TR e LT

1 lCS EAWAG \
Al \\\\ A
0143 _____
2 Cheers? 17 soil, Water and Civilizations
Diana Harnung Bruce RB. James '. '

3 Why Streams Need Mure Space

Andreas Frutiger 27 water Protection:

New Problems Deménd New Soiutmns

B sustainability: Empty Phrase or Close ‘ An Interview with the Bi hernis n Davis
to Reality? : _ . ;

Jorg Blossch .' | - 23 inside EAWAG
" o THe EAWAG "A

Electronically

g —Women's Reality



Editorial

Cheers?

The EAWAG NeWs is the mformatmn Lol Why is it that questions relating to
bulletin of the ?AWAG ' w7 water are so fascinating to us?
Publisher EISRA .
Distribution and o) by:

EAWAG, 8604 Dibenda i
Phene +41- '[—823 55 11 lfax

Editors N
Diana Hamung {EAWAG},
Patricia J.5. Colberg.(USA
Copyright N
Reprinting in whole or in:part
as long as the EAWAG and the authurs arg
mformed The soarca must he :dentsf’ed a

.- 'Life without oxygen has been docu-
_mented for many organisms, but life

7 (as we know it} without water is not

- possible. From little children to adults,
'_'év'erybbdy fikes to play with water.

fs it the close relationship between life
and water that is the origin of our
fasc:nat;qn?,

1986"
?uhlicatlorl

'!n Swﬂzeriand we st:ll drmk water

t .
’;2‘:;:' Nadler; Kiisnacht, fmm the tap; 80% of which originates
Printed : froi _ gmund water, depending on the

on orxgmal recycled

Subscriptions |, "
New subscritiers v we[cume!
last page . :

158N 1440~5zss

'gion, some lake water may be mixed .
in: Unfcrtunately, traces of chemicals
ﬁ'orn households, industry and agri-
Aculture Still: Teach groundwater and
:spnngs We' know very little about -
poss;bla mtaractlcms between ali of
he chemscals m ‘the envirgnmant and
f?ect on %wmg organisms. Are
they: f harmfui effects even on
‘thefong term? -

Cover -
The groundwater lnhabltant shi
gus sp. which is g=16 mm fon

eyes or pigment; nona: £ the p
groundwater dwalleis do, Because-their env
renment does ot recéive any sunlight.:
Species which spend thear e
ground water have:a slowsrm bolis
1uwer rate of fepmduchon and strategnas oL

' he'té’dhniéai"'proée?',s of preparing
drrnkmg watar is becoming ever more
‘c mphcated and expenswe, aven here
H Swutzeriand Currently, 70% of our
-drmkmg wafer does not have to be

bances, however, mcreased donéentration’s‘
of organic matert frony infiltrating surface: : treated at a” or, at most, undergoes a

waters is just ond example of sucti a distur : orse—sttap prcrcess The remammg 30%,

bance. For more ¢ni groundwater research, seef--._
page 10, {Piota by Matthsas anke PO however, s;gmfscantly increases the .

student at EAWAGJ : - average c_ost of our drinking water

because this water must be treated by
multiple processes. It is indispensable,
both for financial and ecological
reasons, that all countries find new
and better ways to handie this pre-
cious commodity. Only a discerning
and well informed public wili be
capable of dealing with this task. This
is why this issue of EAWAG news
would like to direct your full attention
to the profound importance of water.

Did you realize that there are many
different life forms existing in ground
water? Please refer to the cover page
of this issuel Since there is exchange
between ground and surface water in
many places, microorganisms and
small animals can make a living if they
are very “frugal”. Other organisms,
such as insect larvae, will accasianally
dare to venture into the “under-
ground” and back to the surface.

Since missing pieces in our knowl-
edge of groundwater systems have
to be gained in aninterdisciplinary
effort, one contribution in this issue
discusses research areas which
EAWAG has made high priority topics
in the work on econamical use of
ground water. The multipie inter-
dependencies in the water cycle reflect
the complexity of a healthy environ-
ment.

Let's drink to using water sparingly!
Cheers!

Diana Hornung
Staff of the director, Editor
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Fig. 1
Natural streams require a lot of space.

Andreas Frutiger

Why Streams Need
More Space

While the water quality in Swiss streams is now within an acceptable
range of values, they are still often overused and morphologically in
poor condition. Fortunately, significant improvements have become
possible over the past several years due to new environmental
legisiation which promotes ecologically and economically balanced

protection of streams.

Starting Point: the Current
Status of our Streams

Swirzerland is rich in water. On aver-
age, Switzerland receives approxi-
mately 1.5 m of precipiration per year.
This amount of water represents an
enormous energy potential, which was
used only to a very small extent until
the end of the last century (e.g., in
flour and saw mills). Since then, over
430 large (i.e., >330 kW) and numer-
ous smaller hydroelectric plants have
been buile {1). Today, however, the
economically usable potential is largely
exhausted. As a consequence, there are

50 major streams remaining whose
runoff is not affected by hydroelectric
power genération. In the exureme case,
water flow has ceased alrogether, resuls- -
ing in a2 complete destruction of the
aquatic ecosystem.

For a long rime, the abundance of
warter was a serious threat to human
existence, and sociery worked hard
to protect iwself. A growing popula-
tion demanded increasingly more area
for sertlement and agriculrural use.
In order ro meet this demand and to
simultaneously reduce the threat ‘of
flooding, all of Switzerland’s major
streams were straighrened and forced
into narrow channels (Fig. 1). As a con-
sequence, almost all natural river beds
and wetlands have been lost over the
past 100 years. The irrecrievable loss of
natural beaury is painfully evident to
visitors of the few remaining un-
touched rivers in Greenland, Alaska or
New Zealand. The realization that our
rivers were sacrificed solely for absolut
flood control, which turned out to be
an illusionary goal, should stimulate
some critical thinking on the subject.

In order m-gaiﬁ land and to reduce the danger of flooding, practically all major streams in Switzerland have been
“Straightened and forced into narrow chamnels (left: Warme Sense near Plafféien; right: Thur near Itighofen).
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streams running
In culverts

Fig. 2 : :

For many decailes, more than 100 km of stream beds “disappeared” from the landscape annually
The area shown in the map represents a situation typical for the Swiss “Mittelland”, where 36% of
all streams are currensly running in culverts (underground sections = gray fines).

In the shadow of these dramatic
river bed corrections and, for the most
parz, out of public view, another tra-
gedy also took place: a large number
of small streams were lost. Their natu-
ral beds were transformed into seraighe
channels, even into culverts, since they
interfered with construction projects
or the use of modern farm machinery
(Fig. 2). For many decades, 100 km or
more of such streams died a “quiet”
death each year [2, 3].

Ever increasing demands for con-
sumption and convenience of growing
popularion resulted in increased warer
pollution. The first legislative action

to protect water quality was under- -

taken at the end of the 19th century
[4], although the first water protection
law was not enacted until 1 January
1957. Its success is impressive. Overall,
approximately 40 billion francs have
been spent nationwide on wastewater
creatment so far. Al major point
sources of 'poBurion" (industry, small
businesses and  households) are con-
nected to sewer systems and wastewater
treatment plants. Oxygen and phos-
phate concentrations in most streams
and lakes have rebounded into the
“sood to satsfactory” range. Not
solved, however, is the problem of
non-point sources, such as nitrogen
and pesticide runoff from cultivated
land and “atmospheric deposition of
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contaminants. As a consequence, for
example, nitrogen concentrations have
steadily increased in most streams and
lakes. Until now, nitrogen limits set by
law have rarely been exceeded, bur the
situation deserves more attention since
the trend towards increasing concen-
trations does not appear to be abaring,

This short overview should suffice to
demonstrate thar the ever increasing
population of Swirzerland and the

more intensive use of streams and rivers

it entails, has led to a wide variety of
detrimental effects. Despite the fact

-that all of these consequences are
interdependent, it is useful for the

purpose .of discussing possible solu-
tions to group the problems into three
general areas; namely, water flow con-
ditions, river bed morphology and
water quality. '

Water Flow Conditions:
Sustainable Flow Versus
Electricity?

The revised water prorecﬁon law (in
effect since 24 January-1991) allows

warter to be withdrawn from streams

only under the condition that an
adequare volume of water remains.
“Adequare” is defined as balance be-
rween the ecological goals of the law
(e.g., preservation of narural habitats,
preservation of streams, etc.} and re-

source use {e.g., production of electric
power, irrigation). This regulation is
relatively progressive and should be
applauded from an ecological poine
of view. Its shortcoming is, however,
thar it does not apply to permits which
were granted under the old law (before
November 1991). Since.use permits
are typically granted for a period of
80 years and allow unrestricted use of a
stream, dry mountain stream channels
will be a sad reality on our alpine land-
scape well into the next decade (Fig. 3).
Recovery of dry stream beds would be
possible in the near term, of course,
if power plant operators would volun-
earily refrain from using all of the warter
wo which they are entitled. Unfortu-
nately, the likelthood of this scenario is
unlikely since the national energy pro-
gram “Energy 20007 aims to increase
the production of renewable energy. It
is very imporzans, therefore, that any
future use permits secure adequate
minimal flow.

Stream Morphology:
Healthy Streams Need Space!

The “100-year floods” of the last few
years have taught us that engineering
alone is not enough to prevent flood-
ing. Rather, an ecologically and eco-
nomically balanced approach is called
for — one thart considers goals for pro-
rection as well as measures to be taken

"in construction and planning. This

philosophy is now generally accepred
and has been incorporated into envi-
ronmental legislation [e.g., 5, 6]. In
addition, our water protection laws
specifically protect streams from being
culverred and allow river bed “straight-
ening” only under clearly defined
conditions. The legislative basis is,
therefore, clearly established in an

effort to redirect flood protection and

stream maintenance and engineering
practices towards a more fundamen-
wally ecological approach. The area a
stream is allowed o occupy plays a key
role in flood protection. The narrower
a stream bed, the more elaborate and

‘costly the needed barriers become,

with all of their negative ecological



Why Streams Need More Space

consequences. If, however, the stream
is given some space which can be
flooded periodically” without causing
major damage, the danger of destruc-
tive floods is greatly reduced. Devel-
opments in this direcidon have been
facilitated by agricultural overproduc-
tion, which forces us to extensify a
cerrain portion of our agriculeural
land. If we succeed in establishing
some of these lands as buffer zones
and flood plains along sereams, we
can achieve very progressive and eco-
logically valuable solutions. In order
w make this possible, furure projects
in the vicinity of streams and rivers
must be approached in an interdisci-
plinary manner.

Water Quality:

has Wastewater Treatment
Reached Economically
Reasonable Limits?

Apart from a few remaining excep-
tions, today’s wastewater treatment
rechnologies have probably realized all
measures which can be implemented
in an effort commensurate with the
goal of maintaining water - qualicy.
Concepts for solution of the remaining
problems (especially nitrogen, heavy
merals, reduction of fish diversity)
should primarily target the source. It
must emphasized that a broadening
of stream corridors, which will have

beneficial impacts on flood protection-

Fig. 3

Regulations governing minimuim flows can only be applied to permir
renewals. Since many hydroelectric plants (especially larger planss) were
built after WW If and permits commonly are given for 80-year periods,
they will be allowed to operate withaut any constraints on minfmum

Sflow well into the next century.

The graph shows the declinie of the number (frons) and power produc-
tion (back} af plants operating inderold permits over the nexe GO years;
53 plants wish a total production of 415 MW have unlimited permits.
Only large power plants (over 300 EW); which will eventually be subject a0
to minimum flow requirements, are included in the graph (dasa taken

from [1]}.

as discussed above, often: also leads o
improved warer quality. It has been
demonstrated, for example, that suf-
ficiently wide riparian zones form
buffers which efficiently reduce the
input of nutrients and fine sediments
from adjacent agricultural lands [7].
In addition, self-cleaning of a stream
is enhanced by a structurally more
diverse stream bed which develops
naturally if a seream is not confined o
a predefined channel.

Future Need for Integrated
Water Protection Concepts
and Evaluation of Success in
Their Implementation

With current environmental laws in
place, it is now possible to find eco-
logically and economically acceprable
solutions to problems facing our

streamns and lakes; however, the existing -

possibilities often are only sporadically
realized. The real challenge for the
furure is for the cantons and munici-
palities in Switzerland to adopt the
“spiri” of our modern legislation and
put forward their own initiatives. This
requires that the various administrative
and political barriers be dismantled in
the quest for solutions. The success of
conservation initiatives must also be
adequately evaluated in order to correct
and/or optimize the concepts used as
the basis for che actions. To date, such
“measures of success” are the exception
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not the rule {8], which is, in large parr,
due to Swizzerland's lacking a sran-
dardized method for the ecological
evaluation of a stream. In an effore
ro eliminate this deficiency, EAWAG
is currently developing methods for
evaluating various characteristics of
streams {e.g., morphology, benthic

‘biology, fish colonization). In con-

structive dialogue between the “warter
protection community” and EAWAG,
these methods will hopefully be devel-
oped into useful techniques and ulei-
mately implemented to the benefit of
our streams.

[1} Schlussbericht der interdepartementalen Ar-
beiesgruppe. Restwasser (Vorsit: Nationalrat
Dr. E. Akeret}, Augustc 1982,

{2] BRE/BUWAL ' (1991} Landschaft unter
Druck. Zahlen und Zusammenhinge iber
Verinderungen in der Landschaft Schweiz
(Beobachrungsperiode 19721983} EDMZ,
Been. :

[3]. BRE/BUWAL. (1994): Landschaft unter
Druck. Fortschreibung. Zahlen und Zu-
sammenhinge iber Verinderungen in der
Landschafc  Schweiz. Beobachrungsperiode
1978-1989. EDMZ, Bern.

4] Bundesgeserz berreffend die Fischerei {vom
21. Dezember 1888).

[5] Bundesgeserz iiber dem Wasserbaw (vom
21. juni 1991}

[6] Verordnung iiber den Wasserbau (vom 2. No-
vember 1994)

[71 Bach, M., Fabis L. und Frede, H.-G. {1994):
Schutzfunktionen vor Uferstreifen fiir Gewils-
ser im Mitrelgebrigsranm. Wasserwirmschaft 84
(1994), 524~527.

8] Lehmann, R., Imhof, A, {1995): Stand der
Fliesspewiisserrenacurierung in der Schweiz.
Eine Umfrage bei den kantonalen Wasserbau-
dmezern. Ingenicurbiologie  (1995), 3-7.
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Jirg Bloesch

Sustainability: Empty
Phrase or Close to Reality?

Ever since the Conference on the Fnvironment in Rio de Janeira in
1992, the catchword “sustainability” is on everybody’s lips. But what
can science contribute to sustainability so far as water is concerned?
In order to address sustainability, EAWAG perhaps must leave its

“ivory tower” of science.

Introduction

During the winter semester of 1994—
95, EAWAG hosted a seminar series on
sustainability. Presentations discussed
- both regional and global aspects of

Jiirg Bloesch

are rooted in the day-to-day environ-
mental problems in Switzerland and
how they manifest themselves in the
application of the above mentioned
study to the real world.

jfe e an'd‘invoilved a wide range o f Definition of Sustainability

isciplines, including physics, chemis-
ery, biology, human ecology, municipal ~ Naturally, everybody’s definiion of -
wasterwarer engineering, cybernetics  sustainability is different. According
and arr. One talk was entitled “Warter  to traditional usage, sustainability had
Protection in the Watershed of Lake  the meaning of “continuous, intensive,
Lucerne” {1]. A brief description of  strong’ [3]. More recendly, it is gener-
the study can be found in the 1994  ally understood to mean “sustainable
EAWAG Annual Report [2]. Models  usage of resources”, where renewable
used to evaluate sustainability often are  resources are not consumed at a rate
very theoretical and, therefore, heavily  faster than the regeneration rate. In this
contested. This article will attempe to  sense, revitalization of nacural waters
demonstrate how these disagreements  can certainly be characrerized as sus-

The lower course of the RiverReuss 0id shureline between 1844 to 1851
Giésse&vi Baianka Creek scale 1:10°000 pita singe 1851

Schwendan

Foad to Seegorf - New canal since 1063, 7

River mouth 1634 to 1850 .1 e
. g!f‘

Lake of buceme

>

{ 1848
Canal braach of 184 Road 1o Altatf -

Atorf canal breach of 1839

-120

Shareline in April 1878

e Cpatour lines in lake bottor in 1878
e~ Caoritour fines in izke bottom in 1851

Nimbers indicate depth imeters) balow average sea level

Fig. 1 : . ,
Correction of the River Reuss. The lowest section of the course (canal finished in 1852, widened in 1868), after Albert Heim, from [1]. Canalization
and levies have destroyed much of the fish habitaz [5]. At that time, the Giessen was not yet canalized and was emptying directly into the Rewss (dosied line).
Because of gravel production, the shoreline of lake Urnen had recessed 1o such a degree that by 1988 the canal prosrided 400 m into the lake, Revitalization
of the delta has dramatically improved this siruation.

&




Sustainability: Empty Phrase or Close to Reality?

rainable: an aquatic ecosystem is func-
tioning in a sustainable way, when its
fauna and flora regenerate naturally.
This criterion of ecological functional-
ity is a serious challenge for the warter
protection law enacted on 24 January

1991 {Art.i: lir. ¢, d, &, h). In che fol-

lowing discussion, sustainability will

be limited to what is achievable and
currently being realized. '

Permanent Destruction of
Streams

Streams wichin the watershed of Lake
Lucerne have been heavily used and
altered exrensively since the beginning
of the last century [4, 5]. This is true
for the whole region of the Alps (6],
and especially for the densely serdled
and heavily agricultural areas of the
ceneral part of Swirzeriand (Mirtel-
land). The effects of these engineering
interventions on the microfauna and
fish in selected streams and rivers
were examined in a’ derailed study
performed by the EAWAG ([2]. Sum-
marizing from the 1994 repost on the
project, it was concluded thar the
stream ecosystems have been “perma-
nendy destroyed” by damming and
hydroelectric power production. Let
us examine two Iepresentative cases
from the study.

How are Things in Reality?

First Case Study:

Reuss Plains (Canton Uri)

The lower course and delta of the river
Reuss in Lake Urnen (southern lobe of
Lake Lucerne) were massively “cor-
rected” around 1830, as were ali com-
parable valley floors in Swiwzerland in
order to reduce malaria infesration,
protect against floods and create agri-
culturally valuable land by draining
the flood plain (17, 8]; Fig. 1). In most
recent times, the Reuss has become
rather infamous due 1o the flood of
1987 which caused tremendous dam-
age [9, 10]. Immediately, a new flood
protection plan was devised. Some new

levies have aiready been built, while

others are still in the planning stage.

After only a cursory examination of the
situation, it becomes painfully clear
that the intensive use of the corridor by
trains, roads, villages, agriculture and
power plants leaves virtually no room
for a significant revitalization of the
lower course of the Reuss. We cannot
turn back time; however, an atempt
has been made to revert the delwa 0 a
more natural state {11]. The company

‘using the delea for gravel producton

has already spent several million francs
on the project.

In addition to the “delra project” in
the Reuss drainage, there is a project
known as “revitalization of valley head-
waters”. It enrails ecological improve-
ments on smaller triburaries, the
Giessen canal among others. From the
point of view of water protection, the
situation can be characterized as being
both positive and promising (Table 1).
First, money is relatvely abundant:
2 million Swiss francs are available
from the power plant Amsteg, as com-
pensation for its detrimental impacrs
on fisheries in the Reuss which will
worsen in the near future because of
increased operation under flood condi-
tions, and 5 million francs are coming
from water engineering in compen-
sation for flood protection projects.
Secondly, the enormous impact of the
traffic corridors of N2 and NEAT cre-
ates enough political pressure to poise
the local population in favor of water
protection. Despite all of the positive

circumstances, the possibilities for re-

wviralization may, in reality, be severely

limited, as is dramacically demon-

“strated in the case of the Giessen canal.

The need for land is grear, and land
is not freely available for political
and legal reasons; therefore, neither ex-
tensive water-meadows nor a natural,
meandering stream bed can be created.
All that can be realized are alternating

-types of vegetation along the stream

banks and contiguous buffer zones.

Second Case Study:
Sarnen Aa (Canton Obwalden}

The situation for the lower course of
tche Sarnen Aa is considerably more
difficulr and has to be rared as rather
negative (Table 1). Until very recently,
revitalization efforts on this stream
were completely nonexistent. A very
modest experiment is currently under-
way above the nature preserve of Lake
Wichel near Bitzighofen {Sarnen). The
Sarnen Aa below Wichelsee is in a
rather lamentable state (Fig. 2); it is a
highly manipulared scretch of stream,
running in a right channel, and with-
out any remaining flow for extended
periods. A short distance before enter-
ing Lake Alpnach, the Aa receives
efffuent from the wastewater treatment
plant Alpnach, which is treating both
landfill leachate and municipal waste-
water and, therefore, is often operating
beyond its capacity {5]. Sediment
transport in the Grosse Schliere, which

Topic/Preblem Area Canten Uri

Revitalization of the Reuss,
Heuss delta, Giessen, ete.

Canton Obwalden

Revitalization Samen Az —
Staderried

Enyiron_menta burden high

hlgh partia Iy resoivad

mostly secured
.ml_mmai h_elp

: :pupzzlatmn mutwated :

ot %équested by the AfU
(aff ice af enwrunmental prutectmn)

mw to medmzn
: "ulatlun passsve to. oppused.
very sermus unresnlved

requested by the AfU

vad | siily sketchy ideas, slow start”
serious pmblem 5
§ 3fundameﬁtai assmrance

Table 1

- The differing pre-conditions for water protection in the Cantons of Uri and Obwalden.
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Lower course of the Sarnen Aa. The stream is canalized; the banks and river bortom are lined with
conerere. On the ane hand, the hydroelectric power plant Sarnen Aa has created Lake Wichel, which
now is a nasure preserve; on the other hand, it formed a stretch of stream which is frequently dry
because of “non-existens” minimum flow, The siream Grosse Schliere desermines rhe characteristics
of the Sarnen Aa up to the water resurn point (2). The Sarnen Aa is impacted by the wastewaser
treatment plant Alpnach (3), which has to weat seepage water from the landfill Cholwald
Schlierenriiti (4) is a wetland of national importance, bue weirs and barriers revatin sand and gravel.
In the Stiderried, gravel production is ssill ongoing. The porential for restoration is high.

{Drawings by Rudolf Kobles).

flows into the Sarnen Aa just upstream
of the wastewater treatment plant, is
obstructed almost completely by gravel
barriers at Schlierenriit; only fine sedi-
ments are deposited in the delia of the
Sarnen Aa, '

Efforts to protect the natural envi-
ronment at Stiderried and Schlieren-
riiti are hampered by severe conflicts of
interest so progress is very slow. The

8

implementation of the inidative o
protect bogs by the BUWAL (Federal
inventory of natural bogs) has not only
stimulated other environmental pro-
tecrion measures, but soured the mood
in cerrain circles of the population.
Many people in Obwalden are no
longer tolerating “foreign administra-
tors” dictating water protection regula-
tions. Because the area of Obwalden

Limits of our Knowledge

Even when experts agree ‘on paper” abour
how to revitalize a small stream running
through a meadow, for example, disagree-
ment arises when they actually go and evalu-
aze the siream in the field. A fisheries bip-
logist will want to improve fich habirar by
encouraging contiguous cover of stream
banks by domestic shrubs and trees appropri-
ate for the location, while a botanist wonld
like 10 maineain established stream banks
flanked by narural meadows which offer
babitars for rare species of dragon flies. Not
in every case will she dispure end in a
“Calomonic” solution (which, in this case,
wonld be a wooded stream bank with gaps).

has not yet experienced any significant
impacts on its environmental quality,
there is no pressure from the public as
there has been in Canton Uri, In this
case, implementation of the mieasures
recommended in the EAWAG study is
very difficult and can be achieved only
pragmatically and in small increments.
The permit for the power plant on the
Sarnen Aa expires in the year 2001
when the problem of minimum flows
can be addressed according to the new
water protection law of 1991. Return-
ing the Sarnen Aa and irs delra back to
a more natural state (including subsus-
face introduction of treated wastewarer
directly into Lake Alpnach) borders
utopiz and probably lies in the distant
furure.

The Role of EAWAG in
the Sustainable Management
of Streams

The Cantons of Uri and Obwalden
have, based on their differing simua-
tions, have very different expectations
of the EAWAG. Ui is primarily inter-
ested in obraining help with public
relations work relading to steam re-

vitalization, since the actual problems

are mostly under control. Obwalden
would like to ger technical assistance
in solving individual water protection
problems since problem solving tech-
niques in the Canton are still in their
infancy. For EAWAG, this means thac
there is no generally applicable formula

- by which research findings can be
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applied. Instead, the realizaton of
abstract concepts must occur with an
intuition for their limitations in the
“real world” (see insert).

“Conclusions

The longer we rely entirely on techni-
cal progress the more we get caught in
a vicious circle (Fig. 3): Quantitative
growth ultimately leads to an ever
increasing degree of obstruction of
strearns and consequently to ever more
serious impacts on ecosystems. Narure
often exhibits surprising flexibitity and
adaprabiliry to new circumstances, but
sometimes humanity has to intervene
on Narwure’s behalf in order to ulti-
mately secure the basis for its own
survival. The protection of streams that
are still in their natusal state is far more
importanc than the revitalization of
streams thar have been destroyed, since
the lateer is expensive and much of the
damage is irreparable. Extinct species
cannor be brought back, even by our
“highly developed” society and not for
any amount of money!

With this recognition we can formu-
late the following hyporheses:
o Since the strongest driving force of
human activity is the economy, to date
ecology has been largely “reactive”
since it does not offer an immediate
monetary reward. '
@ In che politico-economic arena, one
has 1o proceed pragmarically. It has to
become commonly accepred that who-
ever causes a problern is responmbie for
its solution.
o Purely technologxcai so[utxons are-
useful and necessary in reaching inter-
mediate goals. In the long term, how-
ever, vahues will have to be reassessed,
and society will have to abandon the
notion of continuous growth and in-
stead strive for sustainability. If we can-
not achieve that on our own, Nature
will surely reveal the boundaries.
e Nagure is stronger than humankind
~ notonly in the sense of Rousseau, but
also in 2 very brutal way (floods, earth-
quakes, etc.). Destruction is a form
of regeneration and is a necessary com-
ponent of Nature’s perperual cycle: for

« rapid flow in rivers
« higher ficods

» destruction of
abitals
plants /small
animals/ fish /atc,

= flncd protaction
constructions

an population growth

s increasing demands

' | » ¢learcutiing forests

. { *land daveiopment
i~ | » sealing of the ground

revitalization
conservation (deveiopment planning)

Fig 3

« adaplation
« sgfection

» preservatlon of species

» recolonization

Causes and effects of ssream canalization — a vicions circle.
Driving forces (thin line) ave population growsh and increasing demands which lead to a closed circle
(heavy line) of cause and effect; narure cannot complesely break out of this vicious circle on its own;

humankind must help with appropriate measires.

example, strearn bank erosion creates
a diverse habitar for fish and micro-
organisms, gravel banks foster the
growth of pioneer plants, and floods
are an important part in the life cycle
of wetlands.

& Readiness to compromise has to be
shown by all sides since we need to
resoive conflicts of interest {e.g., water

use versus water protection, disagree-
ments among experts, etc.). Solutions
“with Nature” are not only more
ecological, bur ultdmately even more
economical than solutions “against
Nature”. Experts from water engineer-
ing and the field of ecology have to
come together to find solutions which
are of mutual incerest.

[3] EAWAG (1994): Scudie Gewisserschuz im Einzugsgebier des Vierwaldstirersees. Schiussberichr.
Verfasser: |. Bloesch. Auftrag Nr. 4752, 15. Seprember 1994,

{2} Bloesch J. (1995): Gewasserschurz im Einrugsgebict des Vierwaldstirmersees, EAWAG Jahresberiche
1994, §.12-17.

[3} Pelmer K (1975): Das trefende Worr, Warrerbuch sinnverwandter Ausdriicke, Om Verlag Thun, 15
Auflage.

{41 Schm;d W, (1958): Wildbachverbauungen uad Flusskorrekruren im Einzugsgebier der Reuss. Wasser-
und Energiewirtschaft Nr. 8/9, 201-209.

(3] EAWAG (1594): Studic Gewisserschurz im Einzugsgebier des Vierwaldstinersees. Auswirkungen

technischer Eingriffe auf dic Inverrebraten- und Fischfauna der Fliessgewisser. Sachbearbeiter:

J. Bloesch. Aufirag Nz 4752, 15. Mai 1994, '

] CIPRA (1992); Dic letzten naruenahen Alpenfliisse. Hefr 17, 71 Seiren, 1992

{7] Vischer D. (1989} Dic Renaturierung von Flissen und Bichen. Wasser, Energie, Luft 81 (5)‘
109-110.

[B] Schnicrer N. (1991): Geschichte des Schuczwasserbaus in der Schweiz, Wasser, Energie, Luft 83 (1/2):
27-35. :

9] BWW/BUWAL (1991} Ursachenanalyse der Hochwasser 1987, Schlussberiche. Mitg, Bundcsamt
filr Wasserwirschaft Ne. 5/Micg. Landeshydrolegie Nr. 153, Bern, Mai 1921.

(10} Weber H., Huber H., Kaz W. Schieiss A. & Tschopp J.W. {1992): Reuss Hochwasser 1987.
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Aledorf, Oktober 1992
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Importance of Ground
Water at EAWAG -

with Fresh Steam into the Future

The public often does not realize the importance of ground water to
human existence and to the environment, for not only is groundwater
a vital part of the water cycle, it is also the raw material for over 807%
of drinking water, our most important food staple. The use.of ground
water in households will receive more and more attention since it is
increasingly put at risk, particularly by chemical contamination.

Goals of Sustainable Ground
Water Management

Ground water is, and will remain, the
primary source of drinking water. Most
people are unaware of the close inter-
dependency of drinking water and
ground warter. As opening a faucer to
get drinking water is a very common-
place activity, and with a consumprion
of 400 liters per person per day (for
households), frugal use of drinking

water should be of foremost interese

Contaminants
Compound-specific
parameters
(vaper pressure,
solubility, etc.}

Information on structure

and dynamics-of

to everyone. For experts in the fields of
natural and engineering sciences who
are dealing with ground water manage-
ment, however, it is absolutely essential
to have 2 good knowledge of ground
water flow, chemical and biological
properties of aquifers and transport
behavior of chemicals. EAWAG, which
has a long tradition of working in these
fields, wilt continue o contribute ex-
pertise and tools for the sustainable
management of our ground water

$ES0UICES,

groundwateraguifer
Natural and/or Model
anthropngenic input compounds
{sources, amounts,
etc.}
Field System Field data Mathematical Parameters and Laboratory
Mode! reattion rates System
‘. - P I 4
Speclation of e e e e - = TR o~ o — - T * Hydralysis
p'ecc atlon o & + Oxidation/Reduction
ontaminants and: . + Micronial Transformations
= Their poteniial transtarmation products « Volatlity
Determination of . + Adsorptior/Desorption
« - Spatial and temporal concentration changes + Coordination/Association
+ System paramsters + Bicavailability

Fig. [
Stmplified schematic illustrating how the enviranmental fuse of a contaminant in ground water can be predicted (after [4]).
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~ Ground water, as part of the hydro-
logic cycle, is an ecosystem which
seems sterile, that is, it is colonized
by relatively few forms of life, ar least
compared to streams. A large portion
of Switzerland’s ground warer is stored
in valley basins of the Lower Alps. The
predominant aquifer materials in this
area consist of gravel beds thar are
formed by glacial ourwash. Important
characteristics of these gravel forma-
tions are coarse-grained consistency,
high hydraulic conductivity, and ex-
trerne heterogeneity {1]. It is quite
common, for example, that the
sand:gravel ratio varies significandy
even over very shorr flow distances.
- Other significant ground water reser-
voirs exist in the fissured formartions of
the Karst areas in the Jura and the Alps.
The consensus in the asea of ground
water management is that this resource
has to be mainrained in its natural
condidion, and furure action is required
to protect it and to effectively monitor
its quantity and quality.

Contribution from Research
is Needed

.Determining transport velocities of
chemicals (particularly contaminants)
in ground water, as well as their be-
havior and fate, poses a major challenge
to scientsts. Studies conducted at na-
tional and international institutions,
such as the Canadian Waterloo Centre
for Groundwarter Research at the Uni-
versity of Waterloo, Ontario, of the

Centre d"Hydrogéologie at the Univer-

sity of Neuchitel, show thar ground
water research requires an interdiscipli-
nary approach. EAWAG is and has
been using such an appreach, especially
since the enactment of the new Fedgral
law on water protection (24 January
1991), which conrains sections speci-
fically relating to ground water (e.g.:
Art. 7, Par. 2) “Percolation of non-
polluted waste water”; Art. 20, “Obli-
gation to ser aside protected zones
around locations of ground water pro-
duction”; and Art. 43, “Preservation of
ground water reservoirs’). Changes in
the Environmental law of 21 Decem-

.E.

v 7
Fig. 2

Application of an elecrromagneric method in a detailed soudy of she electrical conductivity of the
ground and associared ground water (down to -6 m below the surface): this sechnique aflows
mapping of the locaion of potential contaminans plumes in the vicinity of old landfill sites. The
piceire shaws P Huggenberger using the measiring device in the field. Sending and receiving coils are
Iocated in both ends of the rod. A primary magnesic field created by an alernating current induces
electrical currenss in the ground. These currents depend on the conductivity of the ground and induce
a secondary magnetic field, which-is the acual parameser being measured.

ber 1995, included new asricles pre-
senting information regarding regulat-
ing improvemenss to landfills and
other locations impacted by deposits
of solid waste (Chapter 4, Section 4,
Art, 32c—e). Such arricles as these
should be used as a basts for develop-
ment of concrete ordinances and in-
structions. EAWAG has to be able o
provide the basis for this process.
Simulraneous involvernent in research,
teaching and consulting (including
work on committees) ensures efficient

transfer of new scientific knowledge

and its subsequent application to real
problems.

What has EAWAG
Accomplished to Date?

In accordance with the undersranding
of its mission ar the time, the for-
mer Department of Geology {which
EAWAG no longer has}, was inten-
sively involved in consulting activities
relaring to ground water into the mid-
1980%. In 1976, the Swiss National
Fund starred o move ground water
research rowards the center of the “po-
litica! stage”™ by establishing a national
priority program, “Fundamental prob-

lems of water management in Switzer-
fand”, and more specifically with a
sub-program entitled “Ground water
reserves; quancitative and qualitadve
aspects”. Iowas under this program that
the EAWAG conducred the study
“Behavior of organic compounds dur-
ing ground water formatdon and in
ground warer flow” (e.g., [3]). The
interdisciplinary approach taken at the
time was exemplary and involved pro-
cess oriented laboratory and field studies
as well as model calculations (Fig. 1).
Field studies were conducted primarily
in the infileration zone near Glare-
felden, where the heavily polluted
Glast River contributes significanty o
groundwater recharge. The transport
of inorganic compounds in this system
was studied in collaborarion with the
Paul Scherrer Institute.

Ground water research during the
late 1980%s focused on, among other
ropics, the geological characterization
of ground water aquifers {5]. For the
last two vears, the ETH Board of
Directors has finanaced a project called
“Transport of organic pollutants in
unsaturated soil — an integrated ap-
proach” (OPUS-IA}, which involves,
in addition o FAWAG, two other
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ETH departments (Hydromechanics
and Water Management, IHW,; Terres-
trial Ecology (ITO) and two institutes
at EPFL (Instirute for Agricultural and
Warer Management and the depart-
meént for Civil Engineering at the Insti-
tute for Environmental Engineering).
The main goal of this project is w0
describe the fundamental dynamics of
chemical and microbial processes dur-
ing contaminant transport in sarurated
flow-through porous model systems.

Formulation of New Questions
Concerning Ground Water

As part of the research focus “Sustain-
able resource management in the ex-
ample of streams, lakes and anthropo-
genic sediments” (FoSP), EAWAG is
currently conducting process-oriented
field and laborarory studies relating o
ground water problems. The studies
are grouped into three individual
research areas and also include an in-
tegrative section [6]. A major goal
of the research focus is to approach
the problem in an integrated way, as
illustrared in Fig. 1. This requires, of
course, collaboration berween various
technical disciplines and a strong in-
volvement of external partners.
Research area 1 deals with the effects
of old landfill sites in the area where

12

the Clty of Winterthur is now operat-
ing a repository for refracrory com-
pounds (landfill Riet). For two of the
old landfill sites (they are 30-70 years
old}, the transporr of poilutants, espe-
cially inorganic components, is being
measured along the path of the ground
water which is flowing into the ground
water reservoir of the Eulach valley.

This ground water reservoir is of

particular interest because it is used for
drinking water. The speciation and
water-rock interactions of the poliut-
ants are dependent upon the redox
conditions. This study attempts to
demonstrate in a real life situation, how
a detailed scientific-technical investi-
gation of old landfills could be con-
ducted. In 1993, the office for Water
Protection and Warer Engineering
{AGW) of the Canton Ziirich has out-
lined such swdies in its pamphler
called “Attention: Old Waste, New
Waste”,

Research area 2 is primarily focusing
on the infiltration of run-off into un-
saturated geological formations. Inves-
tigations at a 40-year-old infiltration
site, which handles primarily street
run-off, have revealed contamination
of humus and underlying gravel layers
(Fig. 3). In a sub-project, the transport
of components in roof run-off during
infiltration will be followed. In 1995,

Criteria {VSBO, 1986)

the MIGROS Co-operarive {Genos-
senschaft) has built an infiltration pir
at its new distribution center, Winter-
thur-Grilze. At this site, roof run-off
is allowed to percolare down to the
ground water reservoir through a sur-
face layer of humus. A two-meter deep
mench was excavated at the base of
the trough where EAWAG is currently
drilling bore holes into the sand and
gravel layers in order to install instru-
ments. This instrumentation will be
used after rain events to track the fate
of chemical compounds during perco-
fation through the unsaturated zone of
the aquifer. The pertinent term in the
water protwection law is “uncontami-
nated run-off”; it has to be established
that infiltrating roof run-off does not
contaminate the ground water aquifer
or the ground water itself. '
In research area 3, several working
groups swudy the infiltration of stream
water into ground water: The Canton
Ziirich is planning to revitalize the
river T8ss in the area of Linsental,
south of Winterthur. Changes in the
river bed associated with such revital-
ization could jeopardize ground water
wells operated by the City of Winrer-
thur. The EAWAG study has to be seen
in the context of reconciliation of the
conflicting interests of drinking water
supplies and integrated preservarion
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of landscape, fauna and flora. Using
hydrogeological, sedimentological and
geophysical methods, the extremely
heterogeneous aquifer is being de-
scribed and infiltration pachways and
gradient felds around welis are being
determined. At the same time, the eco-
logy of the stream bottom and of the
ground water is being described. Iris a
relacively new approach to treat ground
water as an inhabited and living eco-
system. In addition, the infilcration
zone near Linsental serves as a site for
a tracer study in which naturally occur-
ring isoropes of the noble gases can be
monitored to determine transfer of
gases from the Téss into the ground
warer. Under the FoSP tracers are used
to determine the age of ground water
bodies and to investigate mixing pro-

cesses which are important in ground

water management. For deep ground-
waters which are stored under pressure
in poorly consolidated, quarternary
rock formations and which were
formed during the ice age, noble gas
concentrations can reveal the tem-
peracure at the time the reservoir was
formed. Because the application of
tracer methods in ground warer re-
search is becoming more and more
important, EAWAG is planaing to
establish a center of excellence in coop-
eration with the Institute for Physical
Sciences at the University of Berne.

What Does the Future Hold?

The relatively new “Drinking Water
Group”, which has now been in exist-
ence for just about a year, works on
developing, producing and managing
ground water, among other things.
Due to the broad application of irs
expertise in research, consulting, reach-
ing and committee work, the group is
expected to make major contributions
to EAWAG’s activities (it will be the
“W in EAWAG). The primary goals of
the working area “water resources and
water supply”, as far as ground water is
concerned, are shown in Fig. 4. These
" goals will be reached in cooperation
with external partners, such as ETHZ,
engineering companies, and the offices

pollution of ground water;

Appropriate cancepts for monitoring and protection against increasing over-use and

~ Better understanding of below surface contaminant behavior on & field scale;

Appropriate monitoring technology and mathematical modeling of flow paths, chemicat
wansport and physical properties of ground water; .

©
50
(
O

Geophysics);

Refined tools for expleration and quantification of ground water reservoirs (e. g.,

impacts.

Evaluation of conflicts of interest by means of stream-ined studies of environmental

Fig. 4

Primary goals of the EAWAG workinig area “water resources and water supplies” with respect to
developmens, production and management of ground warer,

for water protection on the Federal,
Canron and local level.

EAWAG will continue its work on

old waste storage sites, since many

questions relating to exploration, eval-
uation and remediation are stili un-
answered. An example of such projects
is the joinr effort between the experts
and consultants of the “Special Waste
Landfill Kolliken” (SMDK), the Sec-
tion for Environmental Protection of
the Building Department of the
Canton Aargau and the “working
group SMDK” ar EAWAG, which
applies its expertise in analytical chem-
istry, chemical hydrogeology, micro-
biology, waste water treatment, risk
analysis and ecotoxicology o addresss a
topic at the center of public interest.

Over the last eight years, an intensive
monitoring program, which was a part
of the effort to secure and remediate
the SMDK, has documented thar the
exact flow path of the ground water is a
very critical paramerer.

The importance that ground water
will have in the future justifies 2 more
intense effort to study underground
processes. Experts ar EAWAG are
challenged to make useful coneribu-
tions to the solution of the porblems
at hand.

I wonld like 1o thank my cofleagues Annette
Johnson, Markus Boller, Walter Giger, firg
Zobrist, fiirg Bloesch, Tom Bosma, Tom Gonser,
Stefan  Haderlein, Peier Huggenberger, Rolf
Kipfer and Walter Wagner for their suggestions
and additions to this article.
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Peter Krebs

Interdepéndencies and
Dynamics within the
Urban Water Management

The production of drinking water reduces groundwater levels. Sew-
age is mixed with rain water and reaches surface waters either directly
or via waste water treatment plants. Even just a short description of
the water flow through developed areas highlights the need for an
integrated approach to the management of municipal water systems.

Peter Krebs

Retention

Drainage from Private |-
Property and Streets

Sewage Slorage=

Rain Buno¥ Progess

Developped Area

Tank

* Cofnbiried Sewer .
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Ground Wéter

Receiving Water

" Fig 1

The complese system of wrban water management includes settlemens, sanspors syssems, and

Lreatnent processes, as well as
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natural warter syseems,

The History

In the 1960%, the primary “goal of
urban drainage” according to Hérler
[1] was to “collect all waste waters as

PP 777 % % complerely and quickly as possible and
uj-i“'"“?z-’//é V7 // to remove them from human serde-

ments, without damaging above- and
below-surface waters”. In the following
two decades it was possible to expand
the primary goals of urban drainage -
ensuring hygiene and flood protection
— to include the qualirative protection

s E ' e of surface waters.

18 ‘s : Reservoir 8 ‘La——cgr'nﬁf\—e—ﬁ' Overfiow The requirement of quick removal
3 ‘ig : “ || % T Herennml Structure and th.e understanding thar “waste
g “:; = i Storao Tark warer” includes all waters, even water
eS| VL EEEE i flows which are now categorized as
A e e I Sedimentation - “clean water inflow” and are considered

to be an unnecessary burden on waste
water trearment plants, have created

: P a set of new problems. Combined
T .

S E . sewer overflow (CSO) after rain events

8= D e . -

B a8 85 W have increased in sewers and overflow

|2E SE dd inflow and

lewm 0| Y structures, and clean water Inrlow an

| D - ' . . .

HEX J_ e a8 ' rain water are not reaching ground-

E;;—" S gi" Waste . uife o+ .

- X , Disposal water aquifers or surface waters.

This development had to be cor-
recred by formulating a new strategy
in the Integrated Urban Drainage
Masterplan (GEP, Genereller Entwis-
serungsplan) [2]: “Waste waters should
be differentiated and only be removed
if they cannot be allowed to infiltrate
into soil within the area of origin with-
out causing damage. In addidon, possi-
bilicies for water retencion should be
usilized as much as possible in order
to reduce peak flows”. Thus, the goal
has changed from removing as much
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water as quickly as possible to one of
removing as litde as slowly as possible.
The additional demand for “integrared
approaches to urban water manage-
ment” requires that concrete solutions
are found to many of the remaining
problems.

Gaps in Existing Systems

An FAWAG case study involving
Fehraltorf [3] demonstrated some of
the iniial steps in the realization of an
integrated approach to urban drainage
handling and pointed out opportuni-
ties for cooperation berween technical
fields which have not usually worked
together. Despite the fact that the waste
warer systern of Fehraltorf meers ail
the requirements of the current laws,
the local stream is regulasly being over-
loaded. One of the main reasons is due
to the fact that the rechnical design
distegarded local stream and ground-
water characteristics. If Fehraltorf were
situated on the River Rhine instead of
the River Luppmen in the Ziirich
Oberland (a sweam which regularly
dries up in some secrions during the
summer months), the drainage systems
would essentially be identical except
for somewhar smaller combined water
storage tanks. '

While the main focus of the case
study was on the drdinage system of
the community, major problems were
found in three related systems:

@ Since the 1940%, the groundwater
level has dropped steaddy due to the
withdrawal "of drinking water. The
streamn is no longer fed through reverse

seepage fromi the groundwater, dries up -
more frequently and for longer periods .

of time, and is therefore more sensitive

to the effects of the discharge 6f com-
 bined sewer overflows (CSOs).

® Wharer is withdrawsi upstream of the

community which further rcduces in-

steam flow rates. 0 |

e In addition o solure concentrations

_ -and hydrology: - thf: morphology isan’

important paramerer deterfnining the
- “quality of a stream and its ecosystem.
“Factors including shading by trees,
river bed dynamics, and vasiability in

geometry are all important conditions
determining the diversity of habirats
and the survival of small animals
during flood events; such facrors are
completely lacking in many sections
of the stream. Technical improvemenss
become irrelevant since the ultimare
goal —a near-natural state of the stream
— is unachievable because of the con-
ditions in the scream itself. ]
Depending on the level at which a
system is being 2nalyzed, the measures
chosen to improve the conditions of
a stream may vary. While increasing
the rerention volumes would be an
appropriate measure with just the

_ drainage system in mind, an integrared

approach to the management of a
municipal water system would more
directly address the three problem areas
menrioned above and would ultimarely
lead to more efficient solutions for the
system as a whole.

lnterdepéndencies in the
Complete System

The complete system of urban water

_management includes the following

subsystems (Fig. 1): the distribution
and collection systems for drinking
water and waste water, the process
technology for drinking water and
waste warter trearment, as well as the
natural water systems, i.e., ground
water and surface waters.

Measures or changes applied to one
subsystem always cause changes in
others due ro mulriple linkage berween
subsystems. For example, infileration
of rain water simultaneously means
recharging of the groundwater aquifer,
reduction of CSOs and of the load on
the waste water treatment plans, and
increasing seepage of ground warer
back to surface waters and therefore a
more stable base flow in the stream.
As another example, reduced con-
sumption of drinking water leads to
the conservation of ground water as a
resource and to a reduced load on waste
water treatment plants, which can have
a positive effect on solute concentra-
tions in the stream, especially during

dry periods.

Individual chemical components -
usually travel through several sub-
systems. The fate of heavy metals, for
example, which are being washed off
roofs (copper, zinc) or roadways (lead)
by rain water, strongly depends on
which drainage conceprt is chosen [4].
In a combined sewer system, heavy
metals are mostly transported to waste
water treatment plants, from which
they are distributed diffusely by appli-
cation of sludge in agriculture. In 2
separate system, heavy metals within
the rain water are direcdy discharged
to screams and again diffusely distrib-
uted, now in stream sediments, On the
other hand, in a rain water infiitration
system, heavy merals accumulate in the
upper-most layers of the filter body
that can periodically be removed. In-
cluding the community itself as part of
the system (Fig. 1) opens new options
for source control measures. For ex-
ample, heavy merals could be kept out
of rain water to a large extent if differ-
ent materials were used for rain gurters.

Dynamic interactions

In the case of heavy metals, total loads
and accumulared concentations over
long periods of time are of interest. For
other substances, acute effects and their
dynamic behavior over short periods

-of times are crucial. A well known

example is ammonium whose chemical
equilibrium with fish-toxic ammonia
is primarily determined by pH and
temperature. The soluble ammonium
comes mostly from waste water and
exhibirs strong diuenal variations.
Ammonium loads and corcentra-
tions for three subsystems, namely the
sewage System, waste warer Creatment
plant and stream, were simulated using
a model which included dynamic
interactions [5]. Calculations were
based on data collected during rain
events (Fig. 2), a typical diurnal sewage
variation and a virtual waste water
treacment plant which was modeled as
a. nitrifying plant using ASIM [6].
Included in the model were several
effects which were due to rain evenss,

such as the push our of ammonium
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from the primary clarifier to the aera-
tion basin, the shifring of sludge from
the aerarion basin to the secondary
clarifier, or the reduction of the specific
. activity of the acrivated sludge because
of increased focculation of particulate
marertal into the sludge.

Figure 3a shows the ammonium.
loads in the CSO and in the effluent
of the treatment plant. The first two
peaks berween hours 2 and 5 and hours
8 and 12 after the beginning of the rain
event are clearly correlated o runoff
volumes. Another peak is observed at
the 20 hour mark despite consistently
decreasing runoff volumes. This is
induced by the morning peak of the
diurnal sewage variation.

The ammonium load leaving the
waste water trearment plant reflects the
diurnal load variation, with a certain

time delay. The peak values on the day .

after the rain event actually exceed the
highest values of the day of the event
irself Due to clean water inflow, che
hydraulic loading of the trearment
plant remains high long after the end of
the rain event, while the specific activi-
ty of the sludge still remains depressed
due to the input of particulate marerial.

Including stream runoff in the calcu-
lation yields the concentration curves
shown in Figure 3b. The second day
obviously becomes less important since
the flow rate in the stream begins to
increase after the first overflow, goes
through a maximum after approxi-
mately 20 hours, and then decreases
only slowly. After 24 to 30 hours, the
runoff volume still is about four rimes

as high as the base flow ar the begin-
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ning of the rain event and is therefore
sufficiently high o dilute the concen-
trations occurring during the second
day. The major ammonium concentra-
tion peak at 2 hours after the start of
the event could only be significantly
reduced if the rainwater runoff is de-
creased by infiltration and rerention.

Realization

In light of the increasing knowledge of
dynamic interactions, it appears appro-
priate to use an integrated approach to
urban water management. The expan-
sion of system boundaries allows ro
derermine and potentially model inter-
actions with bordering subsystems,
which may uncover new management
options.

New knowledge is not gained by

but is the result of a long-term process
where experts in drinking water, waste
warter, ground water and limnology
joindy develop concepts and method-
ology which simultaneously satisfy the
basic needs of municipal water systems,

. better protect ground water as a valu-

able resource, and show ways to pre-
serve of lmprove Sireams as ecosystems
instead of using them as “transport
systems”. In order to really achieve
progress, of course, science has to find
receptive ears and interest in innova-
tion within government bodies, both
on the municipal and cantonal level,:
where officials have to actively par-
ticipate in the development and the
application of new concepts.

(1] Heérler A. (1966). Kanaliration. Ingenieur-
Handbuch, Band 1L

2] VSA (1989). Generelier Ennwisserungsplas
(GEP). Verband Schweizerischer Abwasser-
fachleute, Ziirich.

[3} Krejci V., Fankhauser R., Gammerer 5., Grore-
ker M., Harmuth B., Merz B und Schilling
NT. (1994). fntegrierte Siedlungsentwisserung,
Fallstudie Febraltorf Schrifienzethe EAWAG,
Nr. 8.

[4] Boller M. und Hiifliger M. {1996}, Verbleib
von Schwermeralien bei unterschiedlicher
Meteorwasserentsorguag. Gas-Wasser-Abwas-
ser, 76 (1), 3-15.

£5] Krebs B, Krejei V., Fandchauser R und Siegrisz
H. {1996). Reducing the overall impact on
a small receiving water. Inc. Coaf. on Urban
Storm Deainage, 9.-13. September 1996,
Hannover.

[6] Gujer W. (£990). ASIM — activated sludge
simulation program. MS DOS, public do-
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Bruce R. James

Soil, Water and
Civilizations

Long-lasting human civilizations developed, persisted and possibly
declined due to purposeful and drastic disturbances of soil-water
relationships in agricultural systems that mimicked to some extent
regional ecological communities. Coupling an examination of the
patterns of such human disturbance in three civilizations {Meso-
potamian, Greco-Roman, and Maya) with new theories of ecosystemn
stability provides insight for environmental scientists concerned
about preservation and conservation of ecological systems and

natural resources.

Linking concepts in ecology with the
ancient history of civilizations is in-
structive in evaluating contemporary
environmental problems related to soil
and water resources. Such connections
are usually missing from educational
curricula, mass media repoits, and

ublic debates; bur discussions of the
ilteracr.ions of cultural developments
of- civilizations and modifications of
soil-water systems can inform those
who formulate policies for narural
resource management and environ-
mental protection in the long-term.
Also, our perceptions of land and warer
use and preservation can be re-exam-
ined in light of emerging principles
of ecology related to the stability and
dynamics of ecological communiries.
The goal of this article is to describe

v

exemplary soil-water systems of an-
cient civilizations and new principles of
ecological sensitivity and resilience in a
way that encourages creative thinking
and discussion in the fields of warer
resource management, soil science and
environmental policy. Sensitivity refers
o the degree to which a given eco-
systemn undergoes change due to paru-
ral forces or human interference, while
resilience is a property that allows a
system to absorb, utilize and benefit

from change [1].

Models of Natural Ecological
Change

When an agricultural field is left un-
planted for several years, the narural
process of ecological succession begins

Characteristics Picnesr Stages

{limax stages

Digh

o
sl

Table 1

Comparisen of the inber-
ent characteristics of both
pioneer and climax stages
for an ecosystem under-
going successional change.
The time needed to reach
naturally the self-sustain-
ing community is differens

* Years nacded for the change into & kigher plant commenity.

Jfor every region.
Years of 0 i 2-20 25-100 150 + 00
succession™
piant commugpity ¢ Bare field (Grasses Shrubs | Pine forests | Oak-Hickaory 7

Typical succession af plant communiies that wonld grow, if undisrurbed, on a bare field in the humid

regions of North America or Northern Europe over decades and ceneuries.
i
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as weeds and other colonizing plant

species establish natural plant com- .

munities. These communities change
slowly over the years, and different
pioneer suages replace one another over

decades (Table 1). The disused field

passes through several pioneer stages:

before reaching a self-sustaining, natu-
ral equilibrium plant communicy,
known as the climax [2}.
Pioneer stages differ from the climax
community in many impoitant ways
related to the complexiry of food webs,
*biomass supported per unit of-energy
flow, sources of inorganic nutrients for
plant growth, the development of sym-
biosis, species diversity, and nutrient
conservation {Table 1). This classical
model of ecological succession assumes
_a constancy of environmental condi-
tions and an acrainment of stability in
the climax community that is com-
parable to the dynamic equilibrium of
a chemical reaction in. which no net
change in the concentrations of reac-
tants or produces is observed. The cli-
max communicy is seen as being resis-
tant ro disturbance (“well-buffered” in
the chemical sense), thereby making it
long-lasting. In contrast, the pioneer
stages are viewed as less stable because
of their poorly developed mechanisms
to resist change and perturbation.
This model of ecological succession
has also dominated thinking about hu-
man relationships to natural systems,
but it has been challenged recently as
an unrealistic and inaccurate descrip-
tion of real ecosystems [3]. New think-
ing and research in ecology are showing
thar ecosystem stability is a function of
constant recovery from disturbance,
and recovery dynamics are the key to
understanding the processes involved.
Fizes, floods, stream erosion, soil ero-
sion, drought, and extremes in tem-
perature are examples of natural 2nd
human-induced disturbances thac may
increase spatial and temporal hetero-
geneity in ecosystems, create opportu-
nities for colonization by organisms,
and thereby promote biodiversity and
greater stability of whole ecosystems.
Such nonequilibrium models of eco-
system functon are instructive in
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or were overrun by outsiders.

Anasazi Culture

The Anasazi people (whase descendents are the Preble Native Americans) created a “micro-
civilization” in the semi-arid mesa country of the southwestern United States for a thousand
years beginning around the time of Chriss. They aceually “creared” agricultural soil SYSTEMS
behind small, stone dams at the tops of steep ravines juse below the tops of vhe mesas where soil
was eroded into the ravines by thunderstorms [11]. They lived in stone cliff dwellings along
and within canyon walls where drinking waser was probably available afier draining from the
mesa tops above. There is no writsen record of vhese people and their accomplishments, but the
archaeological record provides a detailed picrure of the relationships of there people with soil and
water resources and-how they used them creatively to establish small, self-sustaining commmunities.
As with the Maya, no clear reason for their decline is evident, bur a 30-year drought may have

forced them to dishand and migrate from the region. As in the other three civilizations, purposeful
| “and creative responses wa limizations of water supply and quality enabled shese people 1o develop
| persistent, stable societies, but under severe enough stresses, these civilizations disbanded, declined,

understanding how the growth of
lasting human civilizations has been
dependent on drastic and purposeful
disturbance of soil-warer systems asso-
ciated with agricultural production
and the development of the cicy.

The Rise and Fall of
Civilizations: The Role of
Ecosystem Disturbance

How have soils, water supplies, and

ecosystems been changed inrentionally -

by humans to allow the growth of
civilizacions? Can answers to this
question help us assess current and
furure human relacionships to natural
systerns?

A “civilization” is a complex socio-
political form defined by the institu-
tions of the state and the existence of
a “distinctive great tradition” (sets of
elite values and behaviors thar emerge
from folk traditions and that are
expressed in distinctive rituals, ar,
writing, and other symbolic forms) [4].

Three civilizations that rose and
developed within disturbed soil-warer
systems exemplify different ways that
geographic location, soil resource,
water supply, climate, and climax
community shaped human culrural
development. These include those that
arose on the floodplains of the Tigris
and Euphrates. Rivers {Mesopotamia),
surrounding the Mediterranean Sez
(Greco-Roman), and in the lowlands
and tropical rain forest of Central
America (Maya).

Mesopotamia

This arid, drought-prone region
known as “the land between the two

great rivers” is the site of the first agri-

culture ten millennia ago and is the
genegic center of the origin of barley
(Hordewm vilgare L.), wheat {Triticum
aestivumn L.) and the date palm (Phoe-
nix dactylifera 'L.). Extensive flood
control and warer delivery systems
were needed to raise these crops and
allow the rise of the famous civiliza-
tions of the Ferrile Crescent [5]. Warter
control systems of dikes and canals
were built berween the rivers on the
barren plain of swamps and other soil
environments that were either too wet
or too dry for consistent crop pro-
duction.

In Assyria and Babylonia, approxi-
mately 40°000 km? of irrigated land
supported 15-20 million people in
and around the first cities of Nineveh
and Babylon. Many first and great
traditions were developed in Meso-
potamnia, including fabric (8000 BC),
pottery (first arrificial human marerial
requiring “know-how”), and cunei-
form writing (first repeated use of
the same symbols in different words}.
As a result of trade associared with the
products of irrigated agriculture, che
concepts of the “man-day”, apprentice-
ships, business accounting, and private
property developed. Child support for
aging parents and many women’s rights
(e.g, owning land and allowing
widows to remarry) were instituted in.
these-societies.



Soil, Water and Civilizations

Intensive and exrensive water and
soil management were critical to
successful crop production, and slaves
were used fo remove the constanty
accumulating silt carried in the waters
of the Tigris and Euphrartes Rivers to
the irrigation canals and dirches. Due
to the regular and long-term additions
of water to the land in this arid climate,
soil salinity increased and caused a shift
from wheat to the more salt-rolerant
barley as the main crop. Barley became
a staple food and was used in diverse

products from bread to beer. In addi-.

tion, the sali-tolerant date palm pro-
vided many important foods. ‘

A gradually rising water table accom-
panied the salinity buildup due to lack
of soil drainage, and as a result, barley
yields gradually declined over decades

and cenruries. Barley is intolerant of

pootly-drained soils and anaerobic
condirions in its root zone. In response
to the declining yields, the area of
Jand under irrigation was expanded;
but there is no evidence of a migration
in response ro these conditions.
During the third millennium BC,
this civilization declined in part due te
the accumulating effects of siltation of
rivers and irrigation works, salinization
of soils, and the rise of the groundwarter

Human use maximized
Unconstrained use
Equilibrium disturbed

-

Fig. I

Seesaw models 1o illussrate the balance between
preservation and disturbance of ecosystems and
natural resourees. On the ends of this seesaw are
“sreservation” and “dissurbance” as possible
ways that humans may wuse and change eco-
Systers.,

If ripped toward dissurbance (a), natural equi-
ltbria are disrupted, and human wse is maxi-
mized,

level to within one merer of the soil
surface [5]. The successful use and pur-
poseful disturbance of soil and warter
resources in this first agriculrurally-
based civilization also were the invisible
seeds for irs decline millennia lares.

Mediterranean Sea

In the Mediterranean region (meaning
“sea berween the lands”), the ancient
civilizations of Greece and Rome
responded differendly than did thar

of Mesopotamia to soil and water

resource constraints {6]. In contrast o’

the arid climare and saline soils un-
affected by erosion in Mesopotamia,
the xeric climate of the Medirerranean
(dry summers and wet winters) and
hilly topography of the Greek and
Roman peninsulas resulted in erosion
of the shallow, relatively infertile soils.
The massive deforestation which ook
place for thousands of years through-
out the Mediterrenean basin (as a
source of wood for ship building, con-
struction, and firewood) accelerared
the development of these soil-climatic
conditions. These conditions created a
climax plant community dominared
by widely-spaced, relatively small trees.
Domesticated grapes (Vitis spp.} and
olives (Olea enropaea) simulated this

Minimal human use
Maintain natural eguilibrium

N J

Iftipped toward preservation (b), there is mini-
mal human wse, natural equilibria are sup-
ported, and effects of nawural changes are
tolerared,

rype of climax community and were
grown successfully in the Mediterra-
nean region. Trade on the Medirerra-
nean Sea was possible, and a com-
mercial agriculture developed, partly in
response to the limited and degraded
soil resource of the Greek and Roman
peninsulas [7]. The production of wine
and olive oil was a prerequisite for
transport and solved the problem of
storage for fresh grapes and olives.

One of the results of extensive trad-
ing and travel on the Mediterranean
Sea was exposure to and rapid dissemi-
nation of new languages and ideas.
New forms of government evolved that
began to recognize the importance of
the individual in sociery, especially in
Greece. Some of the earliest books
written in Latin gave advice on soil and
crop management on latifundia, large
farms where olives and grapes were
produced commercially. Milirary con-
quests were hecessary to control land
used for grain production in North
Africa, and the conquered people were
forced to sell grain in exchange for olive
oil and wine. '

In the ancient civilizations of the
Mediterranean basin, the shallow
inferrile soils, combined with erosive
rainfall patterns, fostered an agriculture

s c
Conservation

Disturhance

Preservation

Wisa-use of doctiine
Balance of use and preservation

\_ Resource efficlency .

When preservasion and disturbance are brought
into balance (c), resources are bath preserved
and used: and the concepr of “ronservation” is
applicable. Conservasion embodies a wise use
doetrine and blends human use and protection
of nature in ways that are long-lasting.
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Suil, Water and Civilizations

resilience ——>»

sensitivity 2>

Table 2
A sensitivity-Resilience Marrix.

that forced people off the land and into
maritime trade, was based on products
for trade and, therefore, was mercantile
or commercial rather than subsistence-
based. In this way, soil-water relation-
ships were an important’ determinant
of the growth of these cultures, their

interactions with others, and possibly

with the decline of the resource base

of the Greek and Roman peninsulas.
in this case, intensified water manage-
.ment was not the key response t a
degraded soil-water resource = base;
instead, engaging in the tade of agri-
culrural products grown in simulation
of the ecological climax allowed the
growth of these civilizarioas.

The reasons for the decline of these
civilizations are myziad and subject to
much debate among historians, bur the
role of natural resource mismanage-
menc deserves more careful consider-
ation, especially as related o tomplex

soil-water inreractions in these cul-
 tures.

Lowlaﬁds of Central America

The Maya people of lowland, tropical
rainforest areas of Central America
{(now parts of Guaremala, Belize,
Mexico, and Honduras) developed an
intensive “hydraulic agriculrure” using
raised soil beds, a system that could
be described as “irrigation with air”. In
these areas of poorly drained soils and
wetlands, latge-scale, sustained crop

production was not possible under

natural soil conditions [8,9]. In that
region, 80% of the annual rainfall
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(up to three meters) falls berween May
and November, the growing season for

maize (Zea mays L.), the staple crop. -
~The construction of the raised beds was

labor-intensive. No special machinery
or imported fertilizers were needed,
and these food production and soil-

'warter management systems were im-

mune to the buildup of salinizy. The
loss of soil fertility through washout
{heavy rainfall), nioogen depletion
via harvest of the maize crop (maize
requires a lot of N), and weed effects
could be compensated for by the
repeated addition of a mulch consise-
ing of water lilies (Nymphaceae) and
other marerial from the drainage
canals. ‘ ‘
Although the rainforest vegetarion
was cleared for cities and crop pro-
ducrion, maize was native to Central
America and was grown successfully
using this system for approximately
three millennia from 2500 BC 1w
800 AD. In this case, excess water
was 2 continuing limiration for food
production and indirectly for the
growth of ciries. The crop production

“and soil-water management schemes

apparéntly were efficient and" could
have supported the large, urban, non-
agriculeural population for 2 long
period, perhaps indefinitely. Why the
Maya civilization declined rapidly after
800 AD is unclear, bur it is evident
thar the autocratic societal strucrure
and sophisticared cultural develop-
ments were related to the intensive
management of poorly-drained soils in
a wopical climate. A comprehensive
system of soil and wazer management
was developed that apparently was
sustainable; no evidence exists for its
decline or mismanagement by the
Maya people. Today, these soil-water
management structures lie abandoned,
but could be a rehabilitared water and

_soil resource in this region [10].

Heuristic Lessons and
Concepts

‘How can the emerging theories of eco-

system change and stability be joined
with these historic examples of human

k]

disturbance of soil-water systems to
direct our thinking as we address
contemporary issues of soil and warter
management and use? Do these eco-
logical and historical examples justify
unchecked consumprion of soil and
water resources without concern for-
the future? Can we assume that dis-
rurbed ecosystems will recover and be-
stable and thar our modern civiliza-
tions may proceed without change as
1esources are consumed?

A schemaric metaphor of a seesaw is
useful in stimularing choughr on these
questions (Fig, 1). Since there are many
positions of this seesaw, and since there
is continuous variation from distur-
bance to preservation, how can deci-
sions be made about its “correct” or
“desirable” position? Should a given
position be eswmblished rigidly, or
should there be flexibility in time and
for different human culrures supporred
by particular soil-water-plant systems?

Combining these concepts from the
seesaw with a decision-making matrix
may be helpful. A two-by-two matrix
(Table 2) that uses the concepts of
“sensitivity” and “resilience” ar high
and low levels is germane two this
thinking [1]. Soil-water systems that
have low sensitivity and high resilience
are ones that humans may disturb,
while ones that have high sensicivity
and low resilience should be preserved
from human disturbance. The high
sensitivity-high  resilience and low .
sensitivity-low resilience combinations
are intermediate cases between the two
extremes.

How sensitivity and resilience of soil
and water resources are perceived,
defined, and quantified is a challenge

for environmental sciendsts, narural

resource managers, government offi-
cials, and the general public. The
histarical examples teach us that hu-
man uses and management of water
resources, i accordance with soils of
particular regions, play a central role
in the development, persistence and
decline of complex, urban-centered -
civilizations. We must define sensitiv-
ity of our own soil and water resources

“and understand how resilient they are
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when used, preserved, and conserved
in industrialized and developing na-
tions. Because water is often consid-
ered 2 “renewable resource” within the
hydrological cycle, and soil develop-
ment and renewal are poorly under-
stood by most people in modern societ-
ies, we often assume that they are not
principal determinants or supports of
our lifestyles. History teaches us that
we disregard soil and water resource
conservation at our peril and that we
heed their constrainss to our benefit.
Perceptions and knowledge from the

natural sciences, humanities, and social’

sciences must be combined to generate
new ideas pertinent to our culrural
values and ethics associated with soil
and water resources. The rask may be
made easier if the new principles of
ecology (described above) are studied,
combined with knowledge from soil
and water sciences and applied in the
context of facts and principles from
human history.
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An Interview with the Biochemist Joan Davis

Water Protection: New Problems
Demand New Solutions

Much of your work deals with rivers.
What are your current research activities
in this feld?

The main work focuses on factors
which affect the quality of river water.
There are two main categories of influ-
ences we look at: the anthropogenic
loading and narural factors. Both affect
physical parimeters (such as electrical
conductivity) and flucruations in sub-
stance concentrations. Understanding
natural influences helps to interprer
appropriately the fluctuations of the
paramneters examined. In particular it
helps recognize whether an observed
increase or decrease is a sign of a
significant change {(e.g.,, temperature
increase, see Fig. 1), or perhaps only
due to particular characteristics of the
current hydrological year such as sea-
sonal distribution of discharge.

@ Most of the rivers examined are
part of the ongoing research program
“National long-term studies of Swiss
Rivers”, abbreviated as NADUF (an
acronym of its German name). This
program has existed for 20 years as
a joint project with the Swiss Fed-

eral Deparcment of the Environmens
and the Nartional . Hydrological and
Geological Survey. Other EAWAG
scientists involved in this project are
Prof. Laura Sigg, Dr. Jiirg Zobrist, De.
Adrian Ammann and their coworkers,
who are responsible for the chemical
analyses and data conwol. The multi-
siciplinary teamn working on the project
has contributed to a fruitful coop-
eration with regard to conceprual
planning and technical aspects of the
sampling. This serves both routine
measurements and  special, usually
short-term, studies. _

@ The Alptal project, based at che
WSL (Swiss Federal Research Institute
for Forest, Snow and Landscape) is a
second long-term project with which
important insight was gained-into the
behavior of biogeochemical substances
and physical paramerers in rivers. Since
worlk first started on NADUE, a con-
tinuous exchange of ideas and daw
with Hans Keller, former head of the
Alptal projecr, was maintained. After
his untimely death by an accident in
the mountains three years ago, we (i.e.,

sustainable e of resonrees,

and Geological Survey)

Whuppertal, Germany
of Busel

Gronp), New Hampshire ( TJSA)

Afier completing a Bachelor of Science in Chemistry, Joan,
Davis studied biochemistry at Obio State University, where |
she received her Ph.D. in 1965, Her postdoctoral studies first
brought her to England and then to Switzerland. fn 1975, §
she was awarded, together with Samuel Mauch, the firss
international Mitchell-Prize for the paper on "The Basis for
a Blueprint for Progress in Switzerland” which deals with

She has been working ar EAWAG since 1970 and seaching at
the Swits Federal Institute of Technology Zurich (Department
of Elecirical Engineering, and later in Chemistry and Environ-
mental Sciences Depariments) since 1975 . She was a visiting
professor ar the Technical University of Berlin from 1985 1o i S0 S
1986, a guest lecturer ar the Gesamshochschule Kassel from 1987 to 1988, bas been teaching
ar the University of Zurich since 1989 and, since 1996, akso at the Universisy of Basel.

Ske is a member of the following commissions:

* Early Warning Systems in Science Policy (Swiss Academy of Science)

* Working Group for Operational Hydrolagy (in confunction with the Natisnal Fiydrological

* Swiss Commission for Environmental Observations
« Scientific Advisory Board for the project “Sustainable Germany”, of Wuppertal Institute,

s Committee of experts of the research foundation “Man-Society-Environmens” of the University

« International Network of Resource Information Censers (INRIC, better kriown as the Balaton

21
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The water temperature, in addition to nuirients and other substances, has
an important influence on aguatic systems.

As illustrated by the graph on the lefi (A) a noticeable increase in
temperature is visible, in spite of the strong annual fluctnarions. The graph
on the right (B) shows this more clearly: it compares the water remperaure

of years with equal water flow. The increase is significans: almost 2 °C, of
which only a very small pare can be astributed to direct anthropogenic
influences [Rhine: Village-Newf, downstream from Basel]. Such a rapid
warming raises the quession of the effects on the biotic communities of ‘
tater Systems,

several of his colleagues and me) were
derermined to continue his work. A
research project was formulated which
compares small streams that are an-
thropogenically less loaded, with larger
partly heavily loaded rivers. A better
understanding of anthropogenic and
natural influences, affecting concentra-
tions and physical parameters was the
objective of the project.

@ The work on river water quality
prompted me to become involved in
another level of water protection — a
level which deals less with measuring

avoid the pollution which causes the
problems. Such a “beginning-of-pipe”
approach is essential to prolonging
the reserves of natural resources and
reducing environmental pollution in
general, In this connection, my partici-
pation in the Scientific Advisory Board
of the project “Sustainable Germany”
at the Wuppertal Institute for Climare,
Environment and Energy was very

fruitful. There are currenty two other

projects on water and sustainable re-
source use with which I am working.
Both of these aim at providing deci-
sion-malkers wich essential information

from sciendfic studies on environmen-
tal problems. One of these is'a project
for the Scientific Council of the Ger-
man Federal Governement’s Studies
on Global Environmental Changes.
The other deals with environmenral

indicarors to be compiled for decision-
makers within the EU.

Which is the central theme of your work
o water systems?

Actually three key elements come
to mind. Two deal with data inter-
pretation, ie., determining the water

the problem but more with ways to

mg N/
2.6

2.2 . N
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18 . . :
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600 1000 1400
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1800 2200,
Fig. 2
The concentrations of substances fn river water were formerly considered
mainly dependent on water flow; however, the. marked deviation from the
regression curve in graph A indicates a strong influence of other factors.
If the data are plotted differently (B) — e.g., by using a moving average, here
over 11 values and the paints interconnected — ir becomes clear thar i is
mainly the temperature (C) and nor the discharge which is responsible for
the congentration, frs influence on the concentration of nuzrienss {particularly
" these containing nitrogen and phosphoris) is readily seen. This dependency
is guite comprehensible as water temperature is known to influence the
metabolism of organisms, In summer, nutrients (here nitrate) are therfore
consumed faster by the organisms, be it in wastewater treatment plants, in soil
(agricnitural aveas), or in water sysems [all data from the Rhine ar Village-
Nesf, downstream fram Basel, 1994].
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quality. The third element aims at
making the first two possible. Ir
centers on developing graphical
methods of data representation -
.to enhance recognition of the
behavioral parterns of the para-
meters, and thus make them more
understandable. Such atremps to
“transform dara into information”
have a historical background. For-
merly, statistics was the main tool
of numerical evaluation; however,
it contributed relatively licde to
revealing the reasons for the
marked deviations observed. It
" provided oo lictle insighs into the
behavior patterns of rivers to allow
a differentiation between short-
term flucruations and long-term
changes. Although simple graphi-
cal methods, such as regression
curves, have been used to present
an easily understood correlation,
understanding the assumptions
used to simplify the graphical rep-
resentations have sometimes led
to misinterpretacion. To avoid this
problem, new graphical approach-
es were necessary {see example in
Fig.2). .

The improved graphical meth-
ods helped to refine data inter-
pretation, but also revealed the
necessiry of data from several years
of observation if the development
of water quality, and nor only its
momentary conditon, is to be ex-
amined. The marked hydrological
differences usually observed from
one year to the next make it almost
impossible to draw significant con-
clusions from data obtained only
over a few consecutive years, un-
less changes are particulaly pro-
nounced.

Have you noticed any major changes
associated with water protection
problems over the last 25 years?
Several changes are quite appar-
ent: the problems of the past were
more visible — e.g., eutrophicarion
—and were ateribured to substances
which could generally be removed
within a filnctional period of time

i

either via natural reactions or

technical methods. In contrast,

the more recent problems are often
caused by invisible micropollur-
ants of nondegradable synthetic
substances that can remain in the
environment for a very long time.

These micropollutants add yer
another dimension to the new
problems: even in very low con-
centrations (in many cases hardly
measurable) they often have
unexpected effects on biological
systems. We are only just begin-
ning to grasp the significance
of these impact on organisms and
ecosystems. This new aspect calls
to mind the warnings of Rachel
Carson, who, three decades ago,
reported in her book “Silent
Spring” thar DDT can cause prob-
lems in very low concentrations
and in a quite unexpected manner.
We are faced with an uncom-
fortable situation if subsrances
already have negative effects in
concentrations which are barely
above the prevailing qualiry stan-
dards, or if supposedly harmless
chemicals yield degradasion prod-
ucts which are themselves a source

of danger.

What conclusions do you draw from
these observations and concerns? .
If certain chemicals are really so
persistent, and if even traces of
them constitute a potential risk
for the biclogical systems, the con-
sequences for our actions then
seem clear to me: Water protection

[3] Presentations from the Infoday in Sep-
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must change its goals from placing
emphasis on reliable measure-
ments of those substances, which
should not be in waser ac all, to
preventing such substances from
getting into water in the first place.
. In any case, the chemicals which
are the cause of major problems -
can technically not be removed
efficiently on a routine basis. Even
if they could, the use of resources
would be too high and come into
conflict with other environmental
goals, such as sustainable resource
management.
Based on the aforementionned
considerarions, it becomes readily
apparent that these new problems
do indeed demand new solutions.
But more than that, they also de-
mand new approaches — approach-
es thar reach beyond science and
rechnology and involve coopera-
tion at other levels in society, in-
cluding everyday consumer habits,
politics, business and education,

{11 Zukunfisfihiges Deutschland, ein Bei-
trag zu ciner global nachhaltigen Enc-
wicklung, Birkhiiuser Verlag, Basel.

[2] Wiss. Beirar der Bundesregierung
{Deuwschland): globale Umweltverinde-
rungen {Wasserbereich). Jihrliche For-
schungsberichee im Economica-Verlag,
Bonn.

wember 1995, EAWAG news 40

{4] Theo Colborn et al. «Chur stalen Fu-
ruress, Durton, New York, 1996

[51 Joan S. Davis: Ise Wasser mehs als H,O?
Das Lebenselement zwischen Mythor und
Molekiil, Vortragsrethe «pantha rheis der
Hasns Erni Stifrung, Luzern (1995).

i6] Jakob, J.. Liecht, P, Schidler, B. «Tem-
peratur In Schweizer Gewissern — Quo

vadise, GWA, 4, 1996.

The EAWAG “Algae Group”

Since the beginning of 1993, an

interdepartmental and inrerdisci-

plinary EAWAG “Algae Group”
has been meeting monthly o dis-
cuss current projects, research
ideas, theses and dissertations in
which algae play a prominenr role.
Talks are given by EAWAG scien-

usts and postgraduate students
from all departments as well as by
invited guests. Further informa-
tion about the “Algae Group™ can
be obrained’ from: Tad Behra
(Limnology), Nina Schweigert
(Microbiology), or Bettina Rinne
{Environmental Physics).
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