine river system.

Coordinated Action

The WFD adopted by the EU demands the
rehabilitation and coordinated management
of streams, lakes, ground water, estuaries
and near-shore waters, but only provides
very rough guidelines as to how to meet
these demands. Fulfilling the requirements
of the WFD represents an enormous chal-
lenge for all of the member states and will
take many years of hard work and negotia-
tion. Some of the major tasks will be to
compile a list of definitions, to develop a
common set of tools, and to establish coor-
dination and management structures.

Prof. Dr. Jan Leentvaar is
Director for Water Quality and
International Cooperation in the
Ministry of Transport, Public
Works and Water Management.
He is also director of the
Institute for Inland Water Man-
agement and Waste Water

| Treatment (RIZA) in the Nether-
lands. Jan Leentvaar participated in a practicum at
EAWAG as part of his studies.



Water Protection
Using Market Tools

The EAWAG Project “Green Electricity”

The goal of the project “Green Electricity” was to define an
ecological label for the identification and promotion of hydro-
power produced in an environmentally friendly way. Power plants
receiving such a label would need to satisfy a set of basic
standards with respect to stream ecology and in addition, invest
part of their revenues towards the protection, improvement
and/or rehabilitation of the catchments they use.

Approximately 60% of Switzerland’s energy
production comes from hydroelectric power
plants. With a development degree of some
80%, practically all major and many smaller
streams in the country are utilized for hydro-
power production.

Hydroelectric Power

and Stream Protection -

A Contradiction?

On a global scale, hydroelectric power is
environmentally desirable since it is both re-
newable and emissions-free. Locally, how-
ever, hydroelectric power production often
results in massive negative impacts on
streams. In light of the liberalization of the
energy market, it is questionable whether or
not an ecolabel can make a positive contri-
bution to stream protection. But, assuming
that environmentally conscious customers
are willing to pay a higher price for elec-
tricity, which in turn improves streams, the
opening of the electricity market should

actually benefit both the environment and
businesses. Based on experiences in other
countries, however, this will require a credi-
ble and independent certification of the pro-
ducer; such a certification must guarantee
that both the global and local environmental
impacts are as small as possible.

Experiences with International
Electricity Labels

Since the appearance of the first “green”
electricity offerings on international markets
in the early 1990s, the number of compa-
nies offering this type of product, as well
as the number of such, have sky-rocketed.
There are over 300 “green” pricing sched-
ules worldwide, with additional product
combinations also available; however, only
seven independent “Green Electricity Cer-
tificates” are currently in existence [1]. All of
these certificates deal primarily with renew-
able energy sources — sun, wind and bio-
mass. Until recently, no generally accepted

Conditions for Green Electricity Certification

According to the procedure developed by EAWAG, hydroelectric power plants can be certified
as “Green Electricity Power Plants” if they demonstrate environmentally sensitive operation
and installation. Two conditions have to be met voluntarily by the power plant before the certifi-

cation process can be initiated:

1. The power plant meets the “Basic Green Electricity Requirements”, an ecological standard
that is measured against requirements for new operating permits in Switzerland. The standard
is based on independent scientific criteria and is the same for all hydroelectric power plants.

2. Beyond that, the power plant has to contribute a fixed percentage of its revenue from the
sale of green electricity for the rehabilitation, protection or amelioration of the catchments the
plant is utilizing. These so-called “green electricity contributions” guarantee that some of the
environmental improvements are made on the local level. It is intentional that this requirement
is separate from the basic requirements. The explicit link between the sanitation of the local
ecological system and the profit made from green electricity can be used to promote and com-
municate such improvements.

Certification will only be granted if both these conditions are met.

certification procedure for environmentally
friendly hydroelectricity plants was avail-
able. In addition, existing certification pro-
cedures consider local environmental im-
pacts only minimally or not at all. EAWAG
was determined to close this gap with the
project “Green Electricity”. In the past three
years, an interdisciplinary team has devel-
oped a procedure and specific criteria,
which consider both impacts on stream
ecology and economic aspects of hydro-
electric energy generation in terms of inte-
grated water management [2].

Ecological Credibility and
Practical Realization

According to experiences made so far, a
successful green electricity product must
fulfill two conditions:

1. The certification criteria must be credible
from a stream ecology point of view.

2. The criteria have to be effectively applic-
able.

In the context of hydroelectricity, this means
that the procedure has to consider global
environmental factors (e.g., low CO, emis-
sions) as well as the ecological function of
local stream systems (e.g., the connectivity
of the stream, a dynamic drainage regime,
the natural diversity of species). These eco-
logical considerations have to be balanced
with the managerial aspects of the power
plants. The practical realization of such a
procedure is only possible if the business
management aspects, the social frame-
work, and the legal, financial and political
situations are taken into account in the
overall management approach.

The Environment-Management-
Matrix

EAWAG has developed the so-called “Envi-
ronment-Management-Matrix” in order to
diffuse the conflict between protection
and utilization and to achieve credibility as
well as pragmatic realization of proposed
concepts (Fig. 1). The matrix is based on
the ecological requirements of integrated
stream protection and management, but
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also takes into consideration the realities of
renewing the operating permit for hydro-
electric power plants. The matrix provides a
scheme for the entire process and focuses
on five environmental criteria as well as five
management criteria (Fig. 1). The environ-
mental criteria were selected to insure the
ecological function of the stream; the man-
agement criteria are primarily related to the
operational and structural aspects of hydro-
electric power plants.

The procedure proposed by EAWAG [2]
defines basic requirements for each of the
25 fields of the matrix in order to satisfy
the designation of environmentally friendly
electricity production. Beyond that, the pro-
cedure provides criteria and methods for
meeting these requirements. It also con-
tains an extensive bibliography on quality
assurance, including comments from the
project team.

The Two-Step Management
Concept

The EAWAG concept proposes a two-step
approach to the certification procedure. In
the first step, the power plant must demon-
strate that it fulfills the basic requirements
of green electricity production, the strin-
gency of which are consistent with the stan-
dards for Swiss relicencing rules taking into
account the revised stream protection law.
The power plant must achieve this first step
on its own'. Once these basic requirements
have been met, the EAWAG procedure
provides for the second step; namely, the
implementation of specific remediation op-
tions in the affected catchment. Part of the
revenue from higher green electricity prices
will be funneled into so-called “eco-invest-
ments” (currently 0.01 CHF per kWh). These
funds must be used for local improvements
to the stream system. Which improvements
will be realized would be decided in nego-

1 Although “green electricity” certification meets the eco-
logical standards of new operating permits, requirement
of new operating permits is de facto not necessary.
However, since “green electricity” certification is a
voluntary market tool, it may not replace new operating
permits.
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tiations that include local interest groups.
This procedure should result in remedial
action plans that are ecologically meaning-
ful and widely accepted, without being
bogged down in conflict. Before the green
electricity label is actually awarded, an in-
dependent entity would have to conclude
that the procedure was followed correctly
and that the required improvements were
implemented.

Practical Application in

the Case of Minimum Flow
Requirements

The goal of green electricity criteria with
regard to minimum flow is to guarantee flow
regimes that are appropriate for the natural
character of the stream. To determine
“appropriate” minimum flow volumes, the
EAWAG procedure proposes to use criteria
that are customized to the stream system
and based on the habitat concept, such as

the ones that have already become an inter-
national standard [3]. These criteria may be
developed with the use of computer-based
models, describing water temperature or
habitat condition, as was demonstrated
in the case study of the green electricity
project conducted on the Brenno (Canton
Ticino, Fig. 2). These models can be either
developed from the ground up (see article
of W. Meier, p. 13) or adapted to a specific
stream [4, 5]. Using such approaches, it is
possible to simulate the habitat diversity
for a range of organisms, such as fish or
macroinvertebrates, within a specific stream
section under varying residual water con-
ditions. The model juxtaposes these results
to the annual electricity production of the
power plant and the basic requirements
established for “minimum flow” in the man-
agement area (Fig. 3). This will allow for
optimization of ecological considerations as
well as aspects of the business operation.

Fig. 2: The Luzzone storage reservoir in Canton Ticino. Location of the EAWAG case study “ Green Electricity”.
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Is Green Electricity Viable

in the Real World?

International experience shows that, in the
long run, only a credible procedure, i.e., one
that reflects the complexity of stream eco-
systems, can guarantee the sale of green
electricity. With the opening up of the
electricity market, the conditions for a shift
to green electricity production are very good
in Switzerland. By the end of 1999, electric-
ity producers, distributors, environmental
organizations and consumer groups had
formed an independent “Association for
Environmentally Produced Electricity” (VUE,
Verein fur umweltgerechte Elektrizitat). Its
leadership is composed of representatives
from all of the interest groups. In June 2000,
the association announced the Swiss green

i_lsr lhre Kaffeemaschine

fiir Wasserkraft bereit?
Premium -Okostrom
von ewz.

Premium Solar (100%
Solarstrom) und Premium
Water (100% Wasserkraft),
die neuen 6kologischen
Stromprodukte von ewz.
Ausgezeichnet mit

dem Umweltgiitesiegel
naturmade star.

www.ewz.ch
Partner der Swiss Citypower

swissCitypower

Fig. 4: Advertising campaign by the EWZ (Elektrizitats-
werk Zirich) for its first green electricity products
after completing the certification process using
EAWAG standards.

electricity label “naturemade star” to the
public. The certification process employed
the EAWAG procedure presented in this
article and so should satisfy the need for
credibility for a long time to come. To ensure
that the certification process is viable in
the real world, pilot certifications were also
initiated for six Swiss hydroelectric plants.
By the Fall of 2000, all six certifications had
been successfully completed; the first green
electricity certificates based on EAWAG
criteria have since been awarded. The city
of Zurich, for example, can now sell green
electricity produced at the Hongg power
plant (Fig. 4), which has been certified
according to the EAWAG standard. The
EAWAG procedure itself is continuously
being adapted and updated according to
experiences made during the certification
process.

Conclusions

From the very beginning, the research pro-
ject “Green Electricity” employed concepts
and methods that were geared to integrat-
ed water management. This is reflected
both in the multitude of evaluation methods
employed and the use of computer-based
models for the evaluation of various uti-
lization scenarios. In addition, all relevant
interest groups within the catchment under
consideration are explicitly involved in the
certification process. Under these condi-
tions, the market tool green electricity can
indeed create a positive and innovative
impulse in stream management. It is only
because of recent scientific and technical
advances that we are able to find ecologi-
cally and economically optimized solutions
in water management. Different options can
be compared in an objective manner, taking
into account protection as well as utilization
requirements. If the market tool green elec-

tricity can also be used to mobilize addi-
tional financial support, then sustainable
water management has an excellent chance
of becoming reality. Independent scientific
groundwork is as important in achieving this
goal as is the openness and willingness to
compromise within the political negotiation
process. We believe the project “Green
Electricity” has created a solid foundation
and delineated the path to realize sustain-

able, environmentally sensible water man-
agement.

Christine Bratrich is working
at EAWAG as a research scien-
tist since the middle of 1997.
She led the working group
“Assessment” in the project
“Green Electricity” and played
an important role in the devel-
opment and realization of the
certification process for hydroelectric power plants.

For additional information:
www.oekostrom.eawag.ch, www.naturemade.org
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Fish -

Indicators and Winners

Over the last 10 years, fish yields in Switzerland have dropped
dramatically. Investigations on the health of fish have often
revealed abnormalities. The project “Network Fish Decline in
Switzerland”, or “Fishnet” for short, is investigating the causes
of the decline and will develop proposals for remedial action

over the next few years.

Switzerland’s streams are intensively man-
aged. Stream management and stream use
is always preceded by an evaluation proc-
ess, optimizing the management practices.
Fish are important in two ways: as a tool for
evaluating the health of a stream and as an
economic factor.

Managing Streams

Some 6% of Switzerland’s population con-
sider themselves to be fishermen. In 1997,
approximately 240,000 people between the
ages of 15 and 74 picked up their fishing
rods at least once. On average, a fisherman
spends 3500 Francs per year on his or her
hobby. Of the total of 216 Million Francs
spent on fishing, 12 Million Francs find their
way into the coffers of the cantons from the
purchase of fishing permits [1]. Declining
fish populations and compromised health
of the fish, however, suggest revenue prob-
lems in the near future.

Evaluating Streams

Fish are extremely important indicators of
stream quality. This is reflected, in part, in
the Swiss Modular Concept (see article of
A. Peters, p. 7) in which one entire module is
dedicated to fish. Evaluation criteria include
population sizes, fish health, and species
diversity. Disturbances of habitat result in a
reduction of diversity. Today, 42 of the orig-
inal 54 domestic fish species are acutely
endangered in Switzerland.

Assessment of population sizes is a major
endeavor and requires extensive experi-
ence in fisheries. Population data are avail-
able only sporadically, although most can-
tons have information on the numbers of
fish that are caught. Information compiled
by the SAEFL shows a dramatic decline in
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these numbers, at least for trout, the most
heavily fished species. On average, the
decline in Switzerland is 42% over the past
10 years [2].

There are several very recent studies on fish
health which have reported significant de-
viations from the norm. What has made
headlines worldwide are reports that hor-
monally-active chemicals cause abnormal
sexual development in fish [3].

The project “Network Fish Decline in Switz-
erland”, brief “Fishnet”, was initiated in
December 1998 in response to these kinds
of problems. The project was conceived by
EAWAG and SAEFL, and currently receives
additional support from the Swiss Fisheries
Association, the cantons and the chemical
industry. It is scheduled to operate over a
period of 3-5 years. Early recognition of risk
factors for fish health, population declines
and related impacts on streams are some of
the main goals of the project.

What is the project Fishnet trying to accom-
plish?

Testing

-

solutions

Action

Fig. 1: Goals of the project Fishnet.

The project is targeting three levels (Fig. 1):
® Documentation: Changes in fisheries’
yields and populations as well as the devel-
opment of fish health in Swiss streams and
lakes over the last 30 years (comparison
between then and now).

® Analysis of causes: Definition of groups
of causes and identification of the most
important causes for the observed changes.
m Response: Development of options for
remedial action and communication tools
appropriate for the target audience.

A Comparison to the Debate
on Forest Decline

The project Fishnet faces a number of chal-
lenges. The general character of the prob-
lems is reminiscent of the ones encountered
during the debate on forest decline in the
1980s. The following three characteristics
are shared by both issues:

1. Both the public and the scientific com-
munity had high expectations for the re-
search on forest decline: the causes were
expected to be identified very quickly with
the formulation of practical solutions shortly
thereafter. Fishnet has induced similar ex-
pectations. In the case of forest decline, the
debate was often emotional and led to con-
troversies that still reverberate today. This
created divisions among scientists and be-
tween scientists and citizens. We know that
public relations are very important on this
type of topic, but one has to proceed with
great care; all affected groups should be in-
cluded in the process, and conflicts should
be acknowledged and communicated to all
participants as soon as possible.

2. Both problems are similar in that the sys-
tems are extremely complex and that there
is spatial and temporal separation of the



causes and effects. Clearly identifying caus-
es is, therefore, rather difficult. In the case of
forest decline, the discussion focused on
the effects of atmospheric pollution fairly
early on. Fishnet is intentionally trying to
remain open to the discussion of as many
potential causes as possible. When design-
ing such projects, one has to keep in mind
the following statement: “We find cause-
effect relationships where we invest money
in research; we find no such relationships
where we do not invest money” (P. Brang,
Swiss Federal Research Institute WSL,
expert discussion Fishnet, 12 April 2000).
Coordination of the research effort and
synthesis of the results into generally under-
standable conclusions are essential. Re-
search on forest decline has taught us that
the effect of pollution on trees can vary with

Nidau-
Buren Canal

Fig. 2: The course of the Old Aare, Canton Berne [4].

location. We assume that this also applies
to problems related to fisheries and fully ex-
pect that regional conditions are an impor-
tant factor in determining fish declines.

3. Because of the high level of complexity,
the prediction of trends is very difficult, both
for a scenario without any change in current
practices and for one with human inter-
vention and remedial action. It is extremely
difficult to convey this type of dilemma to
the public; caution or restraint are often mis-
interpreted. Measures taken to stop forest
decline turned out to be successful (e.g.,
the reduction of atmospheric pollutants by
requiring catalysts on motor vehicles), but
their scientific justification was considered
questionable.

How Will Fishnet Proceed?

Fishnet sees itself not only as a network
of activities, research and ideas, but also
as a network of people: those causing the
problems, those bearing the consequences,
and those who are involved in the research.
This network structure allows us to recog-
nize gaps in our knowledge more readily
and work towards our goals more methodi-
cally. Double-tracks can be avoided, while
synergisms can be recognized and fostered
early on. Standardized methods will be es-
sential in assuring comparability of results.
Relevant questions will be investigated in
sub-projects. The sub-projects will report to
the project leader who, in turn, will distribute
results from the overall project to the indi-
vidual sub-projects. This parallel attack on
several fronts will allow us to broaden and

deepen our approach without sacrificing
time.

In regular meetings of the sub-project lead-
ers, results will be discussed and method-
ologies updated. New or modified research
directions will be considered. It will be par-
ticularly important to maintain a complete
collection of documents from all of the sub-
projects so that anyone within the project
can efficiently access information long be-
fore it is published.

What Will Fishnet Do?

Twelve working hypotheses form the core
of the project. Hypothesis 1, an “integrative”
hypothesis, is based on the assumption
that there are multiple effects, any or all of
which can vary over time and with habitat,
fish species, and sex. The various factors or
effects may be additive, cancel each other
out, or even enhance one another. Hypothe-
ses 2-5 deal with effects caused by pollu-
tants: disruption of the reproductive cycle,
increased mortality of young fish, malfunc-
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tions in organs, or impacts on the immune
system after infestation with parasites or
diseases. Hypotheses 6-10 focus on vari-
ous other possible causes: inadequate
spatial variability within a habitat, impact
on reproduction by colmation (increased
concentration of suspended particles in the
pore volumes of the stream bed), decreased
food supplies, introduction of fish species
inappropriate for a particular habitat, in-
creased utilization by fishermen, and im-
balance between fishing pressure, natural
predation, and population growth. Hypothe-
ses 11 and 12 relate specifically to trout
streams where climatic changes can alter
the temperature and flow regimes. The
hypotheses lead to primary research ques-
tions which are then assigned to sub-
projects. Currently, 25 sub-projects are in
progress, and there is informal contact with
an additional 12 projects. Fishnet also
keeps in close contact with projects and
institutions abroad.

A Synthesis Project:

The Old Aare in Canton Berne
Repeated fish kills and the occurrence of
visible fish diseases has led to a massive
fish decline in the Old Aare in Canton Berne.
In response, the Council of the Canton
Berne has ordered an extensive scientific
investigation (Fig. 2), concentrating on fish
health and population sizes, water chem-
istry, water pollution problems, as well as
hydrological and hydrobiological factors.
Causes: Three historical events have played
a key role in shaping today’s appearance of
the Old Aare and have led to the problems
we observe today. The first “Correction of
Jura Streams” (1868-1891) diverted the
Aare into Bielersee via the Hagneck Canal.
The formerly natural stream bed of the Aare
between Aarberg and Meienried was trans-
formed into a straight, artificial canal, which
is since then called “Old Aare” (Fig. 2). The
hydroelectric power plant Aarberg has been
in operation since 1967. It regulates the flow
in the Old Aare at a fixed volume of 3.5 m3/s
(since 1973). In 1968, the wastewater treat-
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ment plant (ARA) Lyss began operations,
using the Old Aare as its receiving body.
Consequences: Consequences for the Old
Aare ecosystem are all closely linked to one
another (Fig. 3). Due to the constant flow
volume and its canal-like structure, the Old
Aare flows evenly and relatively rapidly. This
results in a severe deficit of structure and
habitat diversity for the stream fauna. Rest-
ing zones and areas of standing water are
absent entirely, which has an impact on
breeding and young fish in particular. Flow
control structures and the power plant Aar-
berg obstruct fish migration. The presence
of the power plant also disrupts the natural
transport of gravel (bed load), while the
combination of a high concentration of sus-
pended particles and a constant flow rate
leads to severe colmation of the river bed.
Natural reproduction of species laying their
eggs in gravelly river bottoms is severely
impacted. The constant flow regime and
significant colmatation suppress dynamic
processes typical of natural flood plains
(e.g., periodic flooding). The forest in the
flood plain of the Old Aare has nationally
been designated as “important”, but is in
serious danger of drying out and losing its
species distribution and structure. Water
quality is deteriorated even further due to
the discharge of effluent from the ARA Lyss
into the already impacted Old Aare. Froth-
ing, increased turbidity, odors, oxygen de-
pletion and the growth of fungi originating
from the wastewater can often be observed.
Below the ARA Lyss, the Old Aare can be
considered moderately to heavily impacted.
The most problematic contaminants in the
effluent from the ARA Lyss are nitrogen
compounds, organic substances, and bac-
terial counts, which can be present in pre-
cariously high concentrations. Toxicity tests
indicate problems with cell- and genotox-
icity as well as endocrine activity. Addition-
ally, the Old Aare is impacted by seepage
from waste disposal sites and by diffuse
discharges from agriculture. A stress factor,
particularly important for trout, is the high
water temperature (>21 °C) observed during
the summer months. These unnaturally high
temperatures are caused by the numerous
dammed sections of the Old Aare (Woh-
lensee and dams at Niederried and near
Aarberg) and the discharge of cooling water
from the nuclear power plant at Mihleberg.
The occurrence of “black trout” (the cause
of the symptoms is as yet unknown) sug-
gests that the high temperatures may have
at least an “inducing potential” for this dis-
ease.

Remedial action: Of the 12 hypotheses that
have been formulated, five apply to the Old

Aare: a combination of a number of small
effects (in part due to input of suspended
particles and chemical pollution), habitat
deficiencies, including obstacles to migra-
tion, disturbance of reproductive cycles,
lack of offspring and increased water tem-
peratures. Several measures will be needed
to restore health in the fish populations
and to increase diversity and numbers to
desired levels (Fig. 3). Improvements in the
morphology of the river bed are already
planned as required by regulations on
the protection of flood plains. Structural
changes at the hydroelectric power plant
Aarberg, allowing fish migration and creat-
ing a dynamic flow regime, are in the plan-
ning stages, in part as a result of the pro-
ject “Green Electricity”. Water quality will be
improved by revisions to the ARA Lyss,
which are also currently in progress.
Outlook: The project Fishnet was designed
according to the requirements for integrated
stream management as described in the
article of U. Bundi and B. Truffer (p. 3). The
case of the Old Aare is an example of a
“synthesis project”. It demonstrates that it
is possible to develop a remedial action
plan based on input from a wide variety of
experts. The next steps, namely realization
and evaluation, will reveal the success of
the overall approach.

Patricia Holm, biologist and lec-
turer for ecology at the Universi-
ty of Berne, leader of the project
Fishnet. Her specialty is the use
of fish as bio-indicators.

Further information on the project Fishnet under
www.fischnetz.ch and in the publications “fischnetz-
info”.
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Synergism Between Flood
Protection and Stream Ecology

Space as the Key Parameter

The Federal Law on Hydraulic Engineering dictates that human life
and material assets be protected from damage by water. This
needs to be achieved while having a minimal impact on streams
and reserving sufficient space for them to fulfill their multitude

of ecological functions. These general principles are to be trans-
lated into a flood protection philosophy that is in balance with

the environment.

Even as recently as in the 1970s, hydraulic
engineering projects were dominated by
concerns for flood protection and drainage.
Increasing environmental awareness and
severe storms in 1987 and 1993, however,
led to a fundamental change in attitude;
sustainability! has been adopted as the
guiding principle. A new general framework
for flood protection was developed, and
laws were changed accordingly.

The core characteristic of this new ap-
proach to stream management is integrated
planning which considers ecological, politi-
cal, economic and social factors. The key
parameter in the planning process is the
amount of space the stream will be allowed
to occupy. Giving a stream sufficient space
has positive effects in a number of ways:
the natural habitat is preserved, the water
quality is improved, recreational space is
enhanced, and the risk of floods and dam-
age to protective structures is reduced.
Based on a broad-based problem analysis,
the following strategic goals for flood pro-
tection have been formulated:

® greas occupied by dwellings and indus-
trial or agricultural zones are to receive ade-
quate protection;

m preventive measures should minimize
damage in the case of flood events;

m streams are to be respected as important
elements of the landscape, linking different
parts of nature.

These goals will only be reached if federal
policies in all of the relevant areas are coor-
dinated, including flood protection, water
protection, fisheries, environmental and
landscape protection, hydroelectric power
generation, forestry and agriculture. Readi-
ness for cooperation and the ability to reach

consensus will, therefore, be crucial if we
want integrated planning and management
to become a reality.

Sustainable Flood Protection
Based on the requirements for sustainable
and integrated flood protection, the follow-
ing principles have been formulated:

Principle 1: Determine stream condition
and risks

Before we can evaluate the ecological con-
dition of a stream or decide on the need for
protection, detailed information is needed
about its hydrological conditions, the status
of current flood protection structures, its
ecological condition and the primary risks
or types of risks associated with it.

Principle 2: Preserve natural retention
capacity

Preservation or recreation of the natural
retention zones is just as desirable as the
preservation of the natural course of a
stream. Larger retention zones delay the
flow and dampen peak flows.

Principle 3: Differentiate the aims of
protection

Flood protection should differentiate be-
tween different values of the objects to be
protected (e.g., communities, structures,
agricultural areas). The higher the value of
the object, the higher the need for protec-
tion.

Principle 4: Minimize intervention

Flood protection should be achieved with a
minimum of intervention within the natural
space of a stream. The stream needs to be

given adequate space for fulfilling its many
ecological functions. In addition to the
stream itself, we need to consider the areas
adjacent to the stream and their uses.

Principle 5: Maintain streams and continue
to monitor problem areas

Appropriate maintenance of a stream is an
ongoing task. We need to insure that pro-
tective structures remain intact, that the
runoff capacity is maintained, and that no
ecological functions are impaired. Protec-
tive structures need to be periodically test-
ed for structural integrity and stability under
extreme runoff conditions. Potential weak
spots need to be identified and eliminated.

Principle 6: Guarantee the space required
by a stream

A stream should be more than a gully; a river
should not be degraded to a canal. It is the
obligation of the Cantons to determine the
space requirement for streams and to incor-
porate this information in all directives and
land use plans or other activities dealing
with the assignment of “space”. Based on
these principles, we have developed a flow
chart for developing stream protection
plans (Fig. 1). A sustainable flood protection
project will give ecological function and
flood protection equal weight. The starting
point of any catalog of potential measures is
always a survey of the current status; the
process should identify concrete, realistic
goals within each of the two areas. It can
then be decided where remedial action is
needed and how it should be prioritized. An
overall optimization should be performed
in a final review, weighing all the different
demands on the stream against each an-
other [1].

How Much Space does a
Stream Need?
An interdisciplinary group has studied this

question and developed two different meth-
1 Sustainable measures in flood protection are measures
that can be implemented with little effort, are socially

acceptable, have the desired long-term effects, limit
damage, and can easily be modified.
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ods for determining the minimum space a
stream has to be given [2]. Both methods
will be used in the planning and design of
new hydraulic engineering projects in
Switzerland. If the two approaches yield
different answers, the larger of the two cal-
culated space requirements will be used.

Any structures to be built have to be locat-
ed outside the area assigned to the stream.

Hydraulic Approach (Flood Protection)

Based on the hydrological conditions and
the specific protection goals [3], we have to
determine the minimum space that has to
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Fig. 1: Flow chart for remedial action planning.

Minimum space requirement

Recommended minimum space requirement

be secured for the stream in the long-term.
In settled areas, the key parameter normally
is the HQq, the flood stage that is statis-
tically reached once every hundred years.
The design value corresponding to such a
flood event allows us to calculate the hy-
draulically required minimum width of the
stream bed. This is a theoretical value, and
special local conditions need to be taken
into account where appropriate. Allowing a
slope of 1:2 for the stream bank and a buffer
zone of 3 meters along both sides of the
stream (guaranteeing access to the stream),
we can determine the minimum space re-
quired by a stream from a flood protection
perspective (Fig. 2).

Ecological Approach

The ecological approach is based on litera-
ture research and a number of case studies.
Streams were treated as functional entities,
including the stream as well as the stream
bank, buffer zones and recreational space.
We were able to define the so-called “key
line”, delineating the natural outline of the
stream bed, which serves as the reference
line for defining the minimum space to be
added on either side of the stream (Fig. 3,
black curve). For small streams, the mini-
mum width should be 5 meters on each
side. For larger streams (stream beds up to
15 meters wide), the requirement increases
to 15 meters. This simple procedure allows
us to produce a rough estimate of the
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Fig. 3: Required width of stream bank area as a
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Fig. 2: Minimal spatial requirement from the flood protection perspective.
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Fig. 4: Minimal spatial requirement according to ecological criteria.



minimum space requirement for a stream
(Fig. 4); however, results should always be
checked against the situation in the field,
and additional space be reserved for recre-
ational use.

In priority areas (e.g., nature preserves, wa-
ter protection zones, fish protection zones),
we must also safeguard the natural diversity
of the native fauna and flora. As shown in
Fig. 3, this produces a minimum space as
defined by a “biodiversity line”. Within areas
of national priority (e.g., alluvial zones),
nationally designated protected areas and
in areas of extensive use, the reserved zone
should be extended to 5-6 times the na-
tural width of the stream bed in order to
guarantee incorporation of the stream into
the adjacent landscape (meandering of the
stream, formation of side-channels).

Realization

With the obligation to determine the spatial
requirements of streams and incorporate
them in planning directives and stream uti-
lization plans laid out by law, the question of
how to realistically meet these requirements
is raised. The basic set of tools are those of
conventional urban planning (e.g., general
directives, utilization plans, frontage lines,
setbacks from streams, zoning, exchange/
purchase of properties). For over a hundred
years, streams have become more and
more restricted and their space reduced to
an absolute minimum. Now it has become
clear that in the long term, streams must
regain some of this space. A landmark deci-
sion of the Federal Court demonstrated as
early as 1998 that even in urban areas, land
must be set aside in order to allow environ-
mentally responsible flood control [4]. Con-
flicts over land use are the most serious and
the most difficult to resolve in urban areas,
but even in areas dominated by agricultural
uses, there is a significant potential for con-
flict.
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The flooding of the Reuss
in Canton Uri in 1987. The
motorway acted as a dam,
effectively closing off the
valley. The flood waters
backed up and caused sig-
nificant flooding.

Bringing in Agriculture

Naturally, farmers do not have any interest
in giving up land since this reduces both
their base of operations and their income.
Solutions have to be found that are bene-
ficial to agriculture, the environment, recre-
ational and flood protection. Since agricul-
tural policy holds a key role in this task, it is
important to include farmers in the solution
of the problems. One way of achieving this
would be to have farmers participate in the
maintenance of streams and to compensate
them for their efforts.

The Contribution of Science
Remediation projects will only be accepted
by the general public if they are based on
solid facts and answers from the scientific
community. The most pressing task is to
gain an overview of the condition of streams
and identify hazardous situations. Working
procedures to accomplish this step have
been published [5, 6]; EAWAG has been
involved in the development of these pro-
cedures. They allow us to set priorities and
to use available funding in the most useful
ways possible. In areas where we still have
open questions, we need to continue to
conduct basic research while building in
mechanisms for monitoring the success
of any remedial action taken. Specifically,
scientists need to:

m reveal interdependencies within systems,
m identify areas with potential for new devel-
opments,

m formulate goals in the area of ecology,

m devise mechanisms for monitoring suc-
cess and define corresponding indicators,
m develop strategies for problem solving
and conflict resolution.

The third river works of the Rhone between
Brig and Martigny is a tremendous opportu-
nity for developing these tools and strate-
gies in a real-life situation. The enormous
and highly ambitious project, which will ex-

tend over more than 20 years, offers a wide
spectrum of opportunities for scientific
study.

Visions of the FOWG

According to the Swiss Federal Office for
Water and Geology (FOWG), the Cantons
and the communities have to respect
the ecologically recommended minimum
stream bank widths in all future hydraulic
engineering projects. Such minimum widths
are to be determined beforehand using
established tools of urban planning. The
newly designed stream sections and the
vegetation along the streams will slow down
runoff (flood protection) and will at the same
time be esthetically pleasing (habitat for
plants and wildlife). The near-stream areas
will be maintained by farmers who will be
reimbursed by the federal government for
their efforts.

Conclusions

Streams are important components of our
environment, but are subjected to a variety
of demands. We can meet all of these dif-
ferent needs only if the “affected parties”
become “participants” and take part in the
search for solutions. Streams do not stop at
property or community boundaries, but
must be viewed as continuous systems.
Integrated and interconnected approaches
are absolutely essential. We need to exam-
ine the effect that local actions have on
the system as a whole. The new general
directive for flood protection encourages
hydraulic structures where ecological con-
siderations and flood protection aspects are
complementary to one another.

Hans Peter Willi,

Head of the section “Water risk”
in the Swiss Federal Office for
Water and Geology (FOWG) in
Biel.
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The Dialogue Continues

Scientists and nonscientist citizens meet
for the second “round table” discussion of

“Science et Cité”

In July 2000, the second in a series of “round table” discussions
was held in Kastanienbaum on Lake Lucerne. Twelve citizens and
12 scientists spent two days discussing the topic “Chemicals in

the Water”.

The goal of the foundation “Science et Cité”
is to promote dialogue between science
and society. One of its projects is the “round
table”, a platform for regular discussions
between scientists and the general public.
The pilot project, including citizens from
the Zurich area and representatives from
EAWAG, started in February 2000. The topic
for the second discussion in July 2000 was
“Nutrients and Pharmaceuticals in Streams
and Lakes”.

The Fascination with Lakes

The second “round table” was held at the
idyllic location of the EAWAG’s Research
Center for Limnology in Kastanienbaum on
Lake Lucerne. To give participants a first-
hand experience in practical aspects of
limnological research, the first day began
with a sampling trip on the lake. An EAWAG
research vessel took the participants out
to the sampling location, and the questions
soon started to roll. The tools of the trade
were of interest, such as the water sampling
devices, the temperature probe, the plank-
ton net, but also more fundamental ques-
tions on temperature stratification of lakes
and fish kills. Answers and explanations
were covered in more detail back in the lab-
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oratory, where the samples were examined
under magnifying glasses and under the
microscope. Participants were fascinated
by the variety of organisms, such as di-
atoms and small freshwater shrimp, be-
came engaged in deep discussions and
looked up information in the scientific litera-
ture.

Intensive Discussions

On the second day, the discussions con-
tinued, but were supplemented by scientific
presentations and gradually organized into
a more structured format. The main topics
were the pollution of lakes, streams and
ground water by phosphate and nitrogen,
on the one hand, and by pharmaceuticals
used in humans or animals on the other.
One of the points receiving special attention
was the behavior of society as a whole
towards the environment. The entire group
contemplated new ways to move towards
sustainable use of the environment and how
to change the general way of thinking. Par-
ticipants noted that environmental research
often cannot provide definitive answers.
This led to the conclusion that decisions on
possible remedial actions should not be
delegated to the scientific community and

that the ordinary citizen has to take on some
of the responsibility at present assumed
mainly by political entities. There was broad
consensus among the participants, how-
ever, that in order to fulfill this role, citizens
need to receive better information. Scien-
tific results are public information and freely
accessible as such, although the language
is often not understood by the nonscientist.
Sometimes, even scientists have difficulties
understanding terminology used in other
disciplines. Scientists are faced with impor-
tant challenges: how can scientific results
be “packaged” such that they can be com-
municated to the average citizen, and what
arguments and counter-arguments should
be presented to the public? The goal would
be to maintain scientific objectivity, while
allowing the public to make informed deci-
sions and share the responsibility for them.

Communication

Communication between science and the
public was identified as one of the central
problem areas during this second “round
table”. My own experience confirms the
importance of these issues and the difficul-
ties they often pose. | was confronted with
a number of questions during our sampling
event on Lake Lucerne and was met with
insistent follow-up questions on points that
remained unclear. Upon re-reading a scien-
tific report that was authored by a sociolo-
gist on our team, | realized however, that my
explications had not been understood by
the public as | had intended.

At the conclusion of the July meeting, it was
decided to dedicate the third meeting,
scheduled for January 2001, to the topic of
communication. In another of EAWAG’s pro-
jects, means of communication have been
explored previously and were practiced
under the guidance of a media expert. The
topic was the “NoMix Toilet”, a new type of
toilet separating urine and solid waste in
separate waste streams, which is being
studied in the group working on urban
drainage systems.

(Gabriella Meier Biirgisser, EAWAG Dubendorf)
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2000 Otto Jaag Prize

On November 18, Nina Schweigert, who
conducted her doctoral research at EAWAG,
was awarded the 2000 Otto Jaag Prize
for Water Protection for her dissertation
entitled “Modes of Action and Toxicity of
(Chloro-)Catechol/Copper Combinations”.
Her work examined the correlation between
the toxicity of a pollutant (assessed with the
use of bacteria) and its chemical properties.
In the environment, pollutants rarely occur
alone but are present as mixtures. In her
exemplary work, she investigated the inter-
action between a heavy metal (copper) and
organic contaminants (catechol and its
chlorinated forms).

In the presence of oxygen, catechol and
copper can form dangerous reactive oxy-
gen species, so-called ROS. These reac-
tions also occur inside bacteria where DNA,
membranes and proteins can be damaged
by the ROS that is produced. However, the

ETH Council Approves

EAWAG maintains a high level of compe-
tence in the natural and engineering sci-
ences and has considerable experience in
collaborating with experts from the practice
(government, NGOs, industry). EAWAG’s
group “Human Ecology” was already formed
in 1992 (see EAWAG news no. 50), and now
EAWAG is making a renewed effort to im-
prove its competence in the socio-eco-
nomic field. We aim at better understanding

toxicity of the catechol-copper mixture is
not due to the formation of ROS, because
bacteria readily detoxify the ROS before
detectable damage occurs. From the litera-
ture, it was known that the lipophilic char-
acter of catechols increases with the num-
ber of chlorines attached to the ring, and
that catechols bind copper in strong com-
plexes, which lose protons relatively easily.
Nina Schweigert was able to show that the
combination of these three properties is the
actual source of toxicity to bacteria. Due to
complex formation, the charge of the cop-
per ion is neutralized, and the complexes
accumulate in the membranes. The copper-
catechol complexes are able to migrate in
the membrane; they can therefore release
protons on one side and take them up on
the other side of the membrane, thereby
destroying the membrane potential. Finally,
Nina Schweigert developed a model that

accurately reproduces toxicity data ob-
served for the copper-catechol mixture.

'oblem

Tauser
Effekts

“Socio-Economics of Water”

which factors determine how water is
utilized and then influence decisions that
foster sustainable management of the
nonrenewable resource “water”. Important
themes include the ongoing development
of water policies with the incorporation of
various aspects of natural, engineering and
social sciences, citizen participation in the
decision-making process, and the way risks
and uncertainties are handled.

The Ecotoxicology Course “coetox”

In addition to their benefits, chemicals can
have undesirable side effects on humans
and the environment. Ecotoxicology is the
field that identifies and prevents these
effects. Since extensive regulations were
not in place until the 1980s (Ordinance on
Substances 1986), we still have relatively
little experience in the practical application
of ecotoxicology. Since 1994, scientists at
ETH Lausanne (EPFL) and EAWAG, in col-
laboration with other partners, have held a
series of courses in ecotoxicology. The main
goal of these courses is to disseminate
knowledge and promote dialogue between
stakeholders.

In 1999, it was decided to divide the course
into distinct modules, such that within a
three-year period, a survey of the entire field
of ecotoxicology and its practical applica-
tions can be given. Under the patronage of

SAEFL (Swiss Agency for the Environment,
Forests and Landscape), the course is co-
organized by representatives from Céma-
gref Lyon, the Universities of Constance,
Geneva and Zirich, and Syngenta.

In September 2000, 30 persons participated
in the fundamental course, offered in French
and German. Participants acquired an over-
view of some basic chemical and biological
principles and were introduced to some of
the methods and concepts currently used
in ecotoxicology. The module Evaluation of
Pollutants took place in May 2001 and be-
tween 2002 and 2003, the courses Impact
on Natural Systems and Risk Analysis will be
offered, each held in a three-day session.

Additional information:
http://www.eawag.ch/events/peak/coetox

coetox = “collaboration en écotoxicologie”

In October 2000, the ETH Council approved
the EAWAG project “Socio-Economy of
Water”, awarding it a 3 Million CHF budget.
This is one of six projects within the ETH
Council’s framework of projects on “Auton-
omy Dividend - Innovation and Cooperation
Projects”. They will be conducted during the
period 2000-2003 in collaboration with
cantonal universities.

ICPH

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Okotoxikologie-Kurs coetox

Module:
Grundlagen der Okotoxikologie

Evaluation von Schadstoffen
Beeintrachtigung von natiirlichen Systemen
Risiko-Abschitzung

Studienarbeit und Prasentationstagung

ab September 2000

Ein schwei frar o Geme
unter dem Patronat des BUWAL.
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