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Sustainable Regional Development
Compoenents with very different characters
must be integrated: the Toss region was
chosen to bring together a variety of disci-
plines, using the avaitabte tools and various
players. From upper left, in clockwise direg-
tion: Linsen Valley above Wintesthur; upper
reaches of the Tdss near Fischenthal; sampling
of the Tass groundwater {see Johnson and
Hohn): fountain in Pfungen; the soufie, a
protected species {see Peser and Gonser}.
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| EAWAG
and Sustainable Water Protection

Over the last several decades, the trend
of massive contamination and deteriora-
tion of water guality has been reversed,
which should be considered an enor-
mous success; however, other problems
remain unresolved, and new ones have
emarged. A few such concerns include
the destruction of many streams by
putting them into culverts; the con-
version of many aguatic habitats into
desoclate channels; the discharge of
chemicals into the environment; the
increased throughput in natural cycles
due to agriculture, urbanization and
transporiation; the high cost and
resource intensity of today’s urban water
managemeant; and the conflict between
the use of streams for hydroslectric
power and their ecelogical function.

it is impossible to attribute these prob-
lems to a readily definable set of causes.
To a great extent, they are simply a
consequence of our lifestyle and man-
agement practices. in addition, they
have grown out of historical shortcom-
ings, in particular, the compartmentali-
zation of environmentai legisiation and
enforcement and the lack of preventative
measures.

In order to move water and environ-
mental protection towards sustainabiiity,
it will be essentiat to:

@ goordinate the various demands of
water and environmental protection at
the tevels of politics, legislation and
enforcement, and to hetter integrate
them into human activities {living
spaces, transportation, agriculture, etc.);

@ align actions simuitanaously at all
levels with the participation of both the
general populace and special interest
groups; and

o maximize the efficiency of measures
and the ways in which they are imple-
mented.

Science must continue to explore and
understand processes in the natural
environment and the effects of human
activities on them. The greatest chal-
lenge, however, will be to implement
new forms of interdisciplinary research
and to integrate science into the pro-
cesses of society as a whole towards
sustainable development. The relation-
ship between humankind and the
environment has to be considered in

all its ecological, sanitary, esonomig,
social and cultural aspects. Ecologically
efficient and socially acceptable technol-
ogies and management practices need
to be developed as a cooperative effost
hetween scientists and those invoived
it their practical application. Science also
must dramatically improve its dialogue
with the general public in order to de-
termine the direction of future research
and to infiuence ongaing social change.

The primary goal of the research em-
phasis "Sustainable Regional Resource
Management” was 1o start developing
integrated approaches to understanding
and managing surface and ground
waters as well as waste sites, Such an
undertaking necessarily ieads to a muiti-
tude of difficulties — scientific, structural,
methodical and human. in some areas,
the original goa;is had to be modified
significantly; in others, new cooperations
and alliances were formed giving results
a much broader basis. This, in turn, has
initiated an irreversibie process which is
leading to new approaches and chang-
ing attitudes towards scientific activities
at the EAWAG.

Ueli Bundi,
Vice President
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The Téss region has experienced a strong development over the last
several decades. Population has increased over 60% since 1950. The
development of the region has led to a multitude of changes in the
structure and quality of natural water systems. As a consequence, the
ability of these water systems to serve as a drinking water resource
and as aquatic habitats is severely reduced from its original state, a
sustainable use of resources is at risk.

The Téss watershed covers 430 km?
and receives 540 million m? of water
per year in the form of precipiation.
Of this volume, roughly two-fifths
evaporates; the balance flows through
the region and is used in numerous
ways along its way, unil it leaves the
watershed at its confluence with the
Rhine near Tossegg.

For many plants and animals, water
is their required habitac. Bur it is also
used in many ways by humans, eg.,
as a source of drinking water, in energy
production, as a transport vehicle for

waste products, etc. The various uses’

by nature and civilization put different
demands on the water itself; namely,
in terms of quality, quantiry and sea-
sonal distribution. Civilization also has
demands on its own protection. Flood

mfl/‘j//,%
NaefbBach

S,
Winterthur

Linsen Valley

The area of the Toss watershed is 430 km® with a population of 180,000. The majority of the

population lives in relatively smail communities; there are very few cities. The Toss region is rypical of

Central Switzerland,

damage is to be avoided when possible
using: reasonable ‘means. Often the
different demands are diamerrically
opposed, which inevitably leads rto
conflicts berween the various uses and
interests,

The regional population is not only
dependent on the many uses of the
water, but it also shapes and changes
the natural fluxes and water quality
through a variety of activities. Water
sources are, therefore, an important
factor to be considered in the furure
development of the region, but are
also a reflection of previous develop-
ment strategies. EAWAG has used the
Toss region (Fig. 1) as an exemplary
demonstration of how sustainable
management of water resources can
be achieved on a regional scale.

Factors in Regional Development

A crucial element in the sustainable use
of water resources is the understanding
of interactions and interdependencies
berween human activites and water
quality. The Toss region has experi-
enced significant growth over the last
50 years {Tab. 1), which has left its
mark on its water systems.

An ever increasing population need-
ing more and more space for settle-
ments, roads, agriculture and improve-
ments in flood protection has resulted
in nearly complete straightening and
canalization of all the major rivers and
streams in the region. Along three
quarsers of its course, the Tdss itself
has lost lateral variability entirely in its
stream bed. Its bed has been stabilized
by 568 artificially induced rock and

3
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Development singe 1950

Papulation 16x
Brinking water consumption 1.8x
Settled area 26x
Settled area per parson 16x
Energy consumption 49x%
Energy consumpiion per perscn 31x
Agricultural productivity 18x
Grain vield per ha 16x
Motarized traffic 145
Damestic waste of the City of Winterthur § 4.2x
Domestic waste par person 26x

Tab, 1
Faceors in Regional Development in the Téss
Wirtershed from 1930 10 1993.

land slides. In heavily populated areas,
such as Oberwinterthur, over 60% of
the streams have disappeared into
underground culverts [1].

The effects of urban development
on natural water budgees are illustrated
in Fig. 2, using the community of
Embrach as an example. As a con-
sequence of population growth and
increased per capita spatial demands,
the amount of serded land has in-
creased five-fold since 1952, largely
accounted for by a loss of agricultural
land. In parallel with the popula-
tion growth, the demand for drinking

water has dramatically increased.

Wastewater and collected runoft from
precipitation, together tozalling almost
1.3 million m?, are directly fed to the
wastewater treacment plant at Rorbas
which reduces the naural above- and
below-ground runoff in the area by
almost 20%.

Because of an increase in emisstons
of armospheric pollutants, expanded
use of ferrilizers and chemicals in agri-
culture, and the significant volumes
and degrees of contamination of waste-
water and waste materials, especially
during the 1970s and 1980s, the
quality of lakes and screams in the
region has deteriorated. Since then,
water quality has rebounded in many
locations, mostly due to well targered
measures. Still ar a cricicial level, how-
ever, are contributions of nitrogen
compounds from non-point sources
as well as potential ecotoxicological
effects of chemicals reaching surface
and groundwaters.

The percentage of land used for
agricultural purposes in the Toss region
has decreased slightly over the last few
decades; however, agricultural yields
have steadily risen since 1955 because
of changing uses and land manage-
meng practices [2]. A higher percentage

Water budget of a community (precipitation minus evaporation)

in milfion m3 per year

315 1 424 ({027
R
Forest | Agrculture | |Remaining
534ha | T719ha : 45ha
! : Drinking Water
! 1

0.20

1952
(Pop. 1958)

Fig. 2

3.46 1 2.69 %1.50]
Farest :Ag;iculi. IRem.
575ha 447 ha 1250ha
| |
' ' Rain Water
0.44-
Brinking Water

1993
(Pop. 7004)

Changes in the water budget for the community of Embrach over the last four decades,

The seteled area (“remaining”} increases by more than a factar of five. Inereased wrban drainage
redrces natuval ranff in the areq by almost 17%.
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of land is planted in crops, especially
corn, while the amount of fand used for
natural pastures has declined {Fig. 3).
This change in land use alone has
caused the nitrate loss to increase by
approximately 15% becween 1965 and
1985 {3]. In addition, more intense
agricultural methods have caused an
increased use of fertilizers and pesi-
cides.

The Condition of Regional
Water Resources:
Significant Shortcomings

The current condition of the regional
water resources, the result of past devel-
opment and present day use, is un-
satisfactory in many respects, implying
that some demands on the resource
will not be met in the fusure. A number
of indicators reveal current and future
problems which could seriously curtail

future use of the water both by humans
and by nature (Tab. 2).

Overuse of Groundwater

Natural groundwater reservoirs in the
region have been severely impacted.
Groundwater is being continuously
withdrawn for drinking warer pur-
poses, while nacural recharge has been
dramarically reduced by an increase
in hard rop surfaces. As a consequence,
some local groundwater reservoirs
are no longer able to maintain a bal-
ance berween discharge and recharge,
a trend thar is contradictory to sus-
rainable use. On the one hand, the
water volume available for the drink-
ing water supply may be inadequate
in the long term. On the other hand,
changes in the natural water balance
have direct ecological consequences
such as more frequent cpisodes of
streams going dry [4].

Groundwarter in the Téss watershed
has and is being overused. The ground-
water associated with the Eulach was
documented to be steadily dropping
as carly as the firss half of this century.
In order to compensate for increased
groundwater use and reduced infiltra-
tion rates, water is currently being
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Agriculswral land nse in the Téss region, While
the overall land area wsed for agrieulture
decreases, the share wsed for craps increases.

pumped from the Téss valley to the
drainage of the Eulach and allowed
to recharge the groundwater in an
infiltration well. This has lead 10 a
stabilization of groundwater levels;
however, even the more sparsely popu-
lated areas along the upper reaches of
the Kempr, in the vicinity of the com-
munity of Fehraltorf, are experiencing
dropping groundwater levels [4].

Problems of Water Quality

Water quality, as evaluated by con-
ventional indicators such as nitrate or
organic carbon loads (DOC), presents

a more optimistic picture: contami- -

nant concentrations have leveled off
and, in a few cases, even begun to drop,

Prohiem Area Indicators

Groundwater quantity Locally dropping ground-

water lavals
Groundwater quality Rising pitrate and
chioride concentrations
Nitrate and BOC concen-
trations often near or
above gualily goals

Himinishing diversity

Quality of surface
waiers

Ouality of aguatic
habitats

Tab, 2
Assessment of Condition of Regional Water
Resources.

although absolute nitrate and DOC
concentrations are still near or above
water quality goals in most areas.

In addition, many streams are seart-
ing to show water quality problems
that are due to the ecotoxicological
effects of trace organics (see EAWAG
News 40, pp. 8). So far, no such cases
have been documented in the water-
shed of the Téss, bur the future use
of water in the arca is uncertain even
from a qualitative point of view.

Effects on Biodiversity

The qualiry of aquatic habicats in the
region has been significantly changed
by human acdvites. Canton-wide
surveys indicate that many plant and
animal species are already extinct or
are near extinction 5], The sisuation is
most dramaric in the aquatic habitats
which naturally show high diversiry.
Many species are no longer able to
maintain  viable and _selfsustaining
populations. In the Téss, for example,
only a few of the indigenous fish spe-
cies can be found above the first major
obstacie for upstream migration (see
article by A. Peter in this issue).

Conditions for
Sustainable Water Management

All the problems discussed above can-
not be blamed on a single cause, but
are the consequence of a variery of
regional developments and activities.
In order to secure the future use of
water in the region, it is not sufficient
to solve individual problems with “end-
of-pipe” solutions. In many cases, such
solutions can bring local improve-
ments, but more often than nor also
yield unwanrted side effects in other
areas. Moreover, such technical fixes
are usually very expensive and energy
intensive, which hardly makes them
an option in a sustainable management
scenario. A very illustrative example of
just how complex these problems can
become is the study on how to deal
with roof runoff, which can be heavily
loaded with contaminants {see article
by M. Boller in this issue}.

to achieve sustainable
regional water use, measures have to
address the sources of the problems. To
this end, it is necessary to undersiand
the driving forces of social develop-
ment which determine the way water is
used. Historically, the most imporrant
stimuli in this region were population
growth, rising industrial productivigy,
mobility, and demands on space and
resources.

The overriding priority is to bring
whole activity areas (e.g., agriculture,
transporeation,  energy  production)
into a sustainable mode of opera-
tion. This requires scientific-technical
approaches and the incorporation of
social, economic and political aspects
into  the problem-solving process.
Science, government agencies, indus-
try and the general population have
to enter into an intensive dialogue. In
the study of ¢the Téss region, EAWAG
has arrempsed to do just this. Andrea
Rilede discusses methodologies and
experiences that have emerged from
this study in a separate article in this
issue.

Decisions and action have to sake
into account social value systems as
well as scientific facts. With this dra-
matically widened view, EAWAG has
started to follow a new and unknown
path. Exchanges across disciplines and
between the various regional players
have initiated numerous learning
processes; the process may at times
be painful, but is a necessary one in
trying to reach the goal of sustainable
water management on a local, regional,
or even global scale.

In order

i1} BrindH#, R. Die Verinderungen des Ziir-
cherischen Gewiissernetzes seit dem 19, Jh,
Diplomarbeit. Grographisches Institur der
Universicic Ziirich (1998). .

{2} Bundesamr fiir Umwelr, Wald und Landschaft
(BUWAL), (1994): Zur Lage der Unawelt in
der Schweiz: Umweltberichr 1993, Bern.

(3] Braun, M. eral. (1994): Phosphor- und Stick-
stoffiiberschiisse in der Landwirtschaft und
in der Para-Landwicischaft, Schriftenreibe der
FAC Lichefeld, Nr. 78, Lichefeld-Bern.

4] Keejed, V. er al (1994): Iaregrierse Siedlungs-
encwiisserung. Fallstudie Fehraltosf, Schrifeen-
reibe der EAWAG Nr. 8, Ditbendorf,

[5} Regicrungsras des Kantons Ziirich (1992):
Naturschute-Gesamthonzept (Enowosf).
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Scenario} connected surfaces drainable
Fnounts
108 m¥/year
1 50% roof surfaces
20% driveways, parking 18
2 100% roof surfaces
: 50% drivaways, parking 42
3 100% roof surfaces
80% driveways, parking
50% streets a1
4 180% roof surfaces .
100% driveways, perking
100% streats 15,6 -
Table 1

Rabmvater rinoff from permanent surfices that
can be infiltrazed inta soil

6

Marlkus Boller*
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In order to move towards truly sustainable water use, urban water
management practices will simply have to settle for "smaller” water
cycles. For example, runoff from permanent surfaces should not be
channelled into sewer systems, but allowed to percolate into the soil
wherever possible. (This is actually a requirernent already contained

in the Swiss Water Protection Act).

The introduction of new strategies for
handling water drainage is expected
t0 yield several benefits, including in-
creased recharge to groundwater aqui-
fers, a decrease in the hydraulic load to
sewers and wastewater trearment plants
and reduced storm overflow volumes
and peak flows.

The watershed of the river Toss is an
example of where allowing mereoric
water to infiltrate into the soil has
allowed us to refine qualitative descrip-
tions of the infiltration of sunoff from
roofs and streets into a more quanti-
tative formulation. Various EAWAG
projects have studied the warter quality
of runoff as well as the impace of alter-
native water drainage on the transport
and fate of some critical chemical
constituents. Despite the fact that infil-
tration of runoff can be quantitatively
documented to have positive effecss,
until recenly, it has not been proven to
be a sustainable solution; on the other
hand, neither have any of the other

options proposed for the treatment of

runoff.

How much Rainwater can be
Artificially infilirated into Soil?

With an annual average rainfall of
1400 mm, the watershed of the River
Tiss receives a total of 540 x 10¢ m?
of water per year. Approximately
200 x 10% m? exits the watershed as
surface runoff, while only about
34 % 106 m3 (6.3%) comes from per-
manent surfaces. Some 20 x 10 m?
are contributed by streets, 10 % 106 m?
from roof tops, and the balance from
parking lots, ramps courryards and
the like. At present, 14 million m* of

runoff flows into wastewarter treat-
ment planes via combined sewers or,
during very heavy rains, directly into
streams and rivers through special
structures. In the future, as large a
proportion as possible of these 14 mil-
lion m? as well as of the uncontrolled
runoff of 20 million m?* is planned w0
be diverted, eventually reaching the
groundwater via special infilerarion
systems.

The amount of surface runoff that
can be drained depends on such fac-
tors as soil permeability, slope of the
ground and the location of areas of
groundwater protection. In a grid with
units of 100 m x 100 m, these parame-
ters were measured using geographic
information syscems {GIS). The infor-
mation ‘maps were superimposed on
one another and resulted in a drainage
map of the Toss valley on which the
appropriate areas for infileration could
be identified. Only 10% of the surface
area could be classified as good with an
addivional 18% as moderately appro-
priate. Often good areas for soil drain-
age are congruent with buile-over areas
at the borrom of the valley, thereby
increasing their infilration potential.

The amount of surface runoff
that can be drained into the ground
depends on the degree to which it can
be connected to drainage installarions.
For this reason, various scenarios with
increasing degrees of drainage connec-
tion were used in making our calcula-
tions. Table 1 shows the assumptions
used in the calculations rogether with
the corresponding annual drainable
amounts of runoff.

The importance of the drainable
amounts of warter for water manage-



New Pathways for Rainwater

ment in the area becomes obvious
when compared to the relevant twrn-
over of water in the T#ss valley. Even
in scenario 3, the drainable amount
of runoff from urban areas and roads
remains very modest at 3% of the
total. Only when compared to water
flows within urban areas {e.g,, the con-
sumption of drinking warer and the
production of wastewater) does the
drainable 2amount of runoff contribuze
significantly to the urban water cycle.
Figure 1 represents scenarios 1 to 3
with the amounts of drainable runoff
estimared from fixed surfaces for indi-
vidual sections of the area as well as
for the entire Toss valley expressed as
a percentage of the consumption in
drinking water. Scenario 4 is regarded
as impractical and is not discussed. The
resuits suggest that at most only about
half of the groundwater extracted for
drinking water in the Téss watershed
can be replenished by the artificial
drainage of runoff. It should be em-
phasized that this contribution t
groundwarer recharge, viewed from
the vantage point of a water manager,
can only be attained by implementing
all of the technically feasible possibili-
ties for drainage management.

As the drainage of runoff can only
be effected in new construction . or
through renovations, diverting che
water into such drainage installations
may take decades to realize.” Discon-
necting the precipitation runoff from
public sewers will hydraulically relieve
the sewage system by up to 60% of
its present load and lead o a corre-
sponding decrease in overflows from
sewers with subsequent improvements

Fig. 2

Tipes of roofi investigated: rile roof (Werdinsel), glass fiber

scenasic 1

in the treatment of wastewater. Bur
the money saved by these types of
projects will only be realized when
reconstruction of the existing sewer
system  and wastewater treatment
plants has been completed.

Contamination
of Surface Runoff

With regard to the issue of water drain-
age, it is often assumed that precipi-
wation is only slightly polluted (even
clean) and that any porential contami-
nants are rerained by the soil. Con-
sequently, the potential pollution of
groundwater has usually been assumed
to be very low. Detailed investigations
of runoff from roofs and roads have
shown, however, that substances con-
tained in these types of surface runoff
are subject to strong dynamics: when
it starts to rain, much higher con-
centrations of various conmaminants
can be measured at the beginning of
the evenr as compared with concentra-
tions in the rainwarer later on; this is
called the “first-flush effect”, EAWAG

has carried out investigations of this

middie
{ Tdss,
region

Fig. 1

The amount of infrltrable pre-
cipitation rinoff in comparison
to the consumption of drinking
water in the Tass valley (light
block = scenario 1),

effect on various roof types and has
documented first-flush for various sub-
stances. During-a series of seasonally
varied rainfall events in the city of
Zirich, samples were taken propor-
tional to the runoff from a tiled roof,
a sloping glass fiber roof and a gravel-
covered flat roof, each with an area of
approximately 100 m®. Figure 2 shows
the three types of roofs that were
studied. Additional investigations were
conducted on the runoff from a com-
bination of various flat roofs totalling
5000 m® in the rown of Winterchur
The results suggest that the substances
contained in the runoff from roofs are
typically influenced by the following
paramcters:

* substances accumulated in dry and

wet deposition,
* construction materials in contace
with rainwater,
* the type of roof construction.

Dry and Wet Deposition
in Runoff

Estimates of the annual load of the
investigated parameters of water qual-

roof (Tiiffemoies), gravel flar roof (Tiiffervies).
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Fig. 3
Classification of Sfrsi-flush effects of various
sibstances in runoff from rosfs.

ity show thar the degree of wert depo-
sition is only slightly higher than that
of dry deposition. For chis reason, dry
periods before a rain contribute signifi-
cantly to the concentration of sub-
stances in a roof gurter. Recording
the concentrations of the substances
in relation to the amount of runoff
(1 mm runoff = 1 ¥m?) permits a gener-
alization of their properties. Figure 3
shows typical firse-flush effects with
approximate concentration increases
of 10x compared to the concentrations
in raimwater typical for various anions

(CI, SOF, NO3), suspended matter,

zinc and Arrazine, TOC and lead repre-
sent 2 second class of substances with
up 1o 100-fold increases; these include
the wash out of particulate and col-
loidal matter apart from the dissolved
share. Copper is the only substance
whose concentrations at the beginning
are already up to 1000 times higher
than the amount in rainwater which
illustrares che influence of the con-
struction materials used.

The Influence of
Construction Materials

The enormously increased levels of
copper are obviously a consequence of
using copper gurrers. Figure 4 shows
the copper levels in runoff from roofs
during increasing amounts of runoff;
the difference between the tiled and
polyester roofs with gutrers made of
copper and the gravel roofs without
copper guteers are very obvious. The
high rates of copper corrosion made
further studies relevant on the amount
of copper in current use on the our-
sides of buildings and on the poten-
tial copper flux to the environment
through precipitation. Amounting to
an average of 5.3% of copper surfaces
on roofs and in roof gutters, the toral
area of copper surfaces in conrace
with rainwater amounts to about
410,000 m? in the Tosstal arca. Based
on the rates of corrosion described
in the literature, berween 0.5 and
4 m/year, copper loads berween 2000

and 4000 kg Cu/year were calculated.
The copper load from roof gurters
amounts to ar least 40% of the total
load in domestic wastewater due to
the present use of combined sewers.
Part of the copper flows directly into
receiving waters; another fraction is
bound in sewage siudge, 50% of which
is used in agriculrure. It must be em-
phasized in this context that current
soil management practices contribute
many times more copper than the
distribution of sewige sludge. Copper
loads similar to those from roof runoff
originate from streer runoff, which also
lead 1o the diffuse pollution of soil and
natural waters, When the new drainage
systems are introduced, copper and
other heavy merals from roofs and
screet runoff will probably accumulate
relatively rapidly in the upper layers
of soil.

Another important contribution of
construction maserials to the compo-
sition of roof runoff originates from
bitumen surfaces used on flat roofs.
The herbicide R and S Mecoprop,
released during the hydrolysis of
Preventol, which prevents the growth
of plants on roofs, runs such roofs
in concentrations approximately 100x
higher than that of other pesticides like
Aurazine. Figure 5 shows the course
of Arrazine and . Mecoprop concen-
trations in relation to the amount of
runoff from flar roofs in Wintesthur.
Differences in concentrations and the
wash out behaviors are obvious, Previ-
ous estimates of the significance of

100

—_ ] giass Goer roal n AfS Mecoprop P

) & tile roof = ,-[1 = Atrazine & 5]

= A graval-covered Hal soof é 10 =

= = = P

-2 c %] 5 T i ¥ 1
[l 2 .88 =] Lo

: 8 =  —
g 5 ; ;

L]

8 g 01 b " § < B !M W{Wug
) St e

O 2 L ; B

1 0.01 1 J
o 2 4 ] 8 1% 12 14 16 1] 10 15 20 . 25
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Mecoprop washed from flat roofs
resulted in diffuse loads similar to those
from Mecoprop applications in agyi-
culture,

The Influence of the
Type of Roof Construction

There are significant differences be-
tween sloping roofs and flac roofs
with respect to their quantitative and
qualitative water runoff behavior.
The significantly increased capacity of
flar roofs for accumulating material,
combined with a filter-like roof con-
struction, makes this type of roof
both a “deposit” and often a “sink” for
many substances. Diminished firse-
flush effects, filcration, adsorprion and
biodegradation are all processes which
lead to an improved quality of the
runoff water from flat roofs, depending
on the substances involved. Figure 6
shows a comparison berween the con-
centrations in runoff from a polyester
roof and a gravel-covered flar roof
for a series of investigated parameters.
In the long term, flat roofs or flar roofs
covered with greenery can be expected
to caprure and accumulate pollutants
eftectively.

Qualitative Comparison between
Runoff from Roofs and Streets

Runoff from streets contains sig-
nificantly higher concentrations of
pollutants than runoff from roofs.
Particulate-bound pollution and the

substances released through the use
of vehicles and burning fuel show
especially high levels. A comparison
of the total loads expected from the
degree of pollution and the amount
of roof and street surfaces in the Téss
vailey resuits in higher shares for roads
and roofs of all of the measured water
qualicy parameters including copper.
Nitrate, cadmium, lead and poly-
aromatic hydrocarbons are released
into the environment from streets at
levels that are over five rimes higher
than from roof runoff. Runoff from
roads should be treated with special
precautions if it is allowed to drain
into the ground. Various possibilities
such as using pits filled with humus
have already proven their value in
practice where the concentration of
the pollutants occurs in a contained
space. The often practiced and encour-
aged diversion of runoff over the sides
of roads is problematic because a rela-
tively uncontrolled and very diffuse
accumulation of contaminants may
result.

What is the Fate of Pollutants?

The present day drainage systems cause
the release of substances from runoff
either directly into the environment

or into the combined sewer systems.
Substances which adsorb well, such
as heavy metals, and polyaromatic
hydrocarbons (PAH), adsorbable halo-
genated organic substances, are bound
to particulate phases which result in
their accumulation in aquatic sedi-
ments, in farmland soils, in the soil
of urban areas and along roadsides.
Mobile substances, including several
pesticides, are either degraded in
wastewater treatment plants or enter
the groundwater. As the pollurants
become distribuzed over large areas,
these processes become extremely slow.
Their consequences (e.g., the progres-
sive contamination of fertile soils), is
considered unacceprable in the long
term. If precipitation runoff is to be
drained off into the ground, in the
future there will be several locally
contained sites for the accumulation
of the substances of high rates; for the
more mobile substances, there usually
is facilitated access to the groundwarer.
Investigations of the soil in infiltration
systems for road runoff suggest thas
the accumulation of pollutants mainly
occurs either in the layers of soil near
the surface with a higher content of
fine material or in colmation horizons.
Figure 7 illustrates the depth profiles
of the heavy metals cadmium, copper,
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ol 80 160 150 02100 200 300 40 500 Gn 1 2 3 400
20 204 20+
40 404 40-
60- 60 80+
86+ 80+ 40+
100+ 100 100
1204 120+ 120
1401 : 140+ 140+ E
t i
160 ' 1604 ; 4 .
Ig ‘g 160 =g 165 B Shaft
180 '8 1801 8 8ol B 1864 13 Infiltration
J N 3 4 g 4 '8 i 'y
200 Eﬁ 200 i 0 %8 208 i% Suriace
Iy B B '3 infRration
"2 2 2 2
=3 G -] 'S
'E 'E P E tE
'E B 'E B
‘o ‘e =] =1
Le ' '&’, ' g ¥+
1 J . ‘T 300 R4 i@
51 5 : 5l §1
£ ' £ ' £ ¢ = +
= , S ! £ ! £ ;
¥ =y 1 = v = P
gl g ! Bl g
Fig. 7 !

Acciomularion of heavy metals in the ground under infilration systems for voad runaff in Canton

Basel



EAWAG NEWWS 44 £, July 1998

lead and zinc for pits or shafts which
are about 30 years old and located in
the Canton of Basel. The detection of
significant levels of accumulation of
pollusants in the ground undes drain-
age installations would be documenta-
tion of sesl contamination, but which
would give us little informacion abour
the transport of substances in the pore-
water,

Within the framework of construct-
ing a new drainage installation pit
for the above mentioned flar roofs
in Winterchur, FAWAG installed an
experimental shaft in the pic from
which samples of porewater could be
excraceed, and the vertical transpost
of substances could be monitored.
The pis, professionally construcred
according to technical rules, proved
to be more permeable than expected
according to observations documented
during several rain events. Although
lead and zinc remained in the upper
soil layer, copper, cadmium, Atrazine
and Mecoprop cffected quick and
practically complere breakthrough into
the neighboring gravel, giving rise to
the suspicion that they could penetrate
to the groundwater aquifer.

Figure 8 illustrates the behavior of
Atrazine: rapid, undiluted and bio-
chemically uninfluenced transport to
depths of 1.6 m under the surface
of the pir. This example shows that
coarse-grained drainage sediments and
fluviacile gravel are not secure barriers
for the penetration of pollutants into
groundwater, even if they contain a
fayer of relatively new humus without
significant signs of calmation. The con-
struction of installations for drainage
beg improvements which can retain
such substances and faciltitate more
efficient biodegradation.

Deficits in Sustainability

Apart from the drainage concept which
is being developed, niondegradable sub-
stances that accumulate. (e.g., heavy
metals) are deposited in the environ-
ment by the application jof sewage
sludge on agricultural soils, in the sedi-
ments of natural waters and in the
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Breakthrough of Awazine in a pit drainage
fustallation.

ground beneath drainage installations.
Table 2 shows an overview of the ex-
pected environmental impacts through
combined sewers, separate drainage
systems and infiltration scenarios. The
accumulation in soils and aquatic
sediments will be irreparably damaging
to soil ferrility, result in serious eco-
toxicological concerns in the aquatic
food chain, change ecological balances
and decrease biodiversity. Small organ-
isms (mainly invertebrates), algae, fish
and plants may already exhibiv detri-
mental effects or damage at low levels
or dosages. The only possibility which
can be judged as posing a lower danger
is if the substances are bound to arti-
ficial fandfills ~ as long as they create

no porentially hazardous conditions in
the future. Accumulation in drainage
installacions is also a possible solution,
but implies a potential danger of satu-
ration of the soil and breakthrough to
the groundwater.

The problem of diffuse accumu-
lation of heavy metals in the envi-
ronment is mainly one of no acute
pressure {to date or in the near future)
to decelerate or stop the processes of
accumulation through legal regula-
tions. As the processes involved are
long term, problems may only be
detected after several decades, depend-
ing on the rates of accumulation.
Producers of such substances, as well as
the authorities, rend to judge the risks
involved as low.

As the dependencies (the amount
of substances being used, their rurn-
over and their accurnulation) shown in
Fig. 9 suggest, action should be taken
immediately. The point is not to take
advantage of the scope of accumulation
permitted up to its exact legal limits
or standard levels, but to initiate those
long term practices that will reduce,
replace and prevent the use of these

Diffuse poliution of the atmosphere
(Cd, Ph, Cu, Zn, PSM, eic.}

construction materials
{Cu, Zn, DQG, protection paint)

vehicle parts, fuel consumption
{Cu, Zn, Pb, PAK, elc) ;

/ I

{combined sewers ) (separate sewers

¥

tong term accumuiation in

longterm sediments of naturat waters
accumulation )
in soil violation of
concentration standards
bicdiversity
fertility of soil gcotoxicology
biodiversity natural waters
ecotoxicology sediments
Table 2

N\
) (drainage )
| )

fast accumulation
in drainage instaliations
slow saturation of
drainage horizens

breakthrough into groundwater
through preferred pathways
and oversaturation of drainage

horizons

diffuse ground and GW polfution
soif and GW ecology
guality of drinking water

Deficits in sustainability by the disposal of nrban precipitation rinaff-
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Selematic representation of trends in the wse af
pollutants and the concomitant acewmnlation of
stbstances in the environment,

substances. The graphs illustrate that
even if a pollutant contained in con-
struction  materials is  immediately
taken our of circulation, its accumula-
tion will continue due ro the amounts
already in use; even if replaced com-
pletely, the accumulated amounts of
contaminants will remain constant in
the condition they were deposited in
the environment, 2 problem of concern
for furure generations.

Development towards
Sustainability

Even though new regulations on the

accunulation of pollutants from run-
off have little chance of being ratified
at present, measures remain in place
which depend on the responsible
action of those involved which, in
turn, are based on understanding and
far-sightedness. An effective approach
o the issue requires new partnerships
which reach beyond the traditional
sphere of "urban water management
engineers. Figure 10 represents the
partnerships recently formed on the
issue of construction materials where
measures taken at both the source and
end-of-pipe are being discussed and
options for their realization are being
explored. Similar groups will become
necessary for the fields of traffic and
agriculture in order to develop a com-

prehensively sustainable urban water
management.

Among the general measures to be
taken at the source, reduction in use
and in turnover of polluting materials
and their replacement or banning
should be mentioned; effects of such
measures, however, will only become
noriceable in the long term. For chis
reason, supporting end-of-pipe mea-
sures will also be propagated which
will effect improved localization and
control of the current accumulations
of pollutants, In the case of the infil-
tration precipitation, it has been sug-
gested that the inswliations should
also be constructed as cleansing sta-
tions, not just hydranlically efficienc
conseructions, Current studies being
carried out at EAWAG will show
which porous materials that possess
good hydraulic conductivities and
special adsorbant properties would be
the most appropriate for the localized
fixing of poliutants and the control of
their transport. In order to gain a berter
overview of the sites of accumulation,
communities are urged to keep an up-
dated registry of drainage installations.

Summary and Conclusions

The introduction of drainage instal-
lations for handling precipitation is
a sensible measure in urban water
management if it is applied to as many
urban areas as possible, including
roads. This leads us to the question of
the quality of the runoff from perma-
nent surfaces. The current quality
of roof and road wastewaters suggests
that a flow of unwanted materials is
entering the environment leading to

sanitary installation
plumber

sheet metal
contracior

Lirban water
manager

anviranmanial ecologist

protection ecoloxicalogis!
organisations
. ! matesials
metal suppliers 'liechnologist
Fig. 10

foll’ﬁ(H'ch’?'S i urban water J'JJ(UI(Ig(.’)Ht’Hf.

the diffuse pollution of soils and
natural waters, Here one has to differ-
entiate between classes of substances
which accumulate in drainage instal-
lations beyond the liferime of such
installations and other substances
whose behavior is very moobile and
which enter the groundwater without
special measures. Among the first
group are the heavy metals found in
higher levels in precipitation runoff
(e.g., copper, cadmium, lead and zinc
and organic substances such as PAHs).
The second group includes various
pesticides. The problems of accumula-
tion do not appear suddenly or acuzely,
but are involved in 2 slow process
whose control should start now. In the
long term, it becomes obvious that
environmenially friendly solutions can
only lead to the goal of obraining
sustainable small-scale water cycles by
taking measures at the source. Know-
ing the originarors of the poliutanss in
precipitation runoff, a list of require-
ments for improving air quality and
for the restriction, ban or replacement
of certain construction materials and
vehicle parts as well as materials used in
the maintenance of roads and vehicles
shouid be ser up. Measures raken at
the source of pollution can often take
a long time to come into effect, even if
the individuals and groups involved
are willing — especially in the case of
constriction materiais. It may require
the life span of a building for a change
to take place. In order to effect berter
control of the diffuse pollution from
precipitation runoff, supporting tech-
nical measures such as infiltration
installacions (end-of-pipe) are a pos-
sibility for locally fixing organic pol-
lutants and possibly even for their

biodegradadon. For this purpose, new

types of drainage installations have to
be built which prevent hydraulic short
cuts into the groundwater and which
foresee the use of chemically and
biochemically active filter media. The
sooner such measures are put into
effect, the quicker the disposal of pre-
cipitation water can be integrated into
a new concept of urban water man-
agemﬂﬂ[.
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Annette Johnson and Eduard Hoehn

Influence of
lunicipal Solid
Vaste Landfill

on Groundwater Quality

During the past decades, the number of contaminated sites that are
potentially hazardous for both the hydrosphere and biosphere has
increased dramatically, in Switzerland, as in other industrialized
countrigs. They are estimated to number about 50,000, 5-10% of
which may have to be remediated. The costs of site assessment and
remediation will amount to billions of Sfr. This situation demands the
development of guidelines for efficient site evaluations.

Eduard Hoehn!

C. Annere Johuson’

Objectives

Abour half of the potentally con-
taminated sites in the Swiss preaipine
plateau consist of mixed deposits of
domestic and industrial waste. These
old landfill sites, which may contain
potentially hazardous substances, are
often situated in old gravel pits. In the
same gravel layers, one can often locate

T A A e A

new lined

Boron isolope ratles

O + %o}. - {+9%0)

264500
referance
] groundwater
{:.
RS0
264300 ~

264100 —

isnmpung slles :
i diginage shalls i
i@ oxisting boreholss ;
263900 -1 Ol municipal sofd wasle
landfill compadments

in Winlarihur Rigt

I | I l
TH0008 700200 TOOHD

539800 700800

Fig. 1

Sketch of the location of oled landfill compartments and the sampling sites at the Riet in Winterthur.
Sampling sites for the determination of bovon isptope ratios are indicased as large circles. Fignres
in %o indicate the water sample’ deviation fiom a standard water and enables the determination
of the erigins of the varfous water componeis.

Dashed line = leachate drainages ; line from KBI to G3 = location of the geological profile in Fig. 2.

12

groundwater aquifers that are currently
in use. In Swirzerland, over 80% of the
drinking water is drawn from the sub-
surface. Sites polluted by wastes lying
directly above exploitable groundwater
can threaten this resource [1]. For this
reason, the effects of old landfill sites
on the groundwater qualicy must be
assessed.

In the town of Winterthur, some
700 potentially contaminated sites have
been registered, about 200 of which are
landfills. The total area of the sies
cavers about 3% of the total area of the
town. These figures indicate a probable
pollution of groundwater in the area of
Winterthur whose extent has not been
assessed to date [2]. Within the frame-
work of the priority research program
of EAWAG, the goal of the investiga-
tion has been to assess the long-term
hazard of old fandfill sites in Winter-
thur using the Riet site as an example.
Qur aim has been to determine the
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Aria Amirbabman, Adrian Anmann, Peter
Huggenberger®, Viigy Matta, Michael Nay,
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tong-term risk of pollutant release o
the aquifer and to assess the need for
remediation according to the guide-
lines of the recently proposed contami-
nated site ordinance [3]. With this
study, we have aimed to create a con-
ceptual basis for the assessment of old
landfill sices in general and to apply our
knowledge to assess the movement of
contaminants  from  Winterthurs
former landfill sites into the subsurface
in particular.

Our objective has been met by a
“derailed investigation”, which, in
compatison to a “preliminary invesd-
gation” proposed in the aformentioned
ordinance, is based on an investigation
on a much finer spatial- and process-
oriented resolution. The extent of the
investigation muse be weighed against
the expense and urgency of the reme-
diation. The more efficient the in-
vestigacion, the berter the financial
investment. A detailed investigation
consists of several stages for the pur-
pose of acquiring data:

1 data gathering

sensitlvity analysis

2 data evaiuation
uncertainties
risk algorithm

detailed investigation

= geophysics

. drilfing

3 | = placement of piezometer

= hydrological studies, esp. trager

= model calcutation

= chermical concentrations and loads

Herations

v

4 longterm evaluations
of the old landfill sites

A sensitivity analysis for estimating
parameter values and the uncertainey
of data can be carried out according

1w the method of Abbaspour et al.

[4); using a marhemarical algorithm,
the quality of the collected data can

be evaluated. Under cerrain circum- -

stances, the resubts of the sensitivigy
analysis may mean that more data must
be acquired.

The Riet site in the nostheast of
Winterthur was of special interest o
us because the town of Winterthur
has disposed a significant proportion
of its wastes in this location for over
70 years. We wanted to find answers to
the following questions:

@ Do the old fandfill sites pose a threat
to the groundwater, and if so, by which
substances? How quickly and to whar
extent can contaminants move in the
groundwater aquifer and reach the
adjacent Wiesendanger Feld?

@ Is it sufficient to monitor the sites
or must they be actively remediated?

© What criteria can be used to assess
the long-term behavior of these former
landfill sites? How should old land-
fill sites contining largely untreated
domestic waste assessed in general?

The Site

In addition to the contemporary lined
landfill compartments at the Rier site,
there are four compartments with old
unlined deposits (see Fig.'1, Site L:
1918-1925; Site iI: 1925-1935; Site
II: 1950--1960 and the multicompo-
nent landfill compartmens, MKD:
1960-1990). The old landfili sites
I-HH consist of domestic waste filled
into old pear pits up to 3 m deep.
East of the old landfill III at a depth
of 3~10 m, the subsoil consists of
very permeable gravel-sand deposits
increasing in thickness towards the
east; this section is located ar the edge
ofa utilized groundwater aquifer in the
Wiesendanger Feld. Preliminary tech-
nical and historical investigations have
shown that the old landfill sizes release
contaminants into the groundwater.
Because of these results, the Cantonal
Department for Whastes, Water, Energy
and Air (previously AGW, now AWEL)
ordered the monitoring of the leachare
and groundwater in the vicinity of the

sire in 1994,

Procedure

Our detailed investigation of the
former landfills required two years
and encompassed a detailed survey of
the site as well as extensive chemical
analyses including the following:

@ Electromagnetic measurements pro-
vide an overview, are inexpensive and
nonintrusive (EM31).

© Drilling cores for the derailed inves-
tigation of the subsoil and for marerial
sampling. Practically undiscurbed air-
tight core samples were taken of mate-
rial from the noncohesive gravel-sand
layers using an inner plastic liner. These
were subsequently analyzed in the lab-
oratory {[5]; see top right photo on the
title page of this journal).

2 Groundwater observation well liners
were placed into the boreholes for
the purpose of sampling leachate and
groundwater from various depths.

© Chemical analyses of marterial and
water samples for the estimation of the
behavior and transpore of substances.
o A water balance, a groundwater
model and tracer studies were carried
our in order to estimate the transport
and for estimating loads of potential
groundwater contaminants.

Results of the Preliminary
investigation

Using the geophysical method EM31,
the boundaries of the old landfill sites
were more precisely delineated than
on existing maps. The heterogeneity
of the landfilled material could be dis-
cerned by areas with higher electrical
conductivity in the old landfll T [6].
We expected that in such areas the dara
would correlate with the composition
of the old deposits. Qur new wells
enabled a much finer resolution of the
geological and hydrogeological situa-
tion of the subsoil than had previously
been -possible (see, e.g., Fig. 2). The
water balance showed that only =
small fraction of the rainwater reaches
the groundwater; most of it is drained
off by old drainage systems placed un-
der the old landfill compartments [7].
A new tracer method using boron

13
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Fig. 2

Geological profile of Comparements L and | indicated in Fig. 1(; ‘weological succession: w = artificial

Pl b = bumus; g = gravel-sand; ¢ = moraine; p = boreholes; fine lines next to the bovehole profile =
groundwater ebservation pipes, dasted section = screened section; thick lines on borh sides af the
borehole profiles = practically undistrbed swmples exiracted with a liners; question marks = further
course wacertaing dash-dot line » groundwater rable,

isotopes allowed the identification of
water of different origins in the
groundwater (most likely leachares
of different compartments of the old
landfill). Leachases from the old land-
fill 11 (shaft S15), leachates from the
old landfill HI (well KB1) and ground-

DOC, mgh

chloride, mg/l

e total N, mg#

Cu, pgfl

Zn, paf

aerobic
{reference}

MKD 1t I

Fig. 3

Concentrations of DOC, chloride, Tor-N, Ci,
and Zn in leachates af Comparsiments I, I
and MKD, site as compared to the groundwater

from the Wiesendanger Feld (RS70).
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water from upstream areas (e.g., well
RS65) flow in the groundwater in the
direction of well RS69, where they
are detected as a mixture of all three
water bodies (Fig. 1; [81). In the area
of old landfill III, the results of the
groundwater flow model [9] showed
a deviation of about 30° towards the
southwest compared to the flow direc-
tions of the groundwater estimared
in preliminary investigations. A small
amount of groundwater originating
from the old landfill Il probably mixes
with the groundwater aquifer of
Wiesendangen when the groundwater
rable is high. This result supports our
interpretation of the boron isotope
ratios.

Results of the
Geochemical Investigation

Geochemical composition of the
groundwarers: In Wiesendanger Feld,
east of the Riet area (sampling site
RS70), the groundwater was not
affected by the old landfll sites. Its
compoéition {oxygenated, hard waters)
served as a reference for the evaluation
of the contaminated leachates and
groundwaters.

The contamination of the leachates
in the old landfill sites I-II1 and the
groundwaters in their vicinity {con-
centrations and loads) with pollutants
such as salts, inorganic compounds and
heavy metals, was significantly lower
than that of leachates from the MKD

compartment and from the compart-
ments of the landfill site currenty in
use. The main source of groundwater
contamination originates from the
microbial oxidation of organic material
as well as from the naturally occurring
remains of peat pits. In the absence of
oxygen, microbes make use of other
electron acceptors for the degradation
of organic matter, resulting in the
reduction of nitrate, manganese, iron
and sulfate. Figure 3 shows the dif-
fering concentrations of a selection
of inorganic parameters in the leachate
of the old landfill compartments.
With the exception of Zn and As {not
shown), concentrations are highest in
leachates from the MKD compart-
ment. There is a clear ensichment of
zinc (Zn) in the leachates of the old
fandfill 11 and arsenic in the old landfill
111 (60 pg/l in comparison to 27 lig/l in
MK leachate and 2 pg/l in leacharte
from Site 1I}. In order to determine
the reason for these differences in con-
centrations, it would be necessary to
conduct analyses on the solid phases
in the landfill.

The contamination of the ground-
water can also be estimated as loads,
measured in kg/day, i.e., as flow rate
in m®/day times the concentration in
kg/m?. The groundwater flow through
the Wiesendanger Feld («eferencer
in Fig. 3) at approx. 20,000 m*/day is
abour 100 times higher than the flow
of groundwater through the area of the
MKD and old landfilt IL I the concen-
trations of dissolved organic carbon
(DOC), as shown in Fig. 3, are 5-10
times higher in old landfill II than in
the area of the groundwater reference,
this would mean an increase in the load
of 10—20%. For this reason, we assume
that the extent of the reduced ground-
water plume is limited ro a relatively
small reactive margin downstream: of
old landfill I. Quiside this region, the
congaminased groundwater mixes with
oxygenated groundwater which does
not flow under the old landfills, This
behavior was demonstrated clearly in
the boreholes which had been sunk out
from the old landfll II diagonally

along the originally assumed flow
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direction in the preliminary survey
[10]; the concentrations of chloride or
sulfate, for example, decreased sharply
outside old fandfill site I11.

Long-term Behavior

The decision to ke remedial action
depends, among other things, on the
evaluation of the temporal develop-
ment of concentrations and loads of
potential contaminants leaching into
the environment. In order to estimarte
the long-term behavior of deposits in
a former landfill, information on the
composition and reactivity of the
deposited materials is required. These
two factors derermine how quickly the
concentration of a pollutant decreases
or whether changing biogeochemical
condirions might lead to an increase
in the contaminant load. A decrease
in both concentrations and loads can
be expected for most compounds as a
function of time and leaching rate;
however, where geochemical condi-
tions change (e.g., redox reactions),
there is a possibilicy that organic sub-
stances are no longer degraded or thar
heavy metals are more mobile.

Composition of Deposits
in an Old Landfill Site

The determination of the composition
of old waste deposits is difficult because
of heterogeneity and the usual lack
of historic documentation. In most
cases, only random samples are zken
for financial and operational reasons.
In the old landfill Il ar the Rietsite, for
example, six composite core samples
(0.3 to 2.0 m) have Zn concentra-
tions varying berween 0.07 to 1.2 g/kg.
There is no direct correlation to
electrical conductivity measurements
(EM31), no correlation to dissolved
concentrations and no way other than
sampling and analysis to determine

the overall Zn content of Site 111, The

confidence in data can be improvéd
by soil statistical methods, bur rthis
means taking hundreds of samples
because the composition of the old
deposit must be characterized as a

funcrion of area and depth {4]. Even
then one can assume that some sub-
stances remain undetected,

An historical literature survey can
be used to understand of the cantents
of old municipal solid waste landfill
sites [11]. In this century, the amount
of waste has greatly increased, and its
composition has changed dramarically
(12]. At the beginning of the century,
50% of the domestic waste still con-
sisted of ashes; the rest was mostly
compostable material (see Fig. 4). In
time, the amount of ash and com-
postable material decreased, and the
complexity of the wastes increased.
Not only were different categories of
wastes, such as plastics, landfilled, but
the diversity of chemical components
increased as well. Since the 1960s and
1970s, municipal solid waste Is inciner-
ated and deposited as ash.

The concentration of compounds in
feachates from inorganic wastes like
ash .mainly depends on the type of
waste and the rates of the leaching
processes. Leachate from wastes con-
taining organic marerial can be ex-
pected o be reducing and to conzain a
palette of organic compounds (mainly
in deposits since 1950). The leaching
processes depend on the redox con-
ditions. With this basic information
alone, it is already possible to assess
the content and the likely influence
on groundwater quality of the various
compartments at the Riet site.

Reactivity

Reactivity can be understood as those
processes occurring within a fandfill
body that control long-term emissions.
On the one hand, it depends on che
composition of the waste; on the other,
on the biogeochemical properties of
the leachable substances. The reactivicy
of the older compartments ar the Riet
site could be determined by the redox
state of the leachates and groundwarer.
Analyses of redox species (see Fig. 5)
have shown that in and downgradient
from Site III, the concentrations of
DOC and especially of reduced iron,
Fe(ll), and sulfide, S(-II) are clearly
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Fig. 4
Sketch of the amoronts and probable composition
of wastes lanelfilled at Riet as a function of tivme.

greater than that of the aerobic ground-
warer of the Wiesendanger Feld. In this
area, methane is also detecred, indicat-
ing thar methanogenic conditions exist
at least focally. Within the area of old
landfill site [, neither oxygen nor dis-
solved Fe(II) or SC-II) could be detect-
ed. Suboxic conditions can be found
here as a consequence of the mixing of
leachate waters from the old landfill
sites I and III with the groundwater of

the Wiesendanger Feld.
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Transformation of compounds in a laborasory
madel of a landfill redox plume. Componnds
are run through fonr columns (lefi 'to right)
simulating meshanogenic, SO, reducing, NO;
reducing  and  oxygenated  gronndwaters,
Changes in concentrations indicase rransforina-
tigi processes.

Analysis of the solid phase at Sites
and 111 indicares that Fe oxides are
present in lower concentrations and
that sulfide (probably FeS) concentra-
tions are enhanced in comparison with
the aquifer material from the Wiesen-
danger Feld. Since suboxic conditions
today prevail as Site [, the condicions
must have been more strongly reducing
in the past [10]. Thus, che analysis of
the solid phase of material from old
fandfill sites provides an indication of
changes in geochemical conditions of
an old landfill in the past.

The degradability of many organic
compounds depends on redox poten-
tial. Nay et al. {11] have shown in their
recent study how tetrachloroethene is
degradable under methanogenic con-
ditions (Fig. 6), while acrobic condi-
rions were necessary in order to de-
grade naphthalene. Compounds such
as 1,1-dichloroethene were shown to
be only minimally degraded under
either condition according to their
study. These compounds could rot,
however, be detected anywhere or at
any time at the Rier site.

Emissions and
Long-term Evaluation

Figure 7 qualitatively illustrates the
development of leachate concentra-
tions from a municipal solid waste
landfili [13, 14] with time. Methano-
genic conditions, accompanied by the
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emission of methane, carbon dioxide
and other gases, are rapidly established
and lasts for the fisst several decades. At
the same time, emissions of different
compounds are expected via leachates.
Leachates from fresh municipal solid
waste landfills are characterized by
high concentrations of organic carbon,
ammonium and salts, a lack of dis-
solved oxygen as well as an almost
unlimited supply of organic com-
pounds. Concentrations of heavy met-
als, such as Cu or Zn, usually remain
low due ro the formation of insoluble
meral sulfides. Under oxic condicions
and at favorable pH values, heavy
metals may be released; however, as
long as CaCOj is present as a buffer,
the maobilicy of heavy metals is low.
The waste materiab ar Sive II has such
high CaCOj concentrations (berween
10 and 40 weight %), that it would
take several thousands of years to be
leached out.

The situation at Rier is summarized
in Fig, 7. There is a definitive correla-

tion berween age and leachate con-

centrations in most components, The
redox parameters also indicare thar
compartments [ and Il are not very
reactive, while biodegradation pro-
cesses are still active in Sites 11T and
MEKD. Thus, the emissions ar Sites [
and 11 are close to environmentally
acceptable levels, while the remporal
development of compartments il and
MKD requires monitoring. It should
be noted that the temporal develop-
ment of each compartment depends
on the waste composition and cannot
necessarily be compared directly.

Costs
The BUWAL (Federal Office for

Environmental Protection) estimates
the costs for the derailed investigation
of a former landfili to be abour
SFr. 250,000. [1]. Our detailed investi-
gation, lasting two years, amounted 1o
rotal expenses of abour SFr. 400,000,
including both field and laborarory
work. The town of Winterthur con-
tributed SFr. 79,000 towards the study,
for which we would like o express our

MKD i

concentration

elVi anmenflé) y-compalible load

2iah dat e intals Ealai s ket
\-'w_

ime {logarithmic)
Fig. 7
Representation of the long-term emissions from
mnicipal solid waste Iandfills ace. 10 [12, 14]

and a qualitative assessment of Compartmenis I,
11 HI and MED.

chanks. The relatively high expendi-
rures can be explained by the interests
of a research-oriented investigation,

Conclusions

What is the risk of contamination of
the groundwater through the unsealed
old landfill sites I, II and I1I? With the
exception of zinc and arsenic, we found
no levels of pollutants in the leachare
and groundwater that would warrant
intervention by the authorities. For
this reason, we can also guarantee the
long-term utilization of the ground-
water from the present carchment
installations (not drinking water) in
the Wiesendanger Feld. The projected
costs of several hundred thousand SFr.,
which a remediation of the old landfill
sites I—1H would entail, are dispropor-
rionately high in our opinion.

We regard old landfill sites con-
taining mainly domestic waste from
the 1950s and before as presenting, in
general, a smaller problem for ground-
water than more recent landfills. An
hiscorical investigation may prove use-
ful in such cases {acc. to [3]).

The monitoring concepr for the
protected groundwarer resource of the
town of Winterthur has the potential
for widespread application. In our eval-
uation of the former landfill sites I-11},
we assume that groundwater monitor-
ing by the authorities is being modified
to both obrain greater resolution and
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in consideration of our results con-
cerning the compounds involved. As
to the merals mentioned above, an
investigation of material from the cor-
responding old landfill sites would
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EAWAG Loses a Show Piece

Maintenance of the algae collection at
EAWAG, consisting of approximarely
300 pure cultures, has recently been
discontinued for budgetary reasons.
The collection was initiated by former
EAWAG director Prof. Otte Jaag and
later expanded by Dr. Alfons Zehnder,
a high school teacher. For years, Dr.
Zehnder donated his time to isolate
and maintain algae and cyanobacreria
from all over the world. He brought
back a number of specimens from his
travels abroad (e.g., Nepal) and then
developed nutrient media appropriate
for each. The pure cultures had o be
continously transferred to new fasks in
order to be kept alive. The collection
was small by international standards,
bur rreasured because it contained a
number of rare and special species with
well-documented isolation histories.
Each year, 50-100 cultures were used
in teaching and research, for practical
demonstrations and in scientific ex-
periments.

Dr. Marianne Bosli-Pavoni, a former
collaborator of Prof. Jaag, graciously

.and dedicasion.

ok over culture maintenance follow-
ing the untimely® death of Alfons
Zehnder, She familiarized herself very
quickly with the culturing rechniques
and kept the culeures alive with much
love and dedicarion. Since her appoint-
ment at 20% tdme was insufficient
to accomplish the work needed for
maintenance, she generously donated
her time. She even agreed 1o continue
working after her retirement, One of
her last tasks before leaving her posi-
tion was to dissolve the collection and
find new homes for as many cultures as
possible, The majoriry of taxa were sent
to Kaiserslautern, Germany, We take
this opporeunity to thank Dr. Bosli-
Pavoni for her many years of hard work

While an archive for biodiversity
had to be abandoned here, scientific
interest in algae is as strong as ever,
for both medical and toxicological
research. Algae produce compounds of
interest to pharmacologists, or can be
used in molecular and physiological
experiments because of their unusual

metabaolic capabilities. This work often
requires the use of a number of pure
cultures as one would find in an algae

collection. Hans-Rudolf Biirgi
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Peter Ulmann and Rainer Zuh
T Universitir Minster, Zoologisches Institus,
Hiifforstr, 1, D—48149 Miinster
2 Forchsre 143, 8032 Ziirich

Bhave the weir at Freienstein -
{12 species of fish):

Chub, brown trout, minnow, Prussian carp {Carassius
auratus gipelio}, bulthead, gudgeon, pike, roach,
tench, stone foach, spirlin, three-spined stickieback.

Belaw the weir at Freienstein
{23 species of fish):

Eel {Anguilia anguitia), chub {Levciscus cephalus),
grayhing {Thymalius thymallus), brown trout (Salmo
trutla farig), barbel {Barbus barbus), minnow
{Phaxinus phoxinus}, perch (Perca fluviatlis),
bullhead {Cottus gobio), gudgean
{Gobio gobio}, dace {Leuciscus
leuciscus ), pike (Esex fucius), bleak 4
{Atburnus atburnus), nase {Chong-
rostoma nasus, feft}, rainbaw trout
{(Oncorhynchus mykiss), roach [Putitus
rutilus), tench (Tinca tinca}, stone loach -
{Barbatula barbatulal, spirfin {Albur-
ngides bipunciatus), pumpkinseed sunfish
{Lepomis gibbasus), three-spined stickleback
{Gasterosteus aculeatush, sovfie {Leuciscus souffia,
right], burbot {Lota lota), catfish (Silurus glanis).

s

Fig'1

Species of fish present below and above the weir
at Frefenstein, The species in italics are protected
under the Convention of Bern,
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Armin Peter and Tom Gonser

The Toss as Habitat

The ecological condition of the Téss was analyzed from its mouth at
the Rhine to its source with an emphasis on habitat and the compo-
sition of fish species. Special attention was paid to the connectivity of
the habitat and its condition. The ecological situation in the Linsental
near Winterthur was studied in more detail.

Systems Analysis

An analysis of the river system in an
area is necessary in order to assess its
potential for restoration. The following
analysis is based on ecomorphologic
studies along the entire lengeh of the
Toss including several triburaries [1],
supplemented by biological investiga-
tions of the fish. The most important
ecomorphologic parameter, the con-
necvity of the habitats, is discussed
below.

In order to assess the current con-
dition of a lotic system, its ecological
integricy must be evaluated [2]. This
includes:

@ its chemical integriry (water quality),
© its physical integrity (habitar struc-
ture, discharge dynamics},

© its biological integrity {genes, popu-
lations, communities, landscape}.

Analyzing Longitudinal Connectivity

In the Téss, a toral of 568 artificial
constructions may be counted along its
total length of 59.7 km, in comparison
to only 35 natural barriers. The average
free-flowing reach of river is only
99 m in length. In Fig. 2, the existing
barriers to migration 22 m are shown.
The species of fish living in the Tdss
have been analyzed with respect to
these impassable barriers. Their effects
on fish fauna have been Hlustrated
using the example of the first 6.5 m
high weir near Freienstein (Fig. 1). In
the 4.6 km Iong, mostly natural strerch
between the river's mouth into the
Rhine and the weir, there are 23 species
of fish. These were probably also
present above the weir before it was
built {a near-natural stretch of 3.3 km).
To date, only 11 of these species can
still be found above the weir (along
with one new species, the Prussian

carp). Five of the next seven high
obstructions contain fish ladders; how-
ever, all of these ladders were built for
fish which could leap well and do not
function for small fish species.

Condition of the Habitat and Ogcurrence
of Fish Species

The Téss can be divided into four
sections:

o I section

mouth of the Téss into the Rhine to
reach no. 7 (below Pfungen}, 7.9 km
in length.

Characteristics: habitat mostly near-
natural, 24 species of fish present (12
species above Frelenstein)

o 2 seerion

below Pfungen to reach no. 17 (the
beginning of the Linsental}, 10.1 km
in fength.

Characteristics: monotonous habitag,
land-water interactions lacking, seven
species of fish present. Several species
are missing as a consequence of the
homogeneous habirat. '

® 3 section

reaches 18 and 19, Linsental {5.75 km
long)

Characteristics: habitats monotonous,
lacking land-water interactions, four
species of fish present (high abun-
dance: bulthead; average abundance:

-brown trous; low abundance: minnow

and stone loach). The low abundance
of minnows and stone loach-is a con-

sequence OFEhE MOonoionous CONstruc-

tions in the river. The 143 ardficial
obstructions (maximum height 50 cm}
are barriers to the migration of these
small fish species.

o 4 section .
above Linsental to the rivers source
(38.8 km long)



The Téss as Habitat

Fig. 2

_artificiat migratary barriers
natural migratory barriers

Pl

i

Cutchment avea of the Tiss, acc. to [1]; migratory barriers 22 m have been added. F indicases that a fish ladder bas been built by the corresponding
migratory barvier, The mumbers 1-50 designate the reaches of the ecomorphology study.

Characteristics (withour the source re-
gion): extremely uniform reach of river,
monotonous habitats, lacking land-
water interactions. The four species of
fish present (brown trour, minnow,
bullhead, stone loach) only occur in
low densiries. This is mainly due to the
mosnotonous obstructions and the use
of the river for hydroelectric power,
bur is also due o naturally occurring
dry spells. The connecrivity for fish is
not indicated, as chere are 332 artificial
rransverse obstructions {the reach of
free flow being 117 m).

Lateral Connectivity

Special habitass (such as side channels
or oxbows connected to the Téss only
during flooding) are very differens
compared to the Téss iwself, e.g., in
fiow, temperature, chemistry and diver-
sity. These very valuable fish habitats

el

Fig. 3
Aerial photo of the Tiss in the Linsen vatley.

{i.e., habirat for young fish, overwin-
rering zones) possess a high density of
biomass and are colonized by special-
ists which contribute to a relatively
high level of biodiversiry.

The Lack of Tributary Connectivity

The eriburaries of the Toss usually flow
abruptly over a bed drop down into the
Tiéss; connectivity is lacking, There are
no opportunites for the immigration
of small-sized fish species (the bullhead
being the dominant species). In the
upper reaches of the Tass valley, eighr
tributaries have been analyzed [3]. Six
triburaries are already impassable by
small-sized fish species where they flow
into the Téss; one stream is only pass-
able along the first 100 m; another
stream for only the first 200 m.

Summary of the Deficit Analysis

© The longitudinal connectivity is
strongly inhibited in the Téss (568
arrificial transverse constructions}.

© The cributaries are extremely dis-
connected.

® The Téss is being heavily used for
hydroelectric power; 17.5 km (30% of
the entire length) are reaches of residual
water; in 11 of 15 locations, no mini-
mum flow is guaranteed.

© Only a few nearly-natural reaches of
river still exist {(a maximum of 13% of
the entire length). :
© Except  for the nearly-narural
reaches, the fish habitar in the Téss is
extremely monotonous (lacking vari-
ability in both depth and structure).

@ Lateral connectivity is practically
absent.

© The fish fauna is strongly impaired
(species diversity, density).

@ Biofilms, which effect the self-purifi-
cation process in the river, are swept
away cven by small floodwarers in

massively engineered reaches of the
Toss. '

In short, the intense use of the river
and the constructions on the Téss 4re
not withoutr consequences to its eco-
fogical status. The management of the
Téss region cannot be regarded as
sustainable, and its future ecological
integrity cannot be guaranteed.

A comprehensive improvement of
the habirats of the Toss should be initi-
ated. The best way to achieve this goal
is to re-establish links (increase fongitu-
dinal connectivity) and by guarantee-
ing minimum flows.

Ecological Deficits
in the Linsental

At first glance, the Linsental seems to
be in a nearly natural condition; a
closer look, however, reveals the Téss
heavily obstructed nature (Fig. 3). The
shores are reinforced and force the river
into a 20 m wide channel. Due to the
resulting accelerated flow and a general
lack of debris inpur from its carchment
area, the Téss has downcut the stream
bed. In order to prevent a further
sinking of the river bed, transverse
bed steps have been inserted every
30-40 m. As the entire river at the
present time flows in a fixed sunken
channel ~ even during flood condi-
tlonis — its interaction with the sur-
rounding land is missing, and there
are no dynamics of fluvial morphology.

The disconnection of the river with
the surrounding land has far reaching
consequences for the riparian vegeta-
tion. The latter is monoctonous in
structure (Fig. 4) because it is not
periodically disturbed by floods and
renewed, This means that there 1s no
successional diversity of pioneer com-
munities nor periodically fooded
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woods of various ages. The vegeration
is also unexposed to periods of inunda-
tion through flooding or high ground-
water levels.

The surrounding land has a negli-
gible effect on the morphology of the
river which, in turn, has negative con-
sequences for the development of
aquatic habitats. Exposed gravel beds,
hollowed-out shore lines and levees,
a river bed of variable width, woody
debris structuring the river bed and
meandering side channels are all lack-
ing. Most notably, there are no smali
bodies of water separated from the
river on the flood plain such as oxbows,
disconnected branches of the river or
spring brooks of varying connected-
ness to the river and groundwarer. Such
bodies of water possess a thermal
regime different than that of the main
branch of the river and usually flow
much more slowly. They provide
habitat for a very different spectrum
of organisms and are very important
for the biodiversity of the fluvial
landscape. For example, natural springs
possess a fauna adapted to relatively
stable conditions. In a rivers side
channel, many animals can be found
which prefer calm waters; opportunis-
tic species which fly in from the out-
side can also find appropriate habitat
{e.g., species of many insects). The
ponds in such flood plains are also
essential habitat for amphibians which
are one of the most endangered groups
of animals in the region.

The Early Toss

Old maps drawn before the obstruc-
tions on the Téss were buile clearly
show that the river used to be richly
branched, that it possessed a high
variability in width and that there were
natural springs, side channels, oxbow
ponds and vegetated accrerion islands
on a broad ailuvial plain. The hetero-
geneicy of such a fluvial system (shown
in Fig. 5) with its various aquatic habi-
tats and plant communides az various
stages of successional development
can only develop through dynamic
interaction between the river and the
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Fig. 4
Schematic mansverse profiles along the Toss in
the Linsental today.

surrounding land. As the Téss kepe
changing its course, over time, it occu-
pied the entire width of the Linsental.

Ecological Importance
and Implementing Restoration

The Linsental, a wooded area withour
houses or agricultural land, seems w
be ideal for letting the Téss flow more
freely again. Permitting it to restructure
itself narurally would help many small
invertebrates, amphibians and birds
to find appropriare habitar, which at
present are nonexistent or practically
so. This would be very valuable for
the biodiversity of the entire Téss area
and its landscape. This local measure
would, however, be of no importance
to many species of fish as long as their
migration is hindered by high bed
steps.

How much space are we willing 1w
allow the restored Toss? Enough space
should be given for the development
of naturally occurring habitats. A re-
turn to a near-nasural scare should be
directed towards allowing the natural
structuring  processes to take place
again; i.e., the river “does the work”.
This entails the first step of removing
reinforcements from the shores so that
floods can sculprure the fluvial area
in diverse ways; however, this proce-
dure demands a long term perspective.
Only during the course of many years
will the various habitats and diverse
stages of ecological succession be able
to develop by themselves. The static,
constrained river should be able 1o

develop into a dynamic river in control
of itself.

Fig. 5
Diagram of transverse profiles along the Toiss in
the Linsental around 1816,

Purposeful Restoration Brings
Knowledge

The restoration of the Téss would
result in far more than an increase
in ecological value. It would also be
a project from which we could learn
with implications reaching far beyond
the region. In combination with other
interests (e.g., flood control, drink-
ing water supply, recreational value),
measures can be formulated which im-
plicitly conuain predictions or hypoth-
eses. These predictions as well as the
time frame (i.e,, the time by which
certain successes are expected) should
be clearly stated. After an appropriate
time span, the degree of success should
be evaluated as a direct function of
the measures that were undertaken. If
the conditions thar the project was
striving for did not manifest them-
selves, then the measures should either
be strengthened or new ones should
be formulated and implemented. If
the expected results occur, the project
can be regarded as a success, and the
knowledge gained can be transferred
to the restoration of other narural
systems.

{1] EAWAG und BUWAL (1995} Anicitung zur
Beurteihung der schweizerischen Flivssgewds-
ser. Okomorphologie, Hydrologic, Fischbiole-
gie. Entwurf Endberiche,

[2] Kar, J. R and D. R, Dudiey, (1981): Eco-
logical perspective on water quality goals.
Environ. Manage. 5: 55-68.

[3] Tunesi, E, (1996): Siwationsanalyse der
Flicssgewiisser im oberen Tésstal. Diplom-
arbeit Abteilung fiir Urnweltnaturwissenschaf-
een, ETH Ziirich, 135 5.
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Fig. 1
The experimental site in the Linsental (circles in the left picrire = groundwater wells).

Eduard Hoehn

Eduard Hoehn
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In the Linsen Valley (Linsental) near Winterthur, the authorities are
planning to revitalize the canalized Téss to itsa near natural state. In
this section of the valley, groundwater is withdrawn for drinking water
by the city of Winterthur. These two very different uses ultimately lead
to conflicts in land-use conflicts. EAWAG is contributing to thea
solution of such problems by carrying out investigations at an experi-

mental site in the valley.

The Linsental south of Winterthur
is about 3 km long and is 2 completely
wooded section of the Toss Valley.
Photographs from the last century
show a branched river system of the
Toss in this part of the valley (see
EAWAG news 39, ride page). Ac
present, the river Tass flows in chan-
nels with dams and is cut off from the
surrounding land. The water of the
river Toss is clean. The valley is about
100-200 m wide. The sediments of
this section of the Toss consist of sand
and gravel. At a depth of abour 5 m,
a groundwater stream 10-20 m thick
flows through a very permeable sand
and gravel aquifer. The river loses water
in several locations to the subsurface

| old GW-

observation
wells

and recharges the groundwarer. The
groundwater is of good quality and is
withdrawn in a sustainable way from
wells. It is used by Wingerthur {SeWW)
without treatment and supplies a con-
siderable portion of the city’s drinking
water,

The Questions

The Cantona! Department for Water
Pollution Contrel and Construcrion
(AWEL) plans to revitwlize the cana-
lized river to its mear natural state in
certain reaches of the Linsental. Bur
how will the river bottom change
when the river Téss flows unhindered?
In what ways could drinking water
wells become contaminated in the
process’ To answer such questions,
particularly those concerned with the
potential for infiltration of pathogenic
bacteria, changes in water quality need
to be predicted. For this reason, an
experimental site has been selected with
the goal of estimating residence times
of both the groundwater and infiltrated
water as well as betrer understanding
mixing phenomena. A hydrogeological
investigation of this experimental area
included

a) geophysical studies (geo-radar} at two
sites, one with observed exfiltration of
the groundwater to the river, and one
with assumed infileration of the river to
the groundwater; and

&) the construction of groundwater obser-
vation wells oriented along flow lines,
as well as pipes driven in the river bed
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The Linsen Valley — Both Drinking Water Resource and Natural Habitat
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Residence times of the water infiltrating from the rviver Toss along an
assumed gromndwater stream line; in winter, the groundwarer residence
simes are Jouger than in summer (for derails, see [2]).

of the Téss {screened sections at various
depths).

The hydrological study included
the use of naturatly occurring isotopes
of inert gases (*He, **Ne and ***Rn)
and numerical modeling of ground-
water flow. In close cooperation with
the City’s Water supply (StWW) and
AWEL, the results of this study should
form the basis for the decision-making
pracess regarding revitalization of the
Tdss.

An interpretation of the radar signals
together with geological data showed
structures in the subsurface of the
experimental site which allowed us 1o
assume that the river's behavior was
very “wild” in earlier times, depositing
huge layers of gravel and sand during
fiood events [1]. Core inspections from
the drillings corroborated data from
the georadar survey and permitted the
identification of a few less permeable
layers located at greater depths. Further
downstream, the groundwarer gradient
suggests possible infiltration, but only
10 2 {imired extent.

Groundwater Residence Times

Measurements showed that there were
significantly fewer fluctuations  of
groundwater temperature than of the
water of the river itself. “Older”
groundwarter has an almost constant
remperature. A simple water balance
model of the Linsental allowed us to
estimate the average residence time of
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Téiss Riven,

the groundwater to be about 200 days.
Using concentrations of helium and
neon in samples of the ground and
surface waters from downstream bore-
hole sites, the groundwarter age was
calculated to be in a similar range
(Fig. 15 [2, 3]); radon concentrations
of 25312 Bqfi {n=18) in the wells sug-
gested a residence time for the ground-
water of ae least 20 days. In the pipes
driven into the river bed, the radon
concentrations at a depth of 0.5~1.0 m
ranged between 2 and 20 B/l suggest-
ing a narrow zone of mixing between
river water and “older” groundwater
(Fig. 3; [21}. Using hydrogeologic data
from this and previous studies in our
groundwater flow model produced
groundwater residence times which are
comparable to both those estimated
from the water balance and those cal-
culated using the inert gas tracers [3].

Limits to Revitalization
of the River Téss

Efforts to revitalize the River Téss
means that the river should be aliowed
to recreate its bed through erosion and
redeposition. But how high will the
risk of groundwater contamination be
for the water supply ageacy? In a study
carried out by StWW, sections of the
river were identified in which river
water infiltrates to the groundwater at
residence times of probably less than
10 days. In such areas, reviralizarion
must be avoided due to the risk of a

Residenee times of the water in the infileracion area of the Tess River bed:
Radon concentrations ar varions depths in pipes driven into the bed of the

breakehrough of bacteria and dissolved
contaminants from the river Téss to
the groundwater wells; this is because
the flow distance from the river bank to
the wells could decrease, and the share
of infiltrate in the extracted ground-
water would increase. For this reason,
only shore reaches of the river can be
revitalized, i.e. a few hundred merers
in length. In addition, the residence
times, mixing ratios and potential for
breakthrough of dissolved substances
in the groundwarer must be monitored
both near the river and near the extrac-
tion wells. This monitoring must be
carried our more intensively than ever
before and especially after flood events.
The results of our investigations sug-
gest that this project can begin,

Many thanks o colleagues in the
working group of this project: Dr. Peter
Huggenberger (1o date geologist of the
Canton of Basel-Stadt/University of
Basel}, Dr. Rolf Kipfer, Urs Beyerle,
Martin Hire and Norbert Mattle.

(1] I Huggenberger, in prep,

[2] Hofer, M., W. Aeschbach-Hertig, U. Beyerle,
D.M. Imbaden, R. Kipfer, A. Johnson, T.
Virvar, E. Hoehn, A, Ulrich, 5.8, Haderlein
und T. Hofstetzer, (1997): Tracurs as essential
tools for the investigation of physical and
chemical processes in environmental systems,
Chimia 57 (13), 941-946.

[3} U. Beyerle, Diss, ETHZ, in prep.

[4} N. Mattle, Diss, ETHZ, in prep.
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Participating parties in the focns groups on

copper.
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Participatory Processes

A Chalienge for Science?

The demand for environmental sciences to take into account political
and practical considerations is growing ever stronger, afthough
research is struggling to deliver. The project “Use of Copper as a
Building Material in Exterior Applications” serves as an example of
how participatory processes can be beneficial in many ways.

The CLIFFENT use OF copper in exterior
building applications is predicted o
have detrimental long-term effects on
soil and water. Markus Boller presents
the situation from a scientific and engi-
neering standpoint in another arricle
in this issue. Here we would like to
address a different aspect of the “copper
problem™

How is the Long-term Danger
of Copper Contamination

of Soil and Water Assessed

by the Political Arena and

by Individuals Dealing with the
Problem on a Day-to-day Basis?

Near the end of 1997, the Swiss Insti-
rute for Architectural Biology and
Archirecrural Ecology {SIB) and the
WWF Lucerne held a press conference
discussing the planned culture and
congress center in Lucerne, which
was supposed to receive a roof

@ consisting of a copper skin.
F The SIB and the WWF
& Lucerne argued, based

@ .
& mostly on EAWAG

publications,  that
this common prac-
tice essentially re-
sules in a creeping
contamination of
soill  and  water
and thart it is fime
to take preventive
action:  archirecss,
Contractors, engineers
and scientists are called

= :
0% upon to find alternatives

[11. The Swiss Sheer Metal
Contractors and  Plumbing
Insrallation Union (SSIV), on the
other hand, proposes in its informarion

brochure “Copper as a Building Mate-
rial for Roofs and Facades” that the
use of copper in exterior applications
is entirely unproblematic, even from
an environmental standpoine [2]. The
Swiss Agency for the Environment,
Forests and Landscape (BUWAL) did
not see any acute problems arising
from the use of copper and, therefore,
saw no reason to act. In EAWAGS
opinion, however, the intreduction of
copper into soil and water is indeed a
long-term problem. Increased efforts
should be made to search for ecologi-
cally, economically and technically
acceptable substizution materials and
innovative solutions. Infiltration basins
with adsorbing filter layers should only
be viewed as a temporary stop-gap
measure.

In light of hardening positions be-
rween the two interest groups {includ-
ing FAWAG) on a national scale,
EAWAG decided o initiate a parrici-
patory process on a regfonal level.
The primary goal was ro facilitate and
stimulate a dialogue between the vari-
ous national interest groups. Intense
discussions among affected groups
are expected to lead to a document
assessing the severity of the long-term
problem, possible options and aleerna-
rives to copper, and concrete measures
which can be taken in the shore-term.
This was an opportunity to test the
political and practical relevance of
research conducted at EAWAG and w0
develop potential research questions.
The example of “Copper as a Building
Material in Exterior Applications”
proved to be fortunare in two ways:
first, the release of copper from roofing
and siding applications into the envi-
ronment is smaller than the contribu-
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ton from agriculture, but the social
implications are more easily defined
and assessed and, from a scientific
point of view, can be analyzed more
easily and with more immediate gain.
Secondly, the need for action is not
immediate, which increases the chance
for an objective discussion and makes
it more likely that alternatives will
be developed which meet ecological,
economical and social criteria.

The Use of Focus Groups

Participatory processes i science have
a long-standing tradition in the poli-
tical sciences. On a number of occca-
sions, they were and are being used
at EAWAG. By involving affected par-
ties and decision-making entities, the
practical and political relevance of
research can be tested and improved.
Resules from participatory processes
are typically recommendasions or ad-
visory opinions. Their intent is to aid
on-going political processes or initiate
new processes. An important tool in
participatory  processes are  focus
groups.

Focus groups are well organized group
discussions among 612 participants.
The primary goal is to bring together
experience from a variety of fields
and apply it to a concrete problem.
Discussions are typically led by a mod-
erator. Participants interact and react
to one anothet, creating new ideas in
the process. Focus groups are particu-
farly useful in collecting qualitative
information and in establishing evalua-
tion criteria.

The following criceria can be used in
deciding whether a focus group would
be an apprapriate tool in a given situa-
tion. These criteria are 2 prerequisite,
but not necessarily sufficient o war-
rant the use of a focus group; a lot
depends on the particular problem at
hand:
© Assessing the possible range of

options

© Evaluation of acceptance level for -

expert opinions
e Finding potential arcas of consensus
in acute conflicts
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@ Representing  the different  per-
cepeions of a problem by various
affected parties

© Uncovering latent conflicts

© Feedback from research to pracrical
relevance

o Generation of new research ques-
tions [3-8].

A Concrete Example

As parzt of our project, twelve represen-
rasives from the Swiss Midiands met
in three sessions of three hours each,
debating the “Use of Copper as a
Building Material’ in Excerior Appli-
cations”, We succeeded in bringing
together a very broad spectrum of par-
ticipants from architecture, research,
industry, interest groups and adminis-
tration.

Each meeting was focused on one
topic. To inform and o stimulate dis-
cussion, cach participant was given a
three-page document on the topic of
copper use in building applications,
where the opposing positions of the
SSIV, the SIB/WWF Lucerne and of
EAWAG were explained.

Ar the firse meeting, che discussion
was  “jump-starced” by 15-minute
opening statements from each of the
three groups. The second meeting was
dedicated to finding evaluation criteria
for judging various options and alter-
natives, The third meeting was devored
to formulating concrete measures and
to agteeing on written recommenda-
tions. EAWAG contributed signifi-
cantly to the research aspects of the
recommendations, e.g., suggesting a
research emphasis on investigating
copper fluxes and budgers in the Téss
region.

What have the Focus Groups
Achieved?

The two-page document created by
the focus group was subsequently
discussed with national interest groups,
which cleared up several important
misunderstandings and led to 2 com-
mon understanding of the problem.
As a result, the interest groups formu-

lated their own document stating their
new common position. The need and
the benefits of this cooperative process
among research, industry and interest
groups was most noticeable in the
formulation of research projects to
evaluare the various alternatives.

Benefits of the focus group discus-
sions for research were most obvious in
the following areas: additional aspects
of the problem were incorporated into
the research, incorrect assumptions
were corrected, methodical experience
relating to the use of focus groups was
gained, and new cooperations were
initiared. In addition, a number of new
research topics were formulated.

Participation in the focus groups
“forced” the scientists to pay far more
attention {0 preparation, presentarion
and justification of research resuls
than is common practice. The crucial
experience was for scientists to perceive
themselves as only one of many in-
volved parties and to include political
and social considerations in addition
to their purely scientific arguments.
Focus groups not only expanded the
nerwork of contacts berween disci-
plines and groups, bur also created
research demands which were created
“at the desk”.

Focus Groups: A Challenge for
Science?

Focus groups challenged scientists
and other participants alike. The most
important characteristic for the scien-
tists was not their professional quali-
fications so much as their personal
abilities and aptitudes. It was most
important to put the purely scientific
view into perspective and to keep an
eye on the bigger picture. This does
not mean that scientific results were
irrelevant, but that their meaning was
put into context and that their weight
and value had to be delineated.

A second challenge was the presen-
tation of research findings. For focus
groups, it is essential that scientific
material be presented in a clear and
understandable form. This does not
mean that statements can be over-
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simplified or be presented without
proper basis or reference, bur there
is a heighrened need for reducing
results to their essence.

At the same time, we would like
to underscore the importance of
the learning process by partici-
pants in focus groups. as men-
tioned above; focus groups are
particularly useful in situations
where scientific results suggest
several possible solutions. Partici-
pants of focus groups have to come
to realize that these uncertainties
cannot necessarily be eliminated
by more research. They must learn
to accept these uncerrainties and
find ways ro responsibly and con-
seructively deal with them,

EAWAG  participants  were:
Markus Boller, Gregor Diirren-
berger, Tove Larsen, Walrer Meier,
Christoph Meyer, Claudia Pahl-
Wost] and Christian Singeisen.

(1] SIBAVYWE (1997) Medienunterlagen
«Kupfer - ein unterschiiczter Schadstofts
{21t beziehen beiz U. Briisch, Postfach,
G023 Rathenburg).

(2] Schweiz. Spenglermeister- und [nstal-
fateurverband  (1997): Dokumentation
«Kupfer als Baustoff fir Diicher und
Fassadens und “Kupfer als Baustolf»
(Bezug: SSIV, Auf der Mauer 11, 8001
Ziirich},

3] Dirrenberger, G. et al. (1997): Focus
Groups in Integrated Assessment. A
Manual for a participuory wel, Zirich.

[4] Greenbaum, T.L. {1993) The Hand-
book for Focus Group Research, Lexing-
ton Books,

C[5} Kirzinger . {(1994): The Methodalogy
of Focus Groups: The Importance bf
interaction bevween Research Pareici-
pants; Socielogy of Heaklth and liness, 1,
193-121.

(6] Krueger, RA. {1988): Focus Groups:
A practical guide for applicd research,
Sage, Beverdy Hills.

[7} Mertan, R.K., Kendali. BL. (1946} The
focused interview; American Journal of
Sociotogy, 341-357.

(8] Morgan, ID.L., Spanish, M.T. (1984):
Focus Groups: A New Tool for Qualina-
tive Research, Qualiadve Sociology, 3,
253-270.

Special issue of CHIMIA

“Chemistry at EAWAG"

This  professional  journal for
science, technology and industry
in the area of chemistry is the offi-
cial publication of the new Swiss
Chemical Society. In 14 review
articles, EAWAG scientists discuss
their research and highlight results.
The entire December 1997 issue is

dedicared 1o research activities at
EAWAG. Walrer Giger

The coper page features the lander vsed by
biageachemists in Kastanienbanm,

Karl Fent

Ecotoxicology

The field of ecoroxicology ex-
amines effects of anthropogenic
chemicals on plants and organisms
in nature. Ecotoxicology is a mulei-
disciplinary science, connecting
environmental chemistry, toxicol-
ogy and ccology. One of the most
imporant aspects of ecotoxicology
is the long-term goal of avoiding
adverse environmental impaces
before they occur and to protect
the environment.

Until now, ecotoxicology has
often been limited to merely
studying the effects of certain
chemicals on selected laboratory
organisms, partly because a clear
definition of the field was lacking.

This new book defines ecoroxicol-
ogy as a modern environmenrtal
science and gives students and

scientists in a number of disci-.

plines as well as professionals
working in the environmental field
an in-depth look ar this important
new science,

The first two chapters introduce
the basics of environmental chem-
istry and roxicology. Subsequent
chapters introduce conceprs used
in modern ecoroxicology. Rather
than discussing all the possible
negative effects observed in eco-
toxicology, a few relevant effects
on organisms {e.g., on reproduc-
tion) are discussed in depth, and
key processes are examined on all
biological levels from single organ-
ism to the whole ecosystem. All
chapters stand alone, bur include
numerous cross-references to other
chaprers, reflecting the interrelated
nature of ecotoxicology itseif. Each
chaprer begins with an overview,
summarizes the most important
conclusions in buller form and is
largely illustrated by 168 figures
and 63 tables. The bibliography is
an extensive collection of recent
publications in the field of eco-
toxicology.

Karl Fent (1998): Okotoxikologre,
G. Thieme Verlag, Stuttgart, ISBN
3-13-109991-7, {Fr. 71.=).
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Fig.1
The natural and  athropogenically induced
resonrees seen from the standpoint of EAWAG.
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Tove A. Larsen

Sustainabl

e |

lanagement

The preceeding articles illustrate efforts in managing regional
resources in the Tdoss region in a sustainable way. Can this aim be
met using the traditional methods of environmental research? Are

new research strategies needed?

Central 1o the idea of sustainable de-
velopment is the concepr of resources.
Fig. 1 shows various types of resources
each of which represents a different
aspect of the sustainability puzzle. The
listed themes represent examples with-
in each of the groups. Natural resources
are listed on the lef; anthropogenic
resources on the right. At the top are
those resources that hold a special
positien at EAWAG; ar the bottom
are more conventional conceptions
of resources. The illustration suggests
that the sustainable management of
resources may be viewed as being
the best way 1o manage all different
resource types. A similar concept of
resources was presented with respect to
urban water management in a previous
edition of EAWAG News {1].

The projects in this high-priority
research program muainly concern the
themes in the upper part of the Fig. 1,
with the conventional resource types
only marginally included. This is a
conscious choice: the wraditional fields
of competence at the EAWAG shail be
retained in the future, but new aspects
of sustainable resource management
should be increasingly integrated.!

What new aspects have been in-
cluded in this high-priority research
program? We have mainly worked with
a spatio-temporal resolution which
should do justice to the regional level.
In Fig. 2, the time and sparial scales
of sustainable development are com-
pared to those of typical research. The
message is that the work of a large part
of current — especially top-notch -
research is carried our on a very small
spatial and temporal scale, whereas
globally sustainable development, as it

&

is envisioned for the 21st Century, has
to take place in complerely different
dimensions. The concerns of globally
sustainable development in our field
include international water rights and
the conflicts invelved [2] as well as
clean drinking water for everyone [3].
One of the major challenges for current
research is building the bridges be-
tween research carried out on a small
scale and arraining goals for the entire
planet in the new century.

We can also aim for a more modest
goal and start working on the sustain-
able management of resources on a
regional level. The idea behind this
is chat the sum of all sustainably man-
aged regions will bring us closer o
global sustainability. On the regional
level, we have the possibility o carry
out concrete research. In the projects
of this high-priority research program,
we have attempted to move towards
the regional level and o combine the
individual results from research wich
the development of che region.

A key thesis to this effort can be
stated as follows: at the regional level
society plays a major role. When in-
vestigating a river or stream the pro-
cesses of society are hardly of much
importance. If, however, we aspire to
investigare the potential regional devel-
opment of this river, then we must
combine the research problems of the
natural scientists and engineers with
the decision making processes of the

' This concerns in particular the researchers par-
ticipating in the high-priority reseasch program.
For some time, the Department of Resources and
Waste Management (Stofthaushale und Ene-
sorgungstechnik) ar EAWAG has oriented iself
o the common definition of resources (lower
half of the diagram).
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sociery. Whether this results in a good
research assignment is open to discus-
ston. Burt if we accept the challenge, the
social component cannot be ignored.
Using a few examples from the high-
priority research program, we shall
discuss this statement below.

Drainage of Precipitation Runoff

The Probiems of Nondegradabie
Substances are Put Off

To date, nondegradable pollutants
from precipitation can be found in
sewage sludge, in lakes, rivers and
spread diffusely in the landscape. Pre-
cipitarion, which may also be contami-
nated, can penetrate into the ground
where ir is not sealed. The diffuse dis-
tribution occurs so slowly that it may
take a long time to detecr any damage.
We can quantify the pollurants in sew-
age studge; if the sludge is distributed
as fertilizer onto fields, we can estimate
when the pollution standards for soil
will be exceeded. From the problems
concerning sewage sludge, we can also
conclude that combined sewer over-
flows and the direct discharge of storm-
water contribute to the pollusion of
lakes and rivers.

Under the new water protection
act, which calls for the infilcration of
stormwarer, the pollution pressure on
sewage sludge is decreased, and the
compounds are redistributed accord-
ing to the chosen system of infiltration.
Basically, the more diffuse the distri-
bution, the longer it takes to reach 2
critical situation — and the more dif-
ficult it becomes to carry out a reme-
diation should the need arise. To date,
the lesser of the evils seems to be the
concentration of nondegradable com-
pounds in the infileration basins. We
have to consider, though, thar we
are creating new potentially hazardous
sites using this methods. Genuinely
sustainable solutions can only mean
dealing with the problem art the source.
Such solurions can, for example, be
developed using so-called participative
procedures. A small pilot scheme on
the theme of copper was carried out
in the high-priority research program.

: o

time

Fig. 2
The space and time seales
of sustainable develapment

‘.- global sustalnable "
7 devalopment.

large part of science

integrated,

It is described in Andrea Ritede’s article
in this issue.

The Ecology of Running Waters

A New Definition of Technology
is Needed

Similarly, when creating the resource
habitat or “living space”, we enter a
new ficld of worlk if regional objectives
are included. “Back to nature” has
become almost impossible in all pares
of Swirzerland: flood control, warer
supply, energy production and anthro-
pogenic demands for living space
force us to make concessions when
attempring to revitalize nacural bodies
of water. This means that ecologists
cannot simply apply their basic knowl-
edge of naturally functioning eco-
systems; they have to commit them-
selves to new types of “habitats” or
living spaces which do not exist any-
where yer but which should function
nevertheless.

Revitalizing lotic systems is an
example of the need to understand
the word “technology” in a broader
sense. The technology of revitalization
encompasses not only the rypes of
construction used. It also includes the
ecological questions: how long must
the stretch of river be, e.g., how much
space does 2 body of water need for
the revitalization to make sense? This
means that the phases of development
as well as of progress control are requi-
site for environmental issues — as they
are for any new rechnology: not solely
the so-called “hard” technologies can
claim them.

Included in this new definition of
technology is the active participation
of the population in creating the goals
of the revitalization apart from the
experts. In additon, the large invest-

)

space

menis that a reviralization entail would
probably be impossible to ratify with-
out hroad consensus.

On What Level are Concrete
Problems being Solved?

Not all problems of regional sustain-
able development can be solved on the
same level. There are problems which
are expressed regionally, bur which
have to be resolved supra-regionally.

Problems encountered with running
watess can be easily approached region-
ally, This s not surprising because
for us a region is defined by its aquatic
system, its watershed, and not accord-
ing to administrative boundaries. The
sevitalization iwself can occur locally.
Bur apart from this, there are many
issues thar only let themselves be solved
satisfacrorily on a regional level It is
interesting thar several of the regional
issues such as water supply, recreation
and to a certain extent also flood
control can be described by the “ciry-
to-land” relationship.

In contrast, the degree of pollution
of stormwater is a supraregional prob-
lem. The organization of the entire
municipal infiltration of stormwater
srunoff rakes place on a local, com-
munity level, Technologies, however,
which can reduce pollution signifi-
cantly can in practice only be devel-
oped within a national or even inter-
national context.

Environmentai Problems
are Symptoms of Lifestyle

As cirizens, we all want drinking water,
energy, mobility and nice rain gutters
on the roofs. This is true today, and this
will not change, What new research
strategies are needed in this case?
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We will have to make concessions
when weighing the various interests
against one another: as discussed in
the secrion on the reviralizadion of
running waters, a total “back to nazure”
approach is not possible in Swirzer-
land; however, we have to encourage
innovations which enable us to manage
our resources in a sustainable way, The
environmental sciences alone cannot
contribute the necessary innovarions.
Cooperation cfforts with implementa-
tiont and practice are needed — as seen
in the water conservation effort of
the past 30 years. In the future, new
professions as well as the public as a
whole must be included in the research
process. If we want to approach the
problems at the sousce, the issue in
many cases concerns the production of
and demand for environmentally com-
patible products. Participatory discus-
sion encourages and supports finding
solutions and is part of a new research
strategy. A first modest yet concrete
example is the search for roofing mate-
pials chat will not create a potential
environmental hazard for future gener-
ations. :

From Reactive to
. Active Environmental Protection

Why do wastewater experts now have
ta deal with household products and
roofing materials? Does this not extend
beyond their professional realm? We
don'’t think so. Wastewater and rain-
water act as indicators which can detect
unsustainable patterns in the chain of
production and consumption in the
same way that wastes do. [t is impor-
rant that the experts in those fields
call attention to these connections
and contribute to solutions from their
point of view.

Seen from a practical point of
view, wastewarer experts cannot ignore
the problems. The unsustainable ele-
ments in the line of production and
consumption manifest themselves on
the disposal end, often in a very dis-
agreeable way by rendering otherwise
sensible solutions unnecessarily diffi-
cult. A well known example is sewage
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New Scanning Electron Microscope
Goes into Service

A pew scanning electron microscope
(SEM) was installed in the spring of
1997, replacing an older inscrument
that has been in service for some
20 years. The new instrument is a
conventional SEM  with enhanced
analytical capabilities, in-
cluding image processing
and archiving, an
detector  for  energy-dis-
persive spectroscopy; and a
semiconductor detector for
backscattered electrons. It
can handle a wide variety of
samples, including cryseals,
cinders from incinerators,
mineral surfaces, suspended
particles in streams, aquatic
fauna, lake sedimenss, bio-

X-ray

films, and microorganisms. The variety
of samples purs high demands on the
instrument, but even more so on the

users and operators of the SEM lab.
Deparement of Environmental Physics
and Scanning Electron Microscopy

sludge which poses one of the largest
problems for wastewater experts be-
cause of its contaminans load. Without
such pollutants, the sludge could be
made available for agriculture in an
economical and sensible way; in this

way, at least part of the nutrients would

be rerurned for reuse.

Similar problems are encountered
in the infiltration of stormwarer. The
installations should not only divert
the water bur aiso fulfill the functions
of cleaning and retention; both con-
struction and operation become corre-
spondingly expensive and demanding.
In addidion, uncertainty exists whether
this procedure is appropriate; after
all, we are knowingly creating new
potentially hazardous concentrations
of pollutants.

Looking back in history, the experts
working on environmental problems
have mosely acted reactively. They have
tried to deal with problems as they
arose. One exception has been the suc-
cessful efforts to remediate industrial
plants and processes to a point where
the pollution of sewage sludge with
heavy metals is minimized. Today we
see, however, that this approach is not
enough; a source-oriented approach
in industry has brought success. Bug
COnSWMption is just as important as

production. In the case of stormwarer
infiltration, this “consumption” mainly
consists of corrosion and erosion of
surfaces {such as roofing marerials
made of copper) and various surface
treacments. Not only are these direct
effects on the lakes and rivers impor-
tant but also air quality plays a role:
traffic, energy production, consump-
tion of pesticides, erc. influence the
final quality of the rainwater via the
air and deposition.

A proacrive instead. of reactive en-
vironmenzal policy would deal with
these problems wherever they appear.
The large time spans discussed above
have the advanrage of giving us enough
time: we do not have to act here and
now. We can and should think abour
the right approach. Quick and cheap
solutions today may become expensive
ones tomorrow. Bur the longer we
wait, the more acute the problems
will become, and the less time we will
have.

(1] Larsen, TA. and Gujer, W, (1997} Sustainable
Urbar Water Management — Technological
implications. EAWAG news, <£3E p. 12-14.

{2} Zcehnder, AJB. (1997} Water, 3 Commodity
in Short Supply? EAWAG news, 3£ p. 3-4.

(3] Wegelin, M. and Scherwenleib, R. (1997k
Appropriate Water Treatment - a benefit for
all. EAWAG news, 43E p, 57,
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From the Engineering Department

How Urine is Transformed
into Anthropogenic Nutrient Solution (ANS)

Since rthe middle of July of last
year, EAWAG has been operating
a No-Mix roilet where urine is
collected and stored in a separate
rank. The new toilet was installed
in the laboratory building and
is accessible to both men and
wamen.

Why separate urine? A large por-
dion of nurrients is removed from
human mesabolism via the urine;
for example, 85% of the nitrogen
and 50-80% of the phosphorus.
This is why urine is referred to as
an Anthropogenic Nutrient Solu-
tion (ANS).

Nowadays, nutrients are often
classified as waste products which
have to be fed to a wastewater
rreatment plant as quickly as pos-
sible, where nitrogen and phos-
phorus are removed from the waste
stream at a high energy cost. Sepa-
radion of ANS from wastewarer
would significantly reduce the load
on wastewater treatment plants.

At the same trime, agriculture
uses large quantities of artificial
nitrogen and phosphorus fertil-
izers. The production of these fer-
tilizers is very resousce intensive;
nitrogen is produced in the energy
intensive Haber-Bosch process,
while phosphorus is extracted in
the form of minerals. It seems rea-
sonable to collect nutrients which
are excreted and directly feed them
back to agriculture in the form of
ANS.

Bur recycling ANS only makes
sense under certain circumstances:
© the consumption of primary
resources has to drop dramasically,
o the coilected nutrients have to
be useable as agricultural fertilizers
withourt extensive processing, and
o the transport of ANS from the
toilet to the farm or processing
plant should not require excessive
new infrastructure or expenditure.

Storage and transport of ANS
in urban areas is-a problem for
which a solution has been pro-

posed. Urine collected in No-Mix
toilets is temporasily stored in
small holding ranks in the house.
At night and during dry weather,

Users No-Mix-Toilet
. ‘ E
i
B P =k
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el
g
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Urine-Cofleciion N
Agpplication ANS-Tank
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Sewer System

the ranks are opened on a staggered
time schedule. The existing sewer
system transports the ANS to the
processing plant where it is pro-
cessed into ferdlizer {1]. Such 2
processing plant should, of course,
be locared near the wastewater
trearment plant.

Various undergraduate and di-
ploma research projects in the

group for Urban Warer Manage-
ment at ETHZ have dealt with the

problem of transporting the ANS
through existing sewer systems.
A dissertation in the Engineering
Department at EAWAG is exam-
ining the problem of temporary
urine storage. The No-Mix toiler
in the laboratory building is 2 pilot
project and allows for the collec-
tion of urine under realistic condi-
Kai Udert

fions.

[1] Larsen T.A. and Gujer W, (19906) Separa-
te Management of Anthropogenic Nueri-
ent Selutions (Humane Urine). Warer
Science and Technology, 34, 87-94.

A New Project at EAWAG in the Spirit of Changing Paradigms

Ecoelectricity

The project “Okostrom” is aimed
at promoting green power and
involves a new scientific approach
combining basic scientific re-
search; economics and sustainable
development of alpine regions. We
will develop criteria for an eco-

labeling of electricity generated by
hydro power plants, based on
green pricing experience in Cali-
fornia and on the Ziirich Electric-
ity Stock Exchange. The customer
can reward environmental efforts

cont. on page 30, lower pare

The floadplain near
Poute Valentino iz
the middle stretch of
the River Bremio del
Lucomagno (Blenio
Valley, Ticino) is of
narional impartance,
but endangered by
water diversion,

29
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Bernhard Wehrli Promoted to
Associate Professor

The ETH Council has chosen
Bernhard Wehrli 1o become asso-
ciate professor for Aquatic Chem-
istry effective 1 October 1997
Professor Wehrli will continue to
lecture in the Departmenc of Envi-
ronmental Sciences at the ETH-
Zirich where he had beer an
assistant professor. His group is
working at EAWAG's research
center for limnology in Kastanien-
baum. Over the past several years,
the team has specialized in quanti-
fying exchange processes at the
sediment/water interface in lakes,
wetlands, in coastal systems and
in rivers.

Bernhard Wehrli exhibited a
keen interest in environmental
issues even during his undergradu-
ate studies in chemistry at ETH.
He has obtained first-hand knowl-
edge about environmental and
water protection policies in the
context of hydroelectric develop-
ments in the Swiss alps (power
seation Ilane, Greina}. These expe-
riences motivated him to obtain
his Ph.D. with Prof. W. Stumm
and to also participate in the post-
graduate course in “Urban Water
Managemens and Water Protec-

tion”. After obtaining his doctor-
ate, he spent one year in the USA
where he broadened his knowledge
in Earth Sciences and numerical
modelling ar the California Insi-
tute of Technology.

After his postdoc, he worked as
scientific associate in the “Mulu-
disciplinary Limnological Research
(MLE)” group ac EAWAG, where
he developed his own research
interests. Together with physicist
Alfred Wiiest and limnologist
René Giichrer, he focused on the
evaluation of lake restoration mea-
sures. This gave his research on

- processes at the sediment/water

interface an Imporant link o
practical applications. Collabora-
tive projects also allowed him to
develop new methods for investi-
gating and quantifying processes
in lakes and ar lake bottoms, Alain
Manceau in Paris used x-ray spec-
troscopy {EXAFS} to shed more
light on mineral formation pro-
cesses in dark, anoxic zones of deep
lakes. Arthur Schweiger (ETH)
used pulsed ESR-spectroscopy to
investigate interactions berween
carbonates and meral ions on a
molecular level, Bear Miiller and
Christian Dinkel developed a pro-
filing probe equipped with chemi-
cal sensors which can be deployed
to the sediment surface and record
processes at the sediment/water
interface on a scale of millimerers,

After a short research period in
Paris, Bernhard Wehrli became
assistant  professor for Aquaric
Chemistry in 1991. His young
research group showed commend-
able enthusiasm and rackled many

‘questions, such as:

SGHL-Prize for O. Heiri

At the 11% Annual Meeting of the
Swiss Sociery for Hydrology and

Limnology (SGHL) last Ocraber,
Oliver Heiri was awarded a prize
for his ourstanding diploma disserea-
tion on “The Spring Emergence of
non-biting midges {Diprera: Chiro-
nomidae} along a Minimum Flow
Stretch of the Engelberg Aa (OW/
NW)”, This research was conducred
in Section XA of ETHZ ar EAWAG
during summer 1996, firg Bloesch

© How much of the nitrate in our
iakes 15 wansformed 1o harmless
nitrogen’?
@ How are calcium carbonate
precipitates formed? Can they be
prevented with “magnetic warer
treatments ¢
e Can trace metals in lake sedi-
ments give us a clue about the
lake’s oxygen budgert in the pas?
Experiences from lake research
in Switzerland were also trans-
ferred 1o other lake systems, such
as Lake Baika! and che Black Sea.
In his courses for students in
environmental sciences, chemistry
and environmental engineering,
Bernhard Wehrli attempts co build
a bridge between the understand-
ing of chemical processes on a mo-
lecular level and the macroscopic
observations in environmental sci-
ences. In the future, crucial chal-
lenges for environmental scientists
will be to work in interdisciplinary
tearns, find answers in shore peri-
ods of time, and produce practical
results. Bernhard Wehrli is im-
mersing himself in this experience
in the interdisciplinary project
“Ecoelectricity” at EAWAG.
Rene Schwarzenbach,
Head of the [nstitute for Water
Protection and Water Teclnology
(IGW) ar ETHZ

provided by the power companies
through paying higher prices for
renewable encrgy.

The marketing potential for the
product “green power” is being
studied in several social sciences
projects at EAWAG. The ecologi-
cal damage caused by hydro power
plants will be assessed in a case

study of the power station Luzzone
using water from the Brenno River
system in Val Blenio, Ticino.

The project “ecoelectriciey” in-
volves all affected parties through
a co-operative process in differen-
tiating between various electricity
products. The case study has
started in April 1998, is being

accompanied by a group of exter-
nal supervisors, and will be extend-
ed, in a second phase, to whole
Switzerland and possibly Europe.
Jiirg Bloesch

Bernhard Truffer, Jiirg Bloesch, Christine

Bratrich, and Bernhard Wehrii (1998): “Oko-
strom™: Transdisdplinariic avf der Werk-
bank, GALA 7, No. 1, 26-35.
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