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Dear reader

Over the past several years, EAWAG .
has staged an annual Info-Day (Info-
tag). The planning process -begins in
the spring, gains momentum during
the summer months and culminates in
the conference in September. The -
system functions on a wide range of
levels: A theme is first developed
encompassing a wide range of pos-
sible topics. The contents are eventu-
ally agreed upon and arranged in a
logical sequence. Finally, in the de-
manding concluding phase, the sub-

~ ject matter is coordinated and checked

for its practical relevance. The visual
presentation of the material frequently
gives rise to lively debate that offers
great scope for mutual constructive
criticism. Since technical develop-
ments are currently offering more and
more exciting possibilities of presen-
tation, we are also constantly having
to justify the expense involved.

However, this stimulating process is
not always characterized by an atmo-
sphere of constant and complete
harmony, and tempers can sometimes
flare. Tolerance, energy and personal

. commitment are demanded from all

involved. The title of the conference
for instance usually provokes endless
discussions. It should be succinct,

related to the theme, effective in
media terms, appealing and trip lightly .
off the tongue. But it's not always easy
to express scientific terms in media-
friendly language.

From July onward, a hive of activity
prevails throughout the organization.
Behind the scenes, people are tele-
phoning, negotiating, writing and
ordering. After all you can't hold a
conference without coffee and
“Gipfeli” (croissants) or a book table
and media conference. Everything has
to function smoothly, not least the
temperamental overhead projectors.

On the big day, the atmosphere
resembles that of a gala night at the
opera — even the most experienced
speakers are slightly nervous, and
that’s as it should be. Tension, ambi-
ance and joy are closely intertwined
and fortunately result in ideal condi-
tions for presenting effectively the
technical messages. '

The scientists are asked to present
their results in comprehensible form
and to convey their own enthusiasm

- for their work to the audience. Their

efforts, if successful, considerably
enhance the effect of other public
relations activities and lead to positive
feedback: the participants obtain a
response from their audience and
recognition for research that is not
always readily understood.

\CO’\Um At BJMU*

Theresa Biisser
Public Relations EAWAG
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Jiirg Beer

Environmental Arbhives -
Order and Chaos

“Environmental Archives — Order
and Chaos; Natural and Man-Made
Deposits as Sensitive Indicators for
Environmental Development” was the
theme of last year’s “Infotag 1994, an
event arranged as part of the PEAK
series of applied EAWAG courses. This
issue contains the edited papers of this
meeting. German and French versions
are also available.

Lake sediments, polar ice masses, soils
produced by weathering and the large
numbers of man-made landfills were
the types of environmental archives
dealt with at the EAWAG Info-Day
held on 20 September 1994, While
artificial landfills tend ro show a cha-
otic structure, natural deposits can

be highly organized, storing a great
variety of information on past envi- |

‘ronmental conditions - and  thereby

giving us some insight into the history |

of our earth. The knowledge of this
history can help us assess the impact of
current human activities and draw
useful conclusions for predicting the
future. Both are essential when draft-
ing future guidelines for sustainable
~development. S

Jiirg Beer and Stephan Baumgartner

Climate Information from
Polar Ice Cores

“Man is changing the climate” is a common phrase. The climate has,
however, also been changing for a long time without human influence.
How can we distinguish between natural and anthropogenic causes of
change? Data from natural archives can be useful in finding answers to
the burning questions of global change.

Natural Climate Changes

The climate is strongly determined by
the short-term regular rotation of the
Earth around its own axis, the diur
nal cycle, and its orbit around the
sun, the annual cycle. Disturbances of
the Earth’s orbital parameters caused
by the other planets over longer peri-
ods of time can be calculated for mil-
lions of years. According to the theory
of Milankovié¢, they lead to climate
changes with periods of approximately
100°000, 40°000 and 20’000 years [1].

In contrast, local weather conditions
largely show chaotic behavior and can-
not be forecast more than a few days in
advance, even with the best available
computer models.

- Human Influences

The industrial revolution in this cen-
tury has created a totally new type of
situation for both nature and mankind.
Whereas climate changes could be re-
garded as natural processes in the past,
we are now at a point where we should
ask ourselves whether the climate is not
being influenced over a long period of

time by the increasing interference of
mankind in the environment — with
all the negative consequences which are
linked to every abrupt change in envi-
ronmental conditions. A typical exam- -
ple for the significant interference of
mankind in natural systems are distur-
bances in geochemical cycles. As a re-
sult of the more intensive combustion
of fossil fuels large amounts of carbon
dioxide (CO,) have been released into
the atmosphere during the past de-
cades, which has lead to a marked
global increase of this greenhouse gas.
This has been corroborated by well-
known measurements from Mauna
Loa (Fig. 1). At the same time mankind
began to produce increasing amounts
of new chemical compounds which do
not occuf naturally, and to store them

_in disposal sites, where their long-term

fate in the environment is either not yet
or only insufficiently known. .

Natural versus Man-made
Climate Changes

In this context there are two basic ques-
tions: do the human activities men-
tioned above lead to climate changes
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Analysis of the gas bubbles in the ice core of
Vostok: clearly reveal fluctuations in the green-
house gases CO, and CHy during the past
160°000 years [3,4]. Current concentration
levels (355 ppm CO, and 1500 ppb CH,),

however, were never attained by far.

and, if so, how can we distinguish them
from natural changes?

Apart from such basic questions
there are other very practical ones. If
one assumes that, as a result of human
activity (greenhouse effect), the cli-
mate is becoming warmer, an increas-
ing frequency of extreme precipitation
occurrences, including flood waters,
and a higher incidence of avalanches
and landslides can be expected. Precise

Summit

predictions are, however, impossible
because of the chaotic nature of the
climate system.

How can we determine whether the
global warming observed at this point
in time is anthropogenic or whether it
is just a natural fluctuation? One possi-
bility is to try to describe the current
weather developments as realistically as
possible by utilizing a large amount of
direct measurements and by modelling
the physical, chemical and biological
processes involved. In this way possible
future developments can be simulated,
although the inordinate complexity of
the climate system makes this task ex-
tremely difficult.

A further complementary approach
which can yield information on the
extent of anthropogenically-caused cli-
mate changes is the historical recon-
struction of the climate and its vari-
ability in the past when the influence of

mankind was certainly still negligible. " -

Environmental Archives —
the Key to Understand Global
Change

Information on the historical course of
the climate can either be gathered from
direct and indirect human records or
from natural archives. From the time
that mankind has made use of perma-
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The change in the 80/150 ratio (6760) in ice (in per mil, relative to a standard value, which
represents the average ratio in sea water) reflects the temperature (more negative 580 values
indicating a colder climate). Whereas between 40°000 and 10°000 years before present the
temperature in central Greenland was fluctuating irregularly, it seems to have remained relatively

stable during the past 10°000 years [5].

4

nent written records there has been
some direct recording of the weather,
but also indirect information e.g. crop
yields, which reflect climate changes
to some extent. In addition to these
man-made sources of information,
there are also natural archives in our
environment whose information we
have continuously learned to decipher
more precisely with the use of ever
more sensitive and refined methods.

Lake sediments, which are continu-
ously formed by precipitating particles,
provide an important record. The type,
size and composition of the particles as
well as the biological structures stored
in it reflect the climate conditions
which prevailed at the time the sedi-
ment was formed (see contribution by
Sturm and Lotter).

On high mountains and in polar
regions where the temperature lies be-
low freezing all year round, the snow
accumulates continuously and slowly
forms an ice record through the pres-
sure of overlying layers. Thus samples
of all solid, liquid and even gaseous
components of the atmosphere are
trapped in the ice. Investigations on
gas bubbles in the ice core of Vostok
(Antarctica) suggest that, although the
contents of the greenhouse gases CO,
and CHj have been fluctuating in the
atmosphere during the past 150’000

~ years, their present concentrations are

by far higher than anything measured
during this period! (Fig. 2)

Interestingly enough, the fluctua-
tions in the concentrations of the.
greenhouse gases seem to almost paral-
lel those of the temperature for the
observed period. Data on the latter can
be gathered by using measurements of
the isotope ratios of #0/1°0 in the ice.
This ratio changes as a result of temper-
ature-dependent fractionation effects
during the condensation of water
vapor. The high-resolution 'O/*¢O
measurements made on the ice core
from Summit in Greenland show very
impressively how unstable the climate
was during the last glaciation (between
~100°000 and ~10°000 years before
present) and how comparatively stable
it has been since then (Fig. 3).



Climate Information from Polar Ice Cores

-The Role of the Sun

Further information from the ice,
which can only be deciphered since the
development of the extremely sensitive
accelerator mass spectrometry method,
concerns the sun. The sun is the engine
which drives the climate. Even minimal
changes in the amount of solar radia-
tion reaching the Earth’s surface can
lead to corresponding changes within

the climate system. An example: even -

minimal disturbances in the parame-
_ters of the orbital parameters of Earth
caused by the other planets are believed
to be the cause for the observed cyclical
changes between warmer interglacial
and colder glacial periods. (Theory of
Milankovig).

Since satellites observe the Sun from
above the atmosphere we also know
that the amount of radiation from the
Sun fluctuates with an amplitude of
tenth of a percent in phase with the
so-called 11-year sunspot or Schwabe
cycle. This relatively new result has had
far-reaching consequences; among oth-
ers it means that not only is the solar
constant not really constant, but also
that, apart from fluctuations in green-
house gases and aerosol contents in the
atmosphere, changes in the solar con-
stant have also to be considered as a
potential cause of climate fluctuations.

How Constant is the Solar
Constant?

How can we know whether and to what
extent the solar constant has changed in
the past? Here the archive ice can yield
information once again, albeit rather
indirectly. During periods of increased
solar activity when the sun shines more
“warmly” it also emits more solar wind
which fills the entire solar system. Mag-
netic fields frozen into the solar wind
deflect the charged cosmic ray particles
and thus reduce the cosmic ray flux. As

a result, less particles penetrate into the

Earth’s atmosphere where they generate
radioisotopes such as' 1°Be and “C

through nuclear reactions. '°Be be-.

comes attached relatively easily onto
‘atmospheric aerosols and eventually

Loy b by e ] Ll 0.6
0 0.4
04 3 ;'0'2
10Be ] o AT
[1oYgl 1 [°Cl
0.8 ] L -0.2
E L -0.4
1.2 r
E --0.6
16 +—rr—r——rr = -0.8
1720 1760 1800 1840 1880 1920 1960 2000
' Year
Fig 4

The relatively good agreement between the 1°Be concentration measured in Greenland ice and the
average temperature of the northern hemisphere seems to suggest a connection between solar variability

and climate change [6].

 reaches the earth through precipitation

(rain, snow), some also being stored in
the ice. So we can assume that during
periods of increased solar activity less
10Be is produced as a result of the
shielding effect of the solar wind, caus-
ing the "Be concentration in the ice
to decrease. Conversely, calm solar pe-
riods lead to an increase in the !°Be
concentration. However, we have to
keep in mind that the atmospheric
transportation and deposition pro-
cesses can also cause changes in the
10B¢ concentration in the ice and that,
therefore, a perfectly clear reconstruc-
tion of the history of solar activity is not
unproblematic. Nevertheless, the re-
sults have been encouraging so far.
Assuming that the connection be-
tween the solar constant and solar
activity which has been measured by
satellites during the past 15 years was
also valid during the past, then we can
expect cooler climate conditions dur-
ing times of less solar activity. If we
compare the °Be concentration record
measured in an ice core from Green-
land with an average temperature curve
compiled from many different data sets
for the northern hemisphere, we find
an agreement (Fig. 4) which is good
enough to at least justify the continua-

“tion of these investigations which are

still in their preliminary stage.

Summary — a Warning

Summarising we can say that the

records in natural archives demonstrate

very clearly that the climate has always
been changing, sometimes even quite
dramatically. However, they also show
that the concentrations of greenhouse
gases in the atmosphere have currently
reached levels which are far higher than
those recorded for the past 200’000
years. This, as well as the fact that we
do not yer know well enough what
consequences our actions may have,
should act as a warning to treat our
environment more considerately in the
future.

{1} Imbrie, J., and Imbrie, K. O. (1986). Ice Ages:
Solving the Mistery. Harvard University Press.

[2] Keeling, C. D., Bacastow, R. B., Carter, A. F,
Piper, S. C., Whorf, T. B, Heimann, M.,
Mook, W. G., and Roeloffzen, H. (1989). A
Three-Dimensional Model of Atmospheric
CO Transport Based on Observed Winds:
1. Analysis of Observational Data. Geophysi-

" cal Monograph, 55, 165-363.

[3] Barnola, J. M., Raynaud, D., Korotkevich,
Y.S., and Lorius, C. (1987). Vostok ice core
provides 160°000-year record of atmospheric
CO,. Nature, 329, 408-414.

[4] Chappellaz, J., Barnola, J. M., Raynaud, D.,
Korotkevich, Y. S., and Lorius, C. (1990). Ice-
core record of atmospheric methane over the
past 160°000 years. Nature, 345, 127-131.

[5] Johnsen, S.]., Clausen, H. B., Dansgaard, W.,
Fuhrer, K., Gundestrip, N., Hammer, C. U,
Iversen, P, Jouzel, J., Stauffer, B., and Stef-
fensen,] P (1992). Irregular glacial interstadi-
als recorded in a new Greenland ice core.
Nature, 359 (6393), 311-313.

[6] Beer, J., Baumgartner, S., Dittrich-Hannen,
B., Hauenstein, J., Kubik, P, Lukasczyk, C.,
Mende, W, Stellmacher, R., and Suter, M
(1994). Solar Variability Traced by Cosmo-
genic Isotopes. Boulder: Cambridge University
Press.
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Michael Sturm ‘and André F. Lotter

Lake Sediments as |
Environmental Archives

A Means of Distinguishing Natural Events
from Human Activity

Assume that the authorities of a Swiss mountain canton would have to
estimate the frequency of extreme floods over a time scale of decades
and centuries without adequate instrumental measurements stretch-
ing back over such a long time period. Assume further that a local
community, concerned about the state of a polluted lake, is discussing
remedial measures and therefore needs to know the history of the lake
in the absence of studies of the relevant water quality. In both cases the
environmental information stored in the sediments of the lakes could
provide solutions to these problems

Sediment Archives

Similatly to ice cores (see the contri-
bution of Beer and Baumgartner), lake
sediments represent ordered natural
archives of past environmental condi-
tions. Whereas ice cores store primarily
physical signals of the global atmo-
sphere, sediments additionally store
information on a whole range of bio-
logical, geochemical and anthropo-

lmospheric
particles

genic environmental processes. Fig. 1.
shows (schematically) a number of
such processes which influence the
deposition of lake sediments. :

Allochthonous Material

By far the greatest amount of allochtho-
nous (i.e., formed outside the lake)
material enters a lake via rivers and
streams. It is deposited in the lake in

Biochemical
particles

Fig. 1

- The influence of external and internal environmental factors on sediment formation in a lake basin.



Lake Sediments as Environmental Archives

characteristic layers, providing infor-
mation on exceptional events such as
floods, mud flows, earthquakes etc. or
seasonal fluctuations; alluvial fans
and deltas form where the rivers flow
into the lake. In addition, alloch-
thonous fluxes enter the lake via the
atmosphere as wind-borne, rain-borne
or snow-borne particles (pollen, vol-
canic ash, aerosols etc.), by diffuse
inflow (groundwater, soil drainage) or
through artificial inflows from sewage
systems.

Autochthonous Material

Most autochthonous (i.e., formed with-
in the lake) particles are produced in
spring and summer by algal growth in
the epilimnion of a lake. In addition,
- sediment formation in a lake can also
be influenced by biogeochemical re-

dissolution or precipitation processes’

or physical displacement processes such
as landslides, resuspension or biotur-
bation (see the contribution of Bloesch

and Wehuli).

Annual Lamination (Varves)

Annually or seasonally recurring sedi-
ment-forming processes lead under
certain conditions to the formation
of regularly laminated, light/dark co-
loured sediments (see Fig. 5). After a
Swedish word such sediment structures
have been termed varves [1]. They rep-
resent one year and are therefore excep-
tionally well suited for accurate dating
of sediments. The composition of two
of the most important lacustrine varve
types is shown in Fig. 2.

Biochemical Varves

Biochemical varves are formed in
eutrophic lakes and under anaerobic
(oxygen-free) conditions. They are
characterised by the seasonal sequence
of particles resulting from biological
and chemical processes (2, 3, 4]. The
spring/summer layers are light co-
loured due to biogenically precipitated
calcite (CaCQj3) crystals, which may
be up to 40 mm in diameter. Centric
diatoms (disc-shaped siliceous algae)

_oooooo Chrysophyte cysts

Biochemical varves

Fig. 2
&P Calcite crystals
@g Centric diatoms

FZ==ma  Pennate diatoms

-

are deposited at the same time. Sedi-
mentation of pennate (oblong) dia-
toms and spherical Chrysophyceae
cysts occurs during August and Sep-
tember. The deposits of autumn and
winter months are characterised by
organic material which is responsible
for the dark colour of the “winter” layer
of biochemical varves.

CIastic-phy;icaI Varves

- Clastic-physical varves are formed in

inflow-dominated oligotrophic lake
basins and result from the seasonal vari-
ation in input of solid matter [5]. The
dark “summer” layers consist of par-
ticles of spring meltwater and of floods
occurring during summer, which may
transport large amounts of organic

‘material (residues of wood and leaves)

to the lake. An upward grading from
coarse to fine particles is often devel-
oped in the dark “summer” layer. The
light, homogenous “winter” layer con-
tains primarily fine clay particles and
virtually no organic material. Thus it
represents the low sedimentation time
of the year. ‘

Palaeolimnology .

Characteristic sedimentary features of
lake sediments, such as varves, slide
deposits and delta sediments, can be

Clastic/physical varves

Schematic composition of biochemical and clastic-physical
varves (annual layers). Biochemical varves are formed and
preserved under anoxic conditions in eutrophic lakes. Clastic-
physical varves are formed in oligotrophic lakes with predomi-
nant river inflow (cf text).

supplemented by biological (pollen,
diatoms), chemical (nutrients, princi-
pal and trace elements) and physical
parameters (isotopes) from sediment
archives. An integral evaluation of
all “palacolimnological” (i.e., derived
from the history of the lake) data pro-
vides information on natural processes
vs. human activity, as well as on past
environmental changes and on the
temporal and spatial extent of such

- changes. Examples are given below,

based on sediment studies of Urnersee
and Soppensee. '

The Urnersee

200m deep Urnersee, with its steep

relief and large river inflows, is one of
the pre-alpine lakes, which is primarily
influenced by physical sedimentation.
As it is situated in a tectonically active
region with mountain slopes, adjoining
glaciers and intensive erosion activity,
there occur recurrent natural disasters
such as earthquakes, floods or rockfalls

_in both the catchment area and the lake

itself. S}Jch natural events have left.

characteristic traces in the sediments

of Urnersee. The effects of approx. 20
different environmental events have so
far been established in sediment cores,
which are up to 9m long and represent
a time scale of approx. 1000 years [6].

7



EAWAG NEWS 38 E, August 1995

These events include local rockfalls
from the Axen (14./15.5.1801) and
from Schwanden (8.12.1769) as well
as deposits of material from tunnels,
which were excavated for road con-
structions and train tracks between
Brunnen and Sisikon (1958, 1951/52,
1862-1864). Regional and global
events have also been recorded in the
deposits of Urnersee, such as the earth-
quakes of 1774, 1755 and 1601, and
the deposition of radioactive fallout
products (13137Cs) following atmo-
spheric nuclear bomb tests in 1963 and
the Tschernobyl nuclear reactor catas-

trophe (25.4.1986).

1987 Floods

The extraordinary rainfall of summer
1987, causing large floods with massive
destruction of houses and disruptions
of many roads throughout the Alps are
clearly documented in the Urnersee
sediments. The cost of damage in Swit-
zerland alone was over SFr. 1.2 billion
[6]. The valley of the river Reuss in
canton Uri was affected for weeks by
the floods of 24/25 August 1987. An
analysis of the individual flood layers
in the sediment cores from Urnersee
shows that the Reuss flood in 1987 was
not the highest flood in the lake’s his-
- tory (Fig. 3). With its sediment volume
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Comparison of the sediment volumes of large
floods of Urnersee during the last thousand years.
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Soppensee
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of 1 million m? it is just comparable
to the Schichen flood of 31.7.1977.
The Reuss flood on 3.10.1868 actually
deposited twice the quantity of mate-
rial (2 million m3) in Urnersee. But the
largest flood of Reuss River (2.2 mil-
lion m? of sediments) occurred in Sum-
mer 1342 when constant heavy rainfall
over all of the Alps and over large areas

of Europe resulted in catastrophic

floods [8]. The Urnersee sediments
show that about 10 floods occur every
100 years, but events with' disastrous
consequences have happened only
three times in the last 1000 years —
1987, 1868 and 1342. Nevertheless,
floods are of considerable importance
for sediment accumulation in Urner-
see: the major events shown in Fig. 3
are responsible for over 60-fold the
average annual sedimentation of about
100’000 m3. '

Soppensee

Soppensee, a small lake, just one km?
large, lies at a height of 596 m above
sea level in the foothills of the Alps in
the canton of Lucerne. Its 27 m deep
basin represents a glacial relict formed
during the rapid retreat of the Reuss
glacier approx. 15’000 years ago [9].

Approximately 8 m of sediment have
been accumulated in Soppensee since.
Sediment formation in Soppensee was
primarily the result of autochthonous
biogeochemical sedimentation pro-
cesses. The sediments of this small lake
are exceptional in many ways and have
been the subject of a range of inter-
disciplinary palaco-ecological research
_projects.

15°000 Years of Vegetation History

The sediment archive of Soppensee
represents a complete document of
environmental history for the past
15’000 years. Evaluation of high reso-
lution pollen profiles showed that after
retreat of the glacier the vegetation in
the catchment area of the early Sop-
pensee was characterised by a cold-
resistant open and treeless vegetation
(“tundra”). The subsequent increase in
tree pollen 12,700 years ago (Fig. 4)
is evidence of a rapid and persistent rise
in temperature. This rise was followed
by another cold period lasting some -
1000 years, the so-called Younger
Dryas, which came to an end approx.
10°000 years ago. Then came the post-
glacial climatic optimum with a major
reduction in herbaceous pollen. The
first indicators of human presence
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around Soppensee are cereal pollen,
already present 6’000 years ago. More
pronounced effects of human influ-
‘ence on the environment (e.g. through
forest clearance) can be observed at
the end of the Bronze Age approx.
3’000 years ago. Colonisation of Cen-
tral Switzerland by the Romans and the
associated more pronounced anthropo-
genic changes in the environment be-
gan 2’000 years ago. Evidence for this is
provided by the change in the pollen
spectra from assemblages dominated
by trees and shrubs to assemblages rich

in herbs and cereals (Fig. 4).

15’000 Years of Lake History

The dynamic picture of vegetation is
~ supplemented by the signals of differ-
ent geochemical parameters in the lake
sediments. The lake was oligotrophic
in its early phase and mainly influenced
by the input of allochthonous material.
However, some 12’700 years ago there
occurred a dramatic change, leading to
nutrient-rich, anoxic lake conditions.
This development is indicated in Fig. 4
by a decrease of Mg concentration and
a simultaneous increase of concentra-
tions of organic C, Ca and Fe. The cold
phase of the Younger Dryas, already
proved by the development of vege-
tation, is also recorded in the lake
sediments by a distinct reduction in
primary production shown as decrease
of C,, values. Rising temperatures
approx. 10’000 years ago again led
to more eutrophic, anoxic lake condi-
tions which have persisted until today.
‘Soppensee thus represents an example
of natural lake eutrophication which
lasted thousands ‘of years and which
‘was to a large extent unaffected by
human influence.

Thousands of Annual Layers

The biochemical varves (Fig. 5),
stretching back many thousands of
. years, are the major palacolimnological
attraction of Soppensee. They began to
form approx. 12’000 years ago and

required eutrophic lake conditions.

with bottom water free of oxygen for
their conservation (see above). Once
established that they were real annual

layers [4], they were used to extend the
14C calibration curve and to establish
an accurate chronology for the Sop-
pensee sediments [10]. No varves are
found any longer in the youngest
deposits of Soppensee even though the
conditions for a formation of biochem-
ical varves are still present: larvae of a
Chaoborus species destroy the existing
varves and thereby provide an example
that bioturbation can also occur undcr
anoxic conditions.

The Importance of Sediment
Archives

The study and interpretation of en-
vironmental archives such as lake
sediments provide the answers to the
questions put at the beginning of this
article: the deposits of Urnersee show
that extreme events such as exceptional
floods in a tectonically active, steep
mountain region are rare but not
unique. Furthermore, the results of
Soppensee show that even several thou-
sand years ago lakes could be naturally
rich in nutrients and could develop
anoxic conditions. These studies also

demonstrate that natural and anthro-

pogenic effects of environmental

changes can be distinguished.

¢ Sediment archives are thus not only
an important tool for interpreting
environmental processes but also
form the basis for
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Fig. 5

Biochemical varves from the Soppensee. The
regular cyclic lightldark annual layering is
clearly visible. The scale'is in mm.

e Evaluating the stability and dynam-
ics of environmental systems;

* Estimating ecological risks

e Planning courses of action, and

e Formulating environmental protec-
tion concepts on the basis of a
knowledge of long-term natural con-
ditions.
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Formation of Natural
Sediment Records

Within geological timescales our lakes will fill up and disappear,
as each year several new millimeters of fresh sediment are being
deposited on the lake bottom. In this way various types of information
about the lake ecosystem and its catchment are continuously being
recorded. This article is focused on the formation of sediments and
their current function in the cycling of substances within lakes. In order
to be able to interpret sedimentary records, we first have to under-
stand the processes of sediment formation.

Origin and Sedimentation
of Particles

As an example we have followed the |

fate of sinking particles on their way
down to the sediment in the 200 m
deep southern basin of Lake Zug [1].
The setcling particles either originate
from the catchment area (allochtho-
nous) or they are formed in the lake
itself (autochthonous) (see Fig. 1 in
contribution by Sturm and Lotter).
Especially during high discharge the
inflowing rivers import large amounts
of eroded soil particles and nutrients
into the lake. The deltas, both large and
small, are visible signs of this phenom-
enon. The material consists mainly of
oxides and silicates, apart from plant

debris. Addmonally, the lake ecosystem

produces a “rain” of sinking particles
originating from algae and zooplank-
ton, which consists of dead biomass
(organic carbon) and freshly precipi-
tated calcium carbonate. In this process
diatoms act as crystallization nuclei for

POC SEDIMENTATION LAKE ZUG 1982/83

the precipitation of calcite, as photo-
synthesis creates a local supersaturation
of calcium carbonate (“biogenic decal-
cification”).’

On their way into the permanent
sediment record, the sinking particles
are subject to various transformations.
Processes such as dissolution, precipi-
tation, adsorption (scavenging), coagu-
lation, bacterial decomposition and
the formation of aggregates are very
effective. The extreme change in the
C:P ratio of the particulate marterial
throughout the vertical profile illus-
wrates this fact: in the epilimnion the
C:P ratio lies far above that of the algal
biomass, which is 106:1; in the hypo-
limnion, however, it can decrease to
50:1 [2]. On the one hand, decomposi-
tion processes cause the sinking par-
ticles to release carbon, on the other
hand they pick up phosphorus by ad-
sorbtion as well as through artached
mineralizing bacteria.

The grazing activity of the zooplank-
ton also contributes significantly to the

600 -

POC [mg/m?2/d]

Fig. I

Seasonal pattern of particulate organic carbon (POC) and particulate
phosphorus (PP) sedimentation in Lake Zug, 1982/83.
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transformation of particles [3]: the for-
mation of fecal pellets by the zooplank-
ton increases the sinking velocity of
algal material. The rate at which parti-
cles sink determines their residence
time in the water. The settling velocity
not only depends on the size, density
and form of the particles, but also on
temperature, density, viscosity and
turbulence of the water. Stokes’ basic
formula for calculating the sinking
velocity can, however, only be applied

under certain conditions, as most par- |

ticles are not simple spheres. Most
algae typically sink at the rate of sev-
eral meters per day [4]. Smaller algae
and mineral particles typically remain
longer in suspension and sink at the
most just a few centimeters to tens of
centimeters per day. Thus sinking algae
take from several days to weeks to reach
the bottom of 200 m deep Lake Zug.
The flux and the decomposition of
sinking particles in various water
depths can be determined using sedi-
ment traps. Most sediment materials of

PP SEDIMENTATION LAKE ZUG  1982/83

m

. production.

1983

The highest settling flux was mezzxun’d durzng the time of highest algal
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Fig. 2

Production and mineralization of particulate
organic carbon in Lake Zug. The processes in the
water column and in the upper 15 cm of the
sediment are represented schematically.

Lake Zug are produced in the lake itself
as typical for most lakes of the Swiss
Plateau. Inflowing rivers, which domi-
nate the processes of sedimentation-in
Lake Lucerne or in the alpine Lake
Oschinen [5,6], only play a minor role
in Lake Zug. Maximum sedimentation
takes place in summer (Fig. 1) when
algal blooms occur which, as described
- above, cause the precipitation of cal-
cium carbonate.

The Sediments as a Layered
Reactor '

The seasonal variations in sedimenta-
tion rates lead to a clear annual layering
(varves) of the sediments in eutrophic
lakes such as Lake Zug. The ensuing
light-colored layer (= calcium carbon-
ate) is the deposit of summer, the dark
layer (= organic substance) is the winter
layer (see Fig. 4 in contribution by
Sturm and Lotter). If the oxygen sup-
ply is sufficient at the lake bottom,
such annual layers can be disturbed by
burrowing worms and insect larvae
(“bioturbation”). This is the case in
oligotrophic or aerated eutrophic lakes.

Furthermore, strong wind events cause
waves and internal currents which re-
suspend sediments in shallow lake areas
and wipe out the information of the
record [7]. The fesuspended sediments
are usually transported to the center of

thé lake where they are redeposited

(sediment focusing). '

The annual sedimentation rate can
be transformed into an annual accumu-
lation rate (Tab. 1) by converting the

dry weight of the sedimenting material,

into fresh weight and volume, taking
into consideration the compaction of
the sediment [4]. Normally the annual
increase in sediment amounts to 3 to
10 mm; the estimated 2.2 mm for Lake
Zug thus lie at the lower end of the
scale.

The flux of particulate organic car-
bon (POC) in Lake Zug can be quan-
tified in the following way (Fig. 2):
the primary -production amounts to
about 440 g Cm2a! and is, in con-
trast to an oligotrophic lake, very
high (e.g. Lake Lucerne with about
150 g C m2a! and Lake Oschinen
with about 11 g C m2a! [6]). Only
around 21% of this production is
deposited in the sediment;' about
348 ¢ C ma! already become min-
eralized mainly in the epilimnetic cycle
but also during sinking in the hypolim-
nion. The POC reaching the sediment
is a source of energy and nutrients for
the benthic animals and bacteria.

As soon as material is deposited in
the sediment, diagenesis begins: the
sediments are transformed by chemical
and biological processes. By using flow
chambers and dialysis plates (peepers)
the release of substances from the lake

‘bottom can be measured. Around 57%
-of the deposited carbon is decomposed
by bacteria in the uppermost mm of-

sediment within 1 to 2 years, a furcher
24% being decomposed in-the depth
range of 0.5-15 cm (Fig. 2). Carbon

Tub. I

Sedimentation: dry weight

Sediment valume {f=29)

770 g g
Sedimentation; fresh weight (f=3.3) - 2’540 gmZ2a -
2'230 cm*m2a”' =22 mma™

Sedimentation and
sediment accumulation
‘in Lake Zug.

(f = canversion factor).
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" Zine concentrations in the sediments of Lake

Bualdegg and Lake Rot.
[Unpublished data from M. Sturm.]

dioxide (CO,) is formed as a result of
the rapid decomposition processes in
the upper aerobic regions. The slower
decomposition processes in the deeper
anaerobic regions produce methane
(CH,). Merely 19% of the deposited
organic material, or 4% of the net
biomass being produced, are perma-
nently stored in the sediment. Other
substances, e.g. the shells of diatoms,
pollen, ashes from volcanic eruptions
or radionuclides from. the atmosphere
are more or less preserved in the sedi-
ment forming “fingerprints”.

Lake Sediments: Chemical
Time Bombs or Final Deposits?

Apart from natural particles, heavy
metals and organic chemicals from
anthropogenic sources are being depos-
ited in the sediment. By investigating
pollutants in dated sediment cores the
increasing contamination of surface
waters can be documented (Fig. 3).
Contamination with zinc, for example,
mainly originates from galvanized pip-
ing and is higher in Lake Rot, ie. in
an urbanized region, than in the rural
Lake Baldegg. An obvious question
arises: can the sediment be regarded as
a time bomb or rather as a final deposit
for anthropogenic pollutants? Investi- .

~ gations on release rates in pore water

on the lake bottom suggest that most
toxic heavy metals remain practically

11
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Phosphate concentrations ar the sediment—
water interface and in the pore water of the
sediments in the northern basin of Lake Zug,
1993.

Redissolution along the concentration gradient
occurs all year round. In summer, however,
_ phosphaze diffuses both into the overlying warer

as well as down into the sediment.

irreversibly bound in the sediment.
In heavily contaminated sediments,
however, these toxic substances can
be incorporated by benthic organisms
and enter the food chain (“bicaccumu-
lation”

In contrast, nutrients such as am-
monium and phosphate can be remo-
bilized at the sediment—water interface.
~ The intensive mineralization of bio-
mass triggers this process. Fig. 4 shows
phosphorus gradients in the pore water
of sediments from Lake Zug: phos-
phate diffuses from the sediment into
the deep water layer throughout the
year. In summer, however, the intense
phosphorus release leads to a concen-
tration peak of dissolved phosphorus
at the sediment surface and hence to
diffusion into the sediment, where pre-
cipitation reactions can bind the nutri-
ent in the form of iron(I)phosphate,
or vivianite,

While in an oligotrophic lake almost
all of the sedimenting particulate phos-
phorus (PP) is deposited in the sedi-
ment, the capacity for the uptake of
PP into the sediment is exhausted in a
eutrophic lake. Only 20 out of 80 tons

12

of PP that sink to the bottom of Lake
Zug every year get burried in the sedi-
ment (Fig. 5). Three fourths of the
sedimenting phosphorus reaches the
deep water of the lake again as “internal
fertilizer”. The uptake capacity of the
sediments cannot be enhanced further,
even with internal aeration measures
[8]. Internal restoration is not consid-
ered for Lake Zug, as the upper 100 m
of the water column contain enough
oxygen [9]. The redissolution of phos-
phorus can only be stopped when the
sedimentation of PP becomes smaller
than the uptake capacity of the sedi-
ments. In order for this to occur the
phosphorus loading from the catch-
ment area has to be limited. If we
succeed in keeping the phosphorus
load clearly below 20 tons per year for
longer periods of time, the concentra-
tion of this algal nutrient should slowly
decrease, and so would algal growth
and production, and consequently the
sedimentation of PP However, Lake
Zug will take about 40 years for this
external restoration.

From this overview of the formation
of sediment records we can draw the
following conclusions: the quantity
and quality of the sediment record
depends mainly on the production of
particles in the lake. The decomposi-
tion of organic material and the disso-

12-20

Fig. 5
Phosphorus balance of Lake Zug in. tons of
phosphorus per year, 1988—1993. .
Only about one fourth of the sinking particulate
phosphorus is burried in the sediment. The
export of phosphorus via the outflowing river
and via final deposition in the sediment are
around twice as high as the import through
inflowing rivers. The current phosphorus con-
tent of about 500 tons is therefore slowly de-
creasing.

lution of minerals partially “wipe out”
part of the information which reaches
the bottom of the lake. This decompo- .
sition continues in the sediment. Only
a small part of the sinking particulate
matter remains permanently stored in
the sediment. The rest reaches the wa-
ters of the lake again in dissolved form.

(1]
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The Transformation
‘of Organic Pollutants
in Oxygen-free Sediments

Polychlorinated biphenyls (PCBs), chlorinated solvents, trinitro-
toluene (TNT) and numerous other organic pollutants can undergo
chemical and biological reduction in anoxic environmental compart-
ments such as sediments and aquifers. The products of such reactions
can be non-toxic, better biodegradable or more toxic than the parent
compound. An understanding of such redox processes is not only
important for assessing the environmental compatibility of organic
compounds but also for the development and use of measures to

remediate polluted sites.

Innumerable Organic Com-
pounds in the Environment

Increasing quantities of organic com-
pounds, not naturally-occurring, have

‘been released into the environment in

recent decades. Approximately 70’000
different synthetic chemicals are cur-

rently in everyday use. A large number

of these synthetic chemicals (eg., me-
dicines, cosmetics, food additives) do
not have a great direct impact on the
environment. However, some of these
synthetic compounds enter the envi-
ronment in large quantities, not only
through spectacular accidents but also
through their direct use in the envi-
ronment (eg. pesticides) and through
inconspicuous diffuse events such as
leaks from storage tanks, evaporation
etc [1]. Examples of such chemicals are
nitroaromatic compounds such as the
explosive TNT und the pesticide par-
athion, as well as halogenated com-
pounds such as the pesticides lindane
and DDT, the solvents trichloroethyl-
ene and perchloroethylene and the
widely used PCBs. The reductive trans-
formations of both these groups of
compounds in oxygen-free (anoxic)
compartments of the environment will
be discussed in detail below.

” Absence-of-Oxygen” Does
Not Mean “Absence-of-Life”

Anoxic conditions are seen above all in
lake sediments and polluted aquifers.

The absence of oxygen is the con-
sequence of a surplus of degradable
organic matter. This excess organic
matter is often the result of human
activity, for instance too much fertiliser
flowing into rivers and lakes or the
pollution of groundwater by leachates
from landfill sites. Although many
forms of life can only survive in the
presence of oxygen, its absence does
not mean that no life is present. The
function of oxygen in the respiration
of higher organisms can be assumed in
bacteria by nitrate, iron, manganese,
sulphate or carbon dioxide. The degra-
dation activities of microorganisms are
thus not dependent on the presence of

oxygen.

‘Transformation ofb Nitro-

aromatic and Chiorinated
Compounds in Anoxic
Environmental Compartments

Pollutants such as nitroaromatic and
halogenated compounds enter sedi-
ments and aquifers either bound to -
particles or dissolved in water. Taking
PCBs as an example, it has been dem-
onstrated that the build-up of organic
compounds in an environmental com-
partment may be closely correlated to
the quantity sold and used, even if the
compound was not, and is not, used
directly in the environment. The high-

" est PCB accumulation rates in lake

sediments were found at the end of
the 1960s, the time when the largest

13
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Fig. 1

Reductive transformation of nitroaromatic and chlorinated compounds

compared to “biodegradation’.

The reduction of nitroaromatic compounds and reductive dechlorination
(A) are processes in which electrons are accepted rather than donated —
the case in biodegradation (B). These processes do not result in mineral-

ization of the pollutants.

quantities of PCBs were produced and
sold. Some synthetic chemicals were
used precisely because they were resis-
tant to degradation. It was generally
assumed that because they were resis-
tant in the presence of oxygen they
would also be resistant in its absence.
However, it has since been found that
pollutants such as nitroaromatic and
halogenated ' compounds are trans-
formed under anoxic conditions. The
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* biol ogical *chemical
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organic
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C . organic
pollutant,,

organic
pollutant,

Fig. 2

Reductive transformations af organic pollutants
as a consequence of chemical and bzologzczzl
processes.

Reductive transformations can be purely chemi-
cal (A + B) or purely biological (C) pracesses.
The regeneration of the reducing agent for the
chemical reductions is often a biological process
which is either independent (A) or directly cou-
pled (B). ox = oxidized, red = reduced.
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sediment of an American river, for
instance, was polluted with Aroclor

1260. This product contains PCBs

with five, six, seven and eight sub-
stituent chlorine atoms on the two
benzene nuclei. Chemical analysis of
the sediments showed that after a short
period there were practically no PCBs
with seven and eight substituent chlo-
rine atoms remaining, but an increased
number of PCBs with five and new
compounds with three and four chlo-
rine atoms. Similar studies of sites con-
taminated with nitroaromatic com-
pounds showed that their nitro groups
had been transformed into amino
groups.

In chemical terms these transforma-
tions — the cleavage of chlorine and the
transformation of a nitro group into
an amino group — are reductions. A
chemical reduction is a process in
which electrons are transferred to a
molecule (Fig. 1A). This process is the
opposite of what is generally meant by
biodegradation. The term biodegrad-
able means that a compound can be
converted to its mineral components,

ie., to carbon dioxide and water and —

depending on which other elements
the molecule contains — ammonium,
sulphate, chloride etc. This mineral-
ization is an oxidation process, ie., one
in which electrons are removed from
molecules (Fig. 1B).

The Advantages and
Disadvantages of the

‘Reductive Transformation

of Organic Pollutants

The positive aspect of reductive trans-
formauons is that non-toxic or rela-

tively harmless compounds may be
formed, or alternatively compounds
which are easily degraded in the pres-
ence of oxygen. The reductive dechlo-
rination of perchloroethylene is a good
example of such an advantage. Per-
chloroethylene is a solvent used in dry
cleaning and the metal industry and is
completely inert in the presence of oxy-
gen. Complete dechlorination of per-
chloroethylene yields ethylene which
is relatively harmless. This transfor- -
mation has already been observed in
laboratory fixed-bed reactors and still
proceeded at a high rate at 10 °C.
Ethylene, as the product of perchloro-
ethylene dechlorination, has also been
found in an aquifer which was polluted
with this solvent, although no clean-
up measures were deployed. However,
if dechlorination is incomplete then "
trichloroethylene,  dichloroethylene
and vinyl chloride are formed which —
in contrast to perchloroethylene — are
degradable in the presence of oxygen.
Possible disadvantages of reductive
transformations are that more toxic or
more mobile compounds are formed.
An example of the former is the pro-
duction of vinyl chloride from per-
chloroethylene. Vinyl chloride is a
known carcinogen. If it is produced
and escapes from a site as a gas it can
pose a real danger to all life forms. The
disadvantage of the production of more
mobile compounds can be illustrated
with PCBs. Sediments in which PCBs
have accumulated may not only act
as sinks but can subsequently become
sources. It has been shown that PCB-
contaminated sediments later released
the PCBs - they are not bound indefi-

nitely. This release was a consequence
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Comparison of the one-electron reduction potentia (EV (ArNO)/0. 059V) with the reactivities of ten
different nitroaromatic compounds (y axes) in three different systems.

of the production, through reductive
dechlorination, of less chlorinated
PCBs which are more soluble in water.

Chemical and Biological
Reductions

In order to use reductive transfor-
mations in technical applications or
to more accurately predict the way a
compound will behave in the environ-
ment it is necessary to have a good
understanding of these processes in
terms of their scope, rate and rate-
limiting steps. Studies to date have
shown that reductive transformations
can be either chemical or biological
(Fig. 2). The term chemical in this
context means that no living organism
is directly involved in the reduction,
and biological means that although
the reaction is chemical it is catalyzed
in an organism by enzymes. In chemi-
cal reductions the reducing agent, ie.,
the compound supplying the electrons,
is often made available through a bio-
logical process (Figs. 2A + B). In such
cases the biological supply of reducing
agent and the actual chemical reductive
transformation can proceed either in-
dependently of each other (Fig. 2A) or
be closely coupled to each other and
interdependent (Fig. 2B).

An Exai’nple of a Chemical
Process: the Reduction of
Nitroaromatic Compounds

. The reduction of nitroaromatic com-
pounds is a suitable example for a dis-
cussion of chemical reductive transfor-
matjons [2]. The frequently observed
very rapid reduction of nitroaromartic

compounds in samples of anoxic soil or
sediments clearly indicates a non-bio-
logical process. Moreover, nitroaro-
matic compounds are very suitable
model compounds for studying redox
processes. The transfer of the first elec-
tron to the nitroaromatic compound
is reversible, allowing measurement of
an one-electron reduction potential.
This is an indication of how difficult it
is to reduce a particular nitroaromatic
compound. Measurements in different
systems have shown that this parameter
— the reduction potential for the trans-
fer of the first electron — does not
permit general staternents on the reac-
tivity of nitroaromatic compounds in
the environmenc (Fig. 3).

A good correlation berween the
one-electron  reduction  potential
(EL (AINO,)/0.059V) and the trans-
formation rate with a slope of 1 was
found for a system in which hydrogen
sulphide is the reducing agent and
natural organic material acted as the
caralyst for the reaction. The reaction
rate varied over four orders of magni-
tude, ie., the most reactive compound
reacted ten thousand times faster than
the least reactive compound. In a sys-
tem using reduced iron and iron min-
erals the reaction rate was only one
hundred times faster with the most
reactive nitroaromatic compound then
with the least reactive; in a sediment
column the reactivity of the different
nitroaromatic compounds was exactly
the same.

Although the one-electron reduction
potential is not suitable for providing
generally valid predictions about the
reactivity of nitroaromatic compounds
under environmental conditions, the

use of this parameter in a given system
allows evaluation of the rate-limiting
steps. In certain cases it is even possible
to deduce information about the redc-
ing agent responsible for the reaction.
In natural organic material quinone-
like structures can catalyse the reaction
and in sediment columns surface-
bound reduced iron species are postu-
lated as the primary reducing agents.
In the sediment column, in which all
nitroaromatic compounds were equally

reactive (Fig. 3), the chemical reductive

transformation by reduced iron was
very closely coupled to the biological
regeneration of the reducing agent. The
equal reactivities of all nitroaromatic
compounds was a consequence of the

- slow biological regeneration of the re-

duced iron (Fig. 4). This iron reduction
is an anaerobic respiration process, ie.,
oxidized iron is used instead of oxygen
in the metabolism of certain bacteria.
Iron reduction in the sediment column
was limited by the presence of easily-
degradable organic material. If acetate
was added to such a system the trans-
formation rates increased directly. The
acetate was immediately used up and a
considerably higher amount of nitro-
aromatic compounds was reduced in
the same time period. If the nitroaro-
matic compound was omitted then
only a very small quantity of the acetate
was consumed, clearly illustrating the
close correlation berween the reduction
of nitroaromatic compounds and ace- |
tate oxidation.

NH,

Acetate

Fe(lll)

R
chemical k
NO2

rate-limiting step

Fig 4
Direct coupling of bivlogical oxidation of acetate
and the chemical reduction of nitroaromatic

compounds through reduced tron (Fe(ll)).
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An Example of a Biological
Process:
Reductive Dechlorination

In contrast to nitroreductions, many
reductive dechlorinations of chlori-
nated compounds are purely biological
processes [3]. Long adaptation periods
of months which are necessary before
dechlorination- can even proceed are
one argument for biological processes.
Furthermore, reductive dechlorination
reactions are often very specific so that
only one substituent chlorine atom at
a particular position in the molecule
is cleaved by a bacterial enrichment
culture. If the substituent chlorine
atom is in another position then the
same bacteria are unable to dechlori-
nate the compound. Bacteria which
catalyse such reductive dechlorinations
do so either as a respiration process or
as a side reaction (Fig. 5). In the last
case the bacteria do not profit from the
high energy content of the reaction. A
large range of anaerobic bacteria are

A Respiration

organic

Electron donor
pollutant,,

(CHZ0; Hy)

pollutant 4

B : Co-metabolism

organic
pollutant,,

Electron donor

Electron acceptor,,
(CHoO; Hy)

{NOs, Fe(lll), Mn (IV),
S04 COp)

Electron acceptor, oy
(N2, NHy, Fe(ll), Mn (i),
HpS, CHy)

organic
pollutant,,4

Fg 5

Reductive dechlorination by anaerobic bacteria.
Reductive dechlorination is performed by bac-
teria in two ways, either in the course of a

respiratory process (A) where the chlorinated -

compound. is important for the survival of
the organisms or solely in a side reaction (co-
metabolic reaction (B)). Such bacteria do not
require the chlorinated compound for their
survival, but also do not profit from the energy-
rich reaction. '
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able to catalyse these reactions. The
enzymes in the bacteria which catalyse
the dechlorinations are not specifically
adapted to the reactions and normally
catalyse another reaction. For example,
the enzyme in methanogenic bacteria
responsible for the reductive dechlori-
nations normally catalyses the last step
of methane production.

The bacteria which use a chlorinated
compound in a respiration process ex-
ploit the energy of a reductive dechlori-
nation reaction [4]. In these bacteria
the oxidation of an electron donor,
such as organic matter, and molecular
hydrogen is coupled to the reductive
dechlorination and not, as in other
bacteria, to the reduction of oxygen,
nitrate, iron, manganese, sulphate or
carbon dioxide. Debalobacter restrictus,
a bacterium which dechlorinates per-
chloroethylene to dichloroethylene, is
so specialized that it is still not known
which electron acceptor this bacterium
used before perchloroethylene entered
the environment. The grear difference
between these bacteria and those which
only dechlorinate in a side reaction
is that their rate of dechlorination
is much higher. Debalobacter restrictus
thus dechlorinates perchloroethylene
twelve thousand times faster than a
methanogenic  bacterium. Further-
more, considerably less substrate (elec-
tron donor) has to be added to the

* culture. Approx. 90% of electrons lib-
 erated during oxidation of the electron

donor are used for the reductive
dechlorination — in contrast to only
fractions of one per cent for metha-
nogenic bacteria. Bacteria in which

*dechlorination is part of the respiration

process are therefore much more attrac-
tive for use in clean-up measures than
bacteria in which dechlorination is
only a side reaction. -

Conclusions

Organic pollutants such as nitroaro-
matic and chlorinated compounds
which can only be degraded with dif-
ficulty, if at all, in the presence of
oxygen undergo reductive transfor-
mation under anoxic conditions. With

nitroaromatic compounds this means
that the nitro groups are converted into
amino groups; with chlorinated com-
pounds, one chlorine atom is replaced
by one hydrogen atom or a double
bond is formed. These transformations
do not correspond to the processes
which are commonly referred to as
biodegradation, namely the conversion
to mineral components. The products
formed by. these reductive transfor-
mations may be harmless compounds
or compounds which under other con-
ditions are mineralized by bacteria. In
some cases products may be formed
which are considerably more toxic
than the parent compounds. Reductive
transformations can be chemical or
biological processes or a direct coupling
of both processes. A good understand-
ing of such processes enables state-

ments to be made about the fate of the ,

above mentioned organic pollutants in
the environment. This in turn opens up
new avenues and approaches to the
technical and biological treatment of
polluted areas.
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- The Contribution of
Municipal Drainage to
the Accumulation of
Pollutants in Soil

Rainwater flowing off fixed surfaces in urban areas is often highly
polluted with heavy metals. Depending on the sewage system, the
pollutants accumulate in the hydrosphere or in the pedosphere (soils).
In both separate and combined sewer systems, highly diffuse heavy
metal deposits gradually accumulate. In runoff water infiltration
systems, the heavy metals are contained, but very quickly build up in
the soil. Accumulation must be better controlled in the future. In the
long term, only measures at the source can prevent environmental

" pollution by heavy metals.

Rainwater as a Source of
Environmental Pollution

Water drained from municipal areas is
classified as wastewater, regardless of
whether the water entering the sewage
system is contaminated or not. Cer-
tainly, sewage from domestic and
industrial consumers which contains
large quantities of dissolved and solid
matter is considered contaminated;
however, it is more difficult to evaluate
runoff water derived from rainfall.
Recent studies on the quality of runoff
waters have demonstrated that surface

water drainage from roads and, to
some extent, from roofs and traffic- -

free zones, contain pollutants. The
designation “non-polluted” is most
properly applied to extraneous water
which is often drained in greater quan-
tiies and derived from infiltrated
groundwater, street fountains, small
bodies of surface water and the like
which enter the sewage system.
Substances transported in different
wastewaters from urban areas create
material flows which ultimately leave

traces in the hydrosphere, pedosphere .

or atmosphere. The historical develop-
ment of water technology, in terms of
the construction measures designed
to prevent water pollution, tried to

minimize such traces. Since our society
decided around 1920 to use water as
a means of transporting a part of our
domestic wastes, we have always sought
to abrogate or reduce the negative
effects of sewage disposal in receiving
waters and deposition of sewage sludge
on agricultural land. Since the start of
the post-war era, a series of primarily
technical measures, later supported by
legislative regulations, were intended to
solve the problems caused by residuals
contained in treated wastewaters. The
ever-increasing number of treatment
steps cleatly shows-the limitations of
end-of-pipe measures. One of the last
measures has been a switch in munici-
pal drainage policy with the aim of
promoting local water cycles through
the infiltration of non-polluted waste-
water.

The Removal of Wastewater
Creates Material Flows

Consider the most widespread drainage

system in Switzerland — the combined

system— in which contaminated waste-
water is mixed with rainwater and ex-
traneous water flows and discharged
together. In principle, residual matter
from domestic sewage is manifest

‘either in the receiving body or enters
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. Drinking water
Rainwater - Roof runoff Road surface” max. value

TSS g/t 8.5 70 200 ’

Cd pg/! 14 0.65 1.7-5 . 5

Cu g/l 1 200 90 1500

Pb g/ 35 130 T170-500 50

Zn pg/l 85 400 400 5000
“Lower values for residential roads, higher values for motarways

Table 1

Mean concentrations (Ug/L) in rainwater and surface water runoff from roof and roads.

the sewage sludge in the course of solids

removal, eventually contributing to
pollution of the pedosphere. Whether
environmental pollution takes the
form of water or soil contamination
depends to a large extent on the con-
taminants under consideration; thar is,
on their physical, chemical and biolog-
ical properties, the chemical conditions

at the interfaces of solid surfaces, and

on the drainage and treatment systems
for the wastewater.

The behavior of substances in waste-
water can be elucidated by monitoring
mass balances and mass flow rates in a
drainage area. It is important to recog-
nize that there are substances which
primarily pollute the hydrosphere and
those which mainly pollute the soil.
Their diffuse removal in the hydro-
sphere through wave action and sedi-
ment transport is difficult to monitor
or control, whereas disposal in soil or
in stationary lake sediments results in
localized contamination which, in the
absence of degradation, will lead to
their accumulation at concentrations
proportional to the quantity disposed.

Of the substances which enter the
pedosphere, heavy metals occupy a
special position. They are completely
recalcitrant, for the most part bound to

particulate phases, relevant in terms of

environmental toxicology and yer can
be analyzed more easily than many
organicsubstances. They are of particu-
lar importance in municipal drainage
because they originate from' polluted
domestic and industrial wastewater.
They are also present in significant
quantities in wastewaters such as runoff
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from roofs, squares and roads which, to
date, have been regarded as more or less
unpolluted.

Of the numerous heavy metals

which pose a threat to the environ-
ment, cadmium, copper, lead and zinc
are the most prevalent when judged
by established contamination criteria
(e.g., soil contamination standards). In
general, heavy metals are strongly

" bound to the particulate phase, i.e., the

sludge. This has long been known and
is important in light of alternative
municipal drainage systems as dis-
cussed below.

Removal processes resulting from
adsorption and precipitation lead to
an accumulation of heavy metals in the
sludge. Since the sludge remains in a
waste treatment plant much longer
than the wastewater itself, heavy metals
accumulate in the sludge with enrich-
ment factors of 1000 or more. Conse-
quently, the question of how they can
be prevented from entering wastewater
is posed. A large number of steps have
been taken in the last 10 years to reduce
the heavy metal output from industrial
and commercial effluents, resulting in
a slow but continuous reduction in the
heavy metal content of sewage sludges.
In contrast, so-called “diffuse” heavy
metal contributions have increased in
importance. Analysis of heavy metal
input in municipal areas has clearly
shown that substantial quantities are
derived from “uncontaminated” waste-
waters which enter the drainage system
via runoff during rainfall events from

_dry and wet depositions on solid-sur-

face areas.

A Case Study of Heavy Metal
Flow

A case study was carried out in the
St. Gallen urban area to establish the
importance of heavy metal input from
runoff wastewater. This same area was
the subject of the recent “Metapolis”
study conducted by the Resources and
Waste Management Department of
EAWAG [1], which considered the
entire materials flow  through the
municipal area. The objective was to
estimate the heavy metal loads at dif-
ferent points in a domestic drainage
system and to quantify the importance
of various sources. ‘

Such a mass flow analysis is not easy
to establish. Background information
is needed to fill in the values at the
desired points along the flow chart.
Some material flows are not precisely
known and must be estimated, while |
others can be easily measured. The
quantification . of heavy metal loads.
entering a system via runoff water is
especially difficult. Rainfall ‘intensity
and duration, duration of the previous
dry period, atmospheric loads on the
area under study, characteristics of sur-
faces, and sampling modality are some
of the parameters which resultin a large
scatter of measurements and make an
estimation of average loads difficult. To
provide additional data on water runoff
from roofs, the EAWAG is currently
conducting studies using three differ-
ent rooftops in Ziirich. Preliminary
results suggest that the concentrations
of various substances fluctuate consid-
erably, with peak concentrations mani-
fested within the first 30 minutes of -
rainfall, especially from steep roofs. In
addition to the shape of the roof, the
use of copper and zinc piping is of
critical importance in determining the
concentration and loads of both heavy
metals. ,

Only such studies considering the
dynamic behavior of runoff pollutants
allow calculation of so-called equiva-
lent mean concentrations of substances
and annual substance loads for mass
balance analysis. A study of the litera-
ture has so far only yielded character-
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ization of surface water runoff from
roads and roofs as shown in Table 1.
In general, the importance of concen-
tration in runoff water has not been
fully elucidated. The maximum drink-
ing water values are given for compari-
son purposes only. As may be seen,
rainwater contains critical heavy metal
concentrations compared to drinking
water, while the values for surface water
runoff from roofs and roads are unsatis-
factory in qualitative terms.

If these concentrations for runoff
waters are extrapolated to the case
study area of St. Gallen; it is possible
to estimate the importance of diffuse
components in rainwater compared to
municipal and industrial contribu-
tions. The results in Fig. 1 show that
for all of the heavy metals considered,
except Zn, quantities contributed by
rainwater runoff are greater than from
other potential sources. This neglects
the possibly higher number of water-
conducting parts of copper and zinc
for roof runoffs which lead to ini-
tial concentrations of thousands of lig
metal per liter of water and mean con-
centrations of 100-400 pg/L Cu and
1000-5000 pg/L Zn.

Effects of Alternative Drainage
Systems

So far only combined drainage systems
have been considered in which rain-
water and their heavy metal loads are
channelled in part via rainwater over-
flows into receiving waters or into sew-
age treatment plants and consequently
into the sludge. However, supported
by new legislation to. protect. water
quality, efforts in the future will focus
on other types of municipal drainage
systems in which runoff water is
drained separately and, if possible,
allowed to percolate through the soil as
close as possible to the point of precip-
itation. The construction of infiltration
sites is required by law for urban areas.
‘Guidelines on general drainage system
design for municipal areas have been
recently published by the Swiss Society
of Sanitary Engineers (VSA) and by
many local ‘water authorities.

Fig. 1 %
The contribution of runoffwater to the 1007
total concentration of heavy metals in
municipal dminage systems. 801
601
40
| Road runoff 20t
| Roof runoff v 0

T Domestic wastewater

There are three basic scenarios which
differ, particularly in terms of runoff
water drainage: (1) the conventional
combined drainage system; (2) the sep-
arate sewer system with direct flow of
runoff water into the receiving bodies;
and (3) decentralized infiltration of

rainwater, where possible. These three

drainage concepts are visualized below
for St. Gallen with estimates of the
consequent material flows of heavy
metals. In addition, the final locations
of the heavy metals and their accumula-
tion rates are assessed.

Combined Drainage System

In practice, the three systems differ
considerably with respect to the contri-
bution of rainwater to the total flow.
Since with the combined system the
highest loads of heavy metals flow via
the drainage system into the sewage
treatment plant, the accumulation of
heavy metals in sludge results from
their strong binding to particulate

Cd Cu Pb Zn

matter. Depending on the nature of
sludge disposal, the heavy metals can
end up in landfills or on agricultural
land. There has been a resurgence in the
use of the latter and, in some regions, it
accounts for 70% of sewage sludge
disposal. Taking this value as a basis,
accumulation of heavy metals in addi-
tion to the natural precipitation loads
accur and result in accumulation rates
shown in Table 2. According to agri-
cultural guidelines the maximum per-
mitted. sludge spreading rate is 5 t/ha
per annum (max. rate); however, real-
istic' rates are in order of 1 t/ha per
annum. If the enrichment rates so cal-
culated are extrapolated, and the appre-
ciable present heavy metal content of
agricultural soil is taken into account,
the heavy metal soil standards of regu-
lating toxic materials in soil (VSBo,
9.6.1986) will be reached within about
100 years. Despite this relatively slow
accumulation, toxic material contami-
nation is still problematic, since the

Rainfall Spreading of Total incorporated VSBo  |Background
sewage sludge in soil agricultural
{Top 30 ¢m) (Top 30 cm) conc."
Max. Rate | Eff. Rate | Max. Rate | Eff. Rate
gha@'a” | ghaTa? | gha”'a’ | gha'a'| gha'a' | gha g ha™
Cd 21 4.4 09 25.4 219 3600 1080
Cu | 143 | oesm | 131 | 798 274 | 225000 | 108200
Pb 504 B17 123 121 627 | 225000 | 96300
Zn | o147 | -28s6 | B71 | 3903 1618 | '900000 | 254250

" Values of the AGW for the Canton of Zilrich for the first 20 cm of topsoil (2]

Table 2

Heavy metal accumulation in agricultural soils due to wiinfall and spreading of sewage shudge
(g ha! a); additional loads from fertilizers not taken into account.
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distribution of the heavy merals is both
diffuse and irreversible.

Separate Sewage System

With consistent implementation of
the separate sewer system concept, the
heavy metals would primarily flow into
the receiving water via storm sewers.
“Since most of the heavy metals will
be bound to particulate matter, they
would mainly accumulate in the sedi-
ment. In flowing waters, the contami-
nated sediments will be removed and
deposited without control, while they
may be localized in the sediments in
still waters. It has been observed that,
as in the St. Gallen case study, the
least favorable discharge conditions
with weak dilution of the wastewater
in the receiving body could lead to
concentration peaks of heavy metals
which at times are considerably above
the standards of the regulations for
wastewater disposal. ‘

Infiltration of Stormwater Runoff

With the third alternative, in which

stormwater is allowed to percolate

_through the underground, the elevated |

heavy metal concentrations lead to an
enrichment in the soil of the infiltra-
tion sites. Instead of a diffuse distribu-
tion, there is a strong concentration
effect in the finite volume of soil ma-
terial. If a mean soil permeability coef-
ficient of 10~ m/s is assumed, the
infiltration area accounts for approxi-
mately 6% of the drainage area taken
into consideration. For St. Gallen, this
means that a roof surface area of 46 m?
and a street surface area of 64 m? per
inhabitant require infiltration areas of

2.8 m?%inhabitant and 3.8 m?/inhabit-
ant respectively, on which heavy metal
accumulation occurs at higher rates.
Depending on the construction of the
infiltration site, the runoff water can
percolate through permeable troughs
into the soil surface (first 30 cm) or
into subsurface infiltration shafts
(100-200 cm below surface). If the
runoff water is percolated into troughs
at the soil surface, the already existing
heavy metal solution has to be added to
the loads caused by stormwater infiltra-
tion. Today, this pre-load is consider-
able and markedly shortens the time
until soil standard values for heavy met-
als are reached. As the data in Table 3
illustrate, the metals Cu and Pb are
especially critical. If the analysed soil
contamination in urban areas [2] by the
AGW Ziirich is adopted as a basis in
othersoils, trough infiltration would be
ruled out because of the Pb already
accumulated. The soil standards for the
other metals would be reached within
less than 10 years. With infiltration
shafts, the accumulation would be
spread over a larger soil volume and,
since it is further in the underground,
the soil would be free of prior contam-
ination. In that case, the calculated
time period until soil standards are
reached is 20 to 50 years or more,
depending on whether the runoff is
from streets or roofs.

The actual course of heavy metal
accumulation can be visualized with
the help of soil profiles in infiltration
installations operated over a number
of years. Two different installations
were evaluated in Basel city and Basel
canton for this purpose. In one case,

surface water from the street was chan-
nelled into nearby fields; in the other,
street runoff was allowed to percolate
through shafts into the ground. The
results of the studies confirm thart the
soil standards have long been exceeded
for both cases and, as expected, infiltra-
tion on the soil surface leads to accu-
mulation in the first 30 cm below sur-
face, whereas in shafts, the metals are
enriched over a depth of 150~200 cm.

Comparison of Drainage
Systems

As can be seen from the flow chart for
copper in Fig. 2, the type of drainage
system will determine the final pol-
lution sites in the environment. With
combined sewers, Cu will primarily
accumulate in agricultural land and in
landfills. With separate sewers, it will
also accumulate in the sediments of
receiving waterbodies. With storm-
water infiltration, it will accumulate in
the soil beneath the installations. This
comparison suggests that in combined
and separate sewer systems the heavy
metal loads are distributed over the
land or into waterbodies in 2 very dif-
fuse manner. Diffuse loads, in general,
result in lower specific accumulation
rates; however, their widespread distri-
bution is not desirable in the long term.
Depending on the heavy metal and its
concentration in runoff waters, sooner
or later it will result in unacceptable
levels of heavy metals in land used for
agriculture and in waterbodies and
their sediments. Stormwater infiltra-
tion installations, in which the main
loads are concentrated in the soil layers

Type of Roof runoff | Road surface | Municipal VSBo guide Years until Years until
seepage water background values VSBo reached, | VSBo reached,
Eevels Roof Road

Table 3 I o -1 4

Heavy metal concentra- gtyn @ Q.tdm, a- g tan. g tin a . a

tions in topsoil (30 cm) Trough Cu 11.2 5.2 33 50 15 3.3

and subsoil (100 cm) Pb 74 10.0 48 50 0.3 ~0

with trough and shafi/ | Shaft Cu 23 1.0 33 50 22 50

trench seepage. Pb - 15 20 18 50 33 50

d.m. = dry marter :
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and are present in relatively
clearly defined horizons, are
preferred in this respect. The
danger of diffuse transport and
entry into groundwater over a
longer period, however, cannot

be ruled out.

The Options

The current means by which
general contamination of run-
off water is dealt must be re-
garded as irresponsible, since
accumulation is diffuse and
uncontrolled. Since there is a
clearly defined cause-and-effect
relationship  between heavy
metal loads and pollution of
the atmosphere, heavy metal
emission should be eliminated
or reduced at the source where
posSiblc. However, due to other
pressing problems with air pol-
lution, a reduction in the con-
centration of heavy metals in
the air is only one facet of a
much larger problem. Though

- difficult to quantify, there are

additional contributions of
copper and zinc, in particular,
from roofing and rainwater pip-
ing materials. Obviously, the
situation would be improved
if other types of materials were
used. In most cases, action tak-
en to tackle contamination at
its source will require many
years for implementation with
objectives met only infrequent-
ly. Efforts to reduce emissions
over a timescale of decades,
therefore, need to be supported
by technical measures in order
to climinate heavy metal con-

‘tamination of the environment.

In comparison, the new
drainage concept employing

Fig. 2a-c
a) Copper flow in combmed sewer sys-
tem

b) Copper flow in separate sewer system -

' ¢) Copper flow in systems with storm-
water infiltration facilities

decentralized stormwater infil-
tration from roofs and areas
with little or no traffic appears
to be a sensible approach,
allowing the planned accu-

- mulation of heavy metals and

other well-adsorbable impuri-
ties present in rainwater runoff.
Itis proposed that special adsor-
bent granular layers be incor-
porated; their composition and
effect are the subjects of addi-
tional studies. The technical
arrangement should allow ac-
cess to the adsorbing layers so
that they can be easily removed,

replaced, and handled.
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Long-term Behaviour
of Landfills |

Implications for Practice

The term “final storage site” for waste has been redefined by the
Guidelines for Waste Management in Switzerland. Waste should only
be stored under conditions in which the chemical and physical pro-
perties of air, water and soil are not significantly affected over the

Yvo Weidmann
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Annette Johnson

long term.’
Landfills as Archives

Waste disposal sites which were estab-
lished in the past now constitute suit-
able archives for assessing the long-
term behaviour of waste material. Such
archives are particularly suitable where
waste of the same or similar physico-
chemical nature was stored in the same
landfill.

Geogenic deposits (sediments, rocks,
soil, ores) are also archives. The pro-
cesses of dissolution (chemjcal weath-
ering), transport and precipitation
(enrichment) of natural substances are

Thomas Lichtensteiger

- Fig. .1

reflected in them. Requirements of
landfills in terms of “final storage
quality” and site criteria are derived
from an understanding of the pro-
perties and behaviour of ' geogenic
deposits. Knowledge of the formation
of the corresponding deposit or mate-
rials therein can be applied to make
predictions of the long term behaviour
and suitability of a site.

The move away from the direct
storage of domestic waste to its pre-
treatment in waste incineration plants
was an important step towards more
controlled storage: combustion resi-

Bottom ash viewed through a transmitted-light microscope (thin section). .
Melt with an opague microcrystalline core zone, gel border and spicular crystal growth (silicate),
embedded in an iron oxide-vich silicate matrix with spicular to columnar silicate crystals of different

types.
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Fresh sample

0.5-1year
‘ D Ca Silicate, HCOg3, etc
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CaCo,
10 years Bl ca(OH), and further bases
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Buffer capacity mmol/g bottom ash
Fig. 2

Buffer capacity of fresh and aged bottom ash. The aged samples were obtained from the Riet landfill

in Winterthur.

dues have much more defined proper-
ties than untreated domestic waste and
require less post-treatment [1].
However, the products of present-
day waste treatment plants do not meet
“the requirements for final storage.
Emissions from inorganic residues of
incineration mainly consist of salts
and in part anions of heavy metals.
Although the heavy metal cations are
only found inlow concentrations in the
leachates they can be expected to persist
over centuries [2]. By comparison, the
life of technical barriers is of the order
of decades, so that it would be a false
policy to rely solely on such barriers.
It is therefore essential to understand
the factors governing leachate quality
and the role of geological substratum
in its role as a geological barrier.
‘Waste management embraces differ-
ent technical and economic aspects.
This article will concentrate on just
two-technical aspects, namely the qual-
ity of stored waste and the investigation

of landfill sites. The aim is to deposit -

waste in the future so that the chemical
and physical properties of water, soil
and air in the vicinity of the landfill are
not adversely affected and so that the
waste stored is available as a resource for
subsequent generations.

We will show, taking bottom ash
from municipal solid waste incinera-
tors as an -example, how long-term
behaviour can be inferred from a
knowledge of its origin and properties.
In the section on “The Landfill Site”

the importance of the inhomogeneity
of the substratum will be discussed
where substances are released from the

landfill body.

Municipal Solid Waste
Incinerator Bottom Ash
Composition

Bottom ash from grate incinerators
comprises ash, melting products and

material-specific components. Ash and

melts together form the bottom ash

matrix. .

The ash is a mixture of: - ‘

1. Inorganic residues from the combus-
tion of plastics, paper, cardboard and
organic waste,

2. Soot particles from incomplete com-
bustion, ‘

3.Non-combustible ~dust particles
which are introduced into the fur-
nace with the waste, and

4. Fine-grain particles of broken glass,
ceramics, rock and metal compo-
nents, or their corrosion pfoducts.

Components with a diameter above
2 mm can be recorded as separate com-
ponents and assigned to a specific
material category. These include, in
particular, broken glass, ceramics, rock
fragments, metal parts and organic res-
idues which have not or only partially
been mineralized.

The melts range in size from mm to
cm, and are irregularly shaped clumps.

They are predominantly of silicate
composition and are to a large extent

amorphic (vitreous) with numerous
crystallized products (silicates and
oxides) [3].

Silicon, calcium, iron, aluminium,
potassium and magnesium oxides ac-
count for approximately 95% of the
total weight of bottom ash. Potential
environmental pollutants such as salts
and heavy metals are present at con-
centrations 1-2 orders of magnitude
higher than in the geogenous reference
strata (rocks of the earth crust), namely
at g/kg levels. Their leaching behaviour
is controlled to varying degrees by the
main components. The concentration
of soluble salts is predominatly deter-
mined by physical processes, which in
turn can be influenced by the reactivity
of the main components [4]. The main
constituents are the primary. deter-
minants of the mobility of the heavy
metals. They control the leachate com-
position and the sorption properties of
the bottom ash.

A knowledge of the geochemical
properties of the bottom ash is neces-
sary for any predictions of leachate
composition. Bottom ash composition
and behaviour as a function of time
are decisive for leachate quality and
possible release of heavy metals into
the substratum.

Long-term Behaviour of Bottom Ash

To date little is known of the long-term
behaviour of bottom ash. Studies have

- concentrated on leachate composition.

Readily soluble salts dominate the
leachate composition. Sodium, potas-
sium, hydroxide, chloride and sulphate
are the predominant ions in the alka-
line leachate. Calcium concentrations
are controlled by the precipitation of -
gypsum. Most heavy metals remain
practically immobile.

Processes in the Stored Bottom Ash

The vitreous substances formed in the
waste incineration plant ‘are thermo-
dynamically not stable. In the landfill,
they begin to react with air and water.
Small particles of melt mixed in with
bottom ash are the first to react and
result in the immobilization of the
waste deposits within months. Gel-like

21
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shells form around the individual
products of melting (Fig. 1). Hydrated
calcium silicate phases, known from
cement chemistry, then start to crystal-
lize out. Similar processes are also
known from the transformation of vol-
canic glass. Further constituents such
as iron and aluminium also contribute
to long-term reactivity. Neutralisation
reactions accompany recrystallisation
processes. A reduction in acid buffering
capacity has been observed within
weeks of fresh bottom ash being stored
[5]. Titrations of bottom ash taken
from the Riet landfill have demon-
strated that the buffer capacity is
much reduced after 10 years compared
to fresh bottom ash and is exclusively
due to calcium carbonate (Fig. 2).
Since the alkaline characteristics of
fresh bottom ash are mainly deter-
mined by the calcium compounds, the
reactivity of those compounds has a
major influence on the development of
buffer capacity and thus long-term be-
haviour. Calcium is present in the form
of calcium carbonate (ca. 17%), hy-
droxide or soluble alkaline calcium sili-
cates (ca. 17%) and less soluble com-
pounds (ca. 66%), probably crystalline
calcium silicates [6]. The formation of
insoluble calcium compounds pro-
ceeds for the first few years after they
have been established. It is in direct

competition with the production of

calcium carbonate.

The reduction in buffer capacity
results from internal neutralization
reactions, the leaching of bases and the
input of acids. The conspicuous drop
in buffer capacity over the first years
is most probably due to internal neu-
tralization processes and the binding of
calcium in insoluble compounds. Acids
which are transported into the bottom

ash body through wet deposition or

which originate in the bottom ash body
play a lesser role. Internal acid produc-
tion through the oxidation of iron sul-
phides is only likely to reduce buffer
capacity by a maximum of approx. 5%.
The degradation of organic carbon
could possibly have a greater effect on
buffer capacity [5]. However, little is
known about the kinetics. Calcium

24

carbonate, the solubility of which is
governed by carbon dioxide partial
pressure, is the dominant buffer in

older landfills.

Mobility of Heavy Metals

The reactivity of bottom ash is of
importance to the mobility of heavy
metals. Heavy metal cations, the mo-
bility of which is limited by poorly-
soluble solid phases and adsorption
processes, can be released as a conse-
quence of the drop in leachate pH. We
can assume that the calcium carbonate
content is the predominant factor in

buffering leachate pH-values. Assum-

ing an homogenously-reacting block
without preferred leaching  paths,
with a calcium carbonate content of
approximately 0.5 mmol/g (5%) and
an annual water (pH 4.3) inflow of
400 /m? and at a CO, partial pressure
of 0.0003 atmospheres, the neutralisa-
tion rate (sum of calcium ions trans-
ported out and acid input) will be
approximately 0.2 mol-m=2a~!. This
means that the carbonate buffer in a
layer approximately 1 m thick will be
exhausted after approximately 4000
years. It must be borne in mind, how-
ever, that preferential leaching paths,
unknown reactions or kinetics make
predictions difficult. External influ-
ences play a much greater role in shal-
low deposits than in deeper deposits of

a monofill. In practical terms this

means that with the quality of bottom.
ash today its storage in a landfill is
preferred to that in a shallow road layer.

The Landfill Site

The original approach to the selection
of landfill sites was generally to use pits
after extraction of their raw materials
(clay, sand, gravel and limestone) to

deposit waste of very variable composi- -

tion. These landfills are today regis-
tered as potentially contaminated sites.

More suitable, and today required by
legislation, are sites with a geological
substratum of poorly permeable sedi-
ments where the leachate from landfills
cannot adversely affect groundwater or
surface waters. '

The aim of the Guidelines on Waste
Management in Switzerland [EKA,
1986] and the Technical Regulations
governing waste management (TVA)
is to convert waste into a unreactive -
physico-chemical state, thus consider-
ably simplifying the search for suitable
landfill sites.

Even so, highly concentrated resi-
dues will still be produced in future
and will only remain stable over long
periods under special conditions (eg.,
pH or oxidation conditions). The
choice of geological site thus remains
important. The geogenous rock strara
of a landfill act as a further barrier but
they also have to guarantee stable stor-
age conditions. Selection of a landfill
site requires a knowledge of rock-water
interactions and watercourses. In both
cases the heterogeneous nature of the
substratum plays an important role and
can include the spatial arrangement of
distinguishable lithologies (rock units),
the distribution of hydraulic character-
istics and the distribution of surface
properties of minerals etc.

Heterogeneous Substratum

Heterogeneity is exemplified here with

glacial deposits which are often chosen

as landfill sites. Glacial deposits em-
brace numerous possible elements:

¢+ Basal moraines (dense fine-grain
sediments with larger clasts (rock
components), often of low perme-
ability

¢+ Frontal moraines (heterogenous
composition, in part containing slide
sediments, different types of poorly .-
sorted sediments of varying perme-
ability)

* Lake sediments (sand, silt, clay, tend
to be of low permeability)

* Fluvial deposits in ice tunnels (often
gravels, tend to be of high perme-
ability) -

* Meltwater streams (fluvial plains in
front of glaciers, with gravels, sand,
very high permeability, very heterog-
enous) etc. ;

A major characteristic of such complex

systems is the short distances within

which a change in lithology can occur

[7]. This makes predictions about the
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Heterogeneous substratum
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geological structures exceptionally dif-
ficult. These difficulties are illustrated
by the following example. Fig. 3 shows
two cores taken from a landfill at a
distance of ca. 20-30 m apart. How
does the lithology change between
them and can the distinguishable ho-
rizons between the two bore sites be
simply interpolated? The completed
picture — a view of a gravel pit in upper
Thurtal, gives a clear answer.

Since it is virtually impossible to ever
ascertain the full extent of the heteroge-
neity of the substratum, we have to rely
on conceptual models of the formation
of a particular deposit (facies models).
This is possible because substratum
inhomogeneities follow a certain logic
which is determined by selective sort-
.ing processes during the transport and
deposition of sediments. The numer-
ous possibilities and combinations of
processes may result in the end product
appearing chaotic.

Such facies models provide us with
data on the probable arrangement and
dimensions of sediment sequences.
Considerations on the origin of a par-
ticular sediment type and its possible
neighbours play a role here. Certain
inferences can be drawn about the stor-
age environment and neighbouring
environments from sediment struc-
tures in drill cores, provided that the
integrity of those structures is retained.

This is in part possible with fine-grain
deposits but remainsan unsolved prob-
lem with coarse- gramed rock types
(coarse clasts).

Investigation of inhomogeneities is
today based not only on bore-holes but
to a large extent on ultra high resolu-
tion geophysical methods such as seis-
mic, georadar, electromagnetic and
electrical methods [8]. Together, these
methods can clarify the apparent chaos.
In summary, models or hypotheses
about the origin of deposition sequenc-
es are simply maps which provide
routes for research into relevant
aspects, such as the optimization of
sampling sites.

Conclusions

An understanding of the origin and
properties of landfill content as well
as the substratum is an important pre-
requisite for planning new landfills.

The long-term behaviour of a land-
fill can be partially predicted on the
basis of petrological, geochemical and
hydrological data. The function of the
substratum as a geological barrier can
only be understood with a knowledge
of the permeability of rocks and their
interactions with the content of
leachates.

Further, a knowledge of geological
characteristics and the origin of the

Fig. 3

Jonschwil gravel pit (Thurtal).

Complex distortions of sediment strata point to
ice tectonics or slides (sbumps) as a possible cause.

Gravel, sandy gravel
(] Send, gravelly sand

geogenous environment allow the eval-
uation of a site in terms of the degree of
fluctuation in storage conditions. Such
approaches to evaluation also provide
an impetus for optimizing waste treat-
ment technology.
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Clean-Up from the Perspective of

Environmental Science and Risk
Management
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The Objectives

The Environmental Protection Act
(USG) has formulated objectives for
sites already recognized as polluted:
“the protection of humans, animalsand
plants, as well as their communities and
biotopes, from harmful or irritating
effects and to maintain the fertility of
the soil”. These objectives are embod-
ied in numerous regulations.

The Problems

An attempt to define objectives

through precise scientific formulations

generally leads to the following prob-

lems:

1.The actual danger or potential for
danger of the pollutants (type, quan-
tity, properties) are unknown.

. 2.Physical, chemical, biological and
hydrogeological data for the site and
its environment are lacking or in-
complete. At best, hypotheses may
be formulated to decipher the routes
by which pollutants may have been
dispersed. These routes, in turn, will
depend on the geographical location,
the structure, chemistry and biology
of the soil and substratum, and the
properties of the pollutants.

3.The definition of hazard implies
endangerment to a specific situation
or object which-is to be protected.
The question is not solely one of risk,
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Using cantonal estimates as a starting point, the Swiss Federal Office
for the Environment, Forestry and Agriculture (BUWAL) has calculated
that there are some 30°000—40°000 contaminated sites in Switzerland.
Of these, it is expected that 20% will need to be investigated in depth.
Extensive clean-up will be required at approximately 500 locations at
a total estimated cost of 4 billion Swiss francs or 30 Swiss francs per
resident peryear over 20 years. Switzerland is currently embarking on
a systematic clean-up of polluted sites, but there are problems to be
solved at both scientific and political levels.

however, but embodies the defini-

tion of protection as well.
Defining protection is not simply a
philosophical declaration of-principle.
It is the basis upon which " decisions
are made. Is a suspected area contami-
nated? Should a given site be cleaned
up? To what extent are clean-up mea-
sures required in a given case? This
sounds relatively simple; however, the
definition of protection objectives is
complicated by two considerations:
(1) risk assessment and (2) a rational
means of dealing with uncertainties.
DPoliticians generally are reluctant to
tackle both the degree of damage and
the tolerance of uncertainties. Whether
damage to the environment is consid-
ered low, marginal, critical or cata-
strophic, and the degree of uncertainty
which is acceptable are political deci-
sions for which the designated authori- -
ties must assume responsibility. With-
out such decisions, or some consensus
as to how such decisions are to be
reached, the problem of soil pollution
in Switzerland cannot be efficiently
solved.

A large body of knowledge from:

the fields of environmental sciences,
environmental technology and risk en-
gineering may be judiciously deployed
or developed further in making deci-
sions impacting the assessment and

. remediation of contaminated sites. In’

the following section, we present some
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suggestions about how such problems
can be tackled and the direction addi-
tional work should take in the future.

Potential Danger.

Both the historical development and

current economic structure of Switzer-

Jand make the following contaminants

and types of sites most prevalent:

e Mineral oils and fuels (i.e., storage
and distribution centers, accidents
along transport routes)

 Chlorinated hydrocarbons (i.e., dry
cleaners, metal processing, produc-
tion of electronic components)

e Agrochemicals (i.e., production,
storage, and distribution of fertilizers
and pesticides)

o Heavy metals (i, electroplating,

tanneries)
o Toxic substance mixtures from old
sites of chemical and gas works

o Landfills (covered, for the uncon- \

trolled storage of wastes of indeter-

minate nature from domestic, small

business and industry sources)

There is little or no information avail-
able on contaminated sites from the
arms industry (e.g., production facili-
ties, test and . disposal sites). Since
Switzerland has few raw materials, any
large sites polluted by the extraction of
ores, fossil fuels, or basic chemicals can
be practically ruled out.

The Canton of Aargau’s register of
polluted sites, for example, lists a total
of 3565 suspected sites spread over
232 communities. These sites may be
classified as follows: 29% open (= not
yet full) pits; 18% municipal waste
landfills; 24% landfills containing ex-
cavated material, building waste and
inert materials; 7% multi-component
landfills without building waste; 5%
municipal waste landfills with special
waste; 1% special waste landfills; 5%
landfills of unknown content; 8% con-
taminated industrial sites; and 3% sites
with liquids which endanger water.
In Winterthur, an old industrial city, a
total of 850 suspected sites have been
identified. Of these, 200 are back-fills,
50 are accident sites and 500 are indus-
trial sites.

Archive

B

Inventory
approx. 40’000

Suspected
sites

Reconsideration

of protection goals s

Monitoring

Prelim. study
approx. 8’000

Potentially
contaminated
sites

approx. 6’000

i Detailed study

Archive |~ . oo 2000

Contaminated
Monitoring sites
approx. 1'500

Archive |- - zg;nr(e)giiaéigg
Technical
remediation

Fig. 1 . !

A concept for the evaluation of polluted sives (from {1]).

These estimates clearly illustrate the
range of contaminants and types of
sites that have already been identified
in Switzerland. Many cantons have
identified their suspected sites or are
in" the process of doing so; others
have only started to establish a register.
BUWAL has formulated a concept for
evaluating polluted sites [1]. The pro-
cedure is divided into four phases as
illustrated in Fig, 1:-

Phase 1: Documentation and initial
assessment of suspected sites in a
rapid and cost-effective way with the
aim of recording a large number of
sites where there is risk. Prioriti-
zation of sites in terms of the need
for further action through qualitative
risk assessment.

Phase 2: Preliminary investigation and
interim assessment to establish the

danger to the environment in each
case of high priority.

Phase 3: In-depth investigation and
final assessment for the need to
clean-up a polluted site.

Phase 4: Design of clean-up project,
implementation of clean-up and
evaluation of success of remedial
acrion. \

The first phase of site assessment has

not yet been completed in Switzerland.

A hazard evaluation is carried out in

each phase to eliminate sites of lower

priority. This involves (a) identifying -
the dangers, (b) knowing the release
routes of contaminants within defined
system limits, and (c) assessing the
likelihood of the danger actually
materializing (see Fig. 2). Evaluation
becomes increasingly time-consuming
and costly with each phase. The chal-
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Risk evaluation of contaminated sites
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- remediation | - archives
+ monitoring
Fig. 2

Risk evaluation of polluted sites.

lenge in Phase 1 lies in reaching a
decision about the classification of a
given site at a reasonable cost and then
determining the need for further action
in Phases 2; 3 and 4.

‘Release Routes for Pdlluténts

Data about the release of pollutants is

based on strict natuiral science and engi- .

neering criteria. The path by which a
given contaminant is released is depen-
dent on two factors: (1) the chemical
and physical properties of the sub-
stance itself and (2) the narture and
composition of the substratum or envi-
ronment of the polluted site.
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Environmental contaminants may
be divided into six classes:

(1) water-soluble, mobile, volatile and

reactive/degradable (i.e., includes

components of motor fuel and
degradation products of municipal
waste landfills)

water-soluble and mobile (e.g.,

components of motor fuel and

heating oil) '

(iii) water-soluble, highly adsorbent,
volatile and reaCtive/degradable
(e.g., acetone, toluene, xylene)

(iv) water-soluble, highly adsorbent,
non-volatile, possibly reactive and
degradable (e.g., nitro compounds,
chlorinated phenols)

(iD)

(v) water-insoluble, less dense than
water (e.g., complete motor fuel,
other fuels) :

(vi) watet-insoluble, denser than water
(e.g., chlorinated solvents, polyar-
omatic hydrocarbons)

Classes (v) and (vi) are referred to as

“Less dense than water Nonaqueous

Phase Liquid” (LNAPL) and “Denser

than water Nonaqueous Phase Liquid” |

(DNAPL), respectively.

The soil and subsoil can be divided
into five categories:

() homogenous, monolayer

(ii) homogenous, multilayer

(iii) heterogenous, monolayer

(iv) heterogenous, multilayer

(v) fissured

All categories — from homogenous

 sandy soils to fissured karst — are found -

in Switzerland. The hydrogeological
conditions, therefore, must be deter-
mined at every site. This classification
of soils and subsoils allows for both the
release routes to be postulated and the
potential risks to be identified. In addi-
tion, it gives some indication of the
difficulties inherent in cleaning up con-
taminated soils (see Table 1).

The Risks of a Polluted Site
Versus Its Clean-Up: At What
Risk?

The importance of the decisions to be

made about contaminated sites be-

comes apparent if projected costs are

assigned to the various phases shown

in Fig. 1:

* Recording of 40’000 suspected sites:
.SFr 50 million A

* Preliminary investigations of 8’00
potential polluted sites: ca. SFr 250
million '

e In-depth investigation of 2’000 pol-
luted sites: ca. SFr 500 million

e Clean-up of 500 polluted sites: ca.
SEr 2’500 million ‘

If in the course of clean-up the “wrong”

sites are cleaned up, then assuming an

error rate of 10% (50 out of 500 pol-

luted sites) would cost some SFr 250

million.
The experience gained in 'dealing

with uncertainty in classical risk engi-
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neering can also be applied to pollution
problems. The discussion below relates
to the flow chart shown in Fig. 2. The
first step is a system description: the
polluted site has to be delineated in
terms of area, impact on humans and
environment, and the time scale to be
considered. The chemicals present in
the contaminated site represent a dan-
ger which could have a negative effect
on the protection objectives.

A hazard is said to exist if an object
to be protected is exposed to a poten-
tial danger. In a stricter sense, a risk
R is described by the known formula
R =P x ED, where P is the probability,
and ED is the extent of damage. Appli-
cation of this simple formula to pollut-
ed sites, however, is fraught with prob-
lems. The probability P is a measure
of likelihood that toxic substances will
be released. To assess this, the possible
release routes must be known. It should
also be possible to formulate worst case
scenarios. The probability P thus does
not describe the possible presence of a
pollutant, but defines a time interval
within which the release route can join
‘cause and effect. From a pragmatic
perspective, the time scales for polluted
sites can be estimated to lie between ten
and one thousand years, corresponding
to probabilities of 107! to 1073, It is,
therefore, not recommended that prob-
abilities of 10410 10~ be used.

The degree of damage is directly
dependent on the pollutant potential
and indirectly a function of the protec-
tion objective or the value attriburable
to the object to be protected. A typical
degree of damage could be defined as
“a maximum value for the utilization of
ground water is exceeded by a factor of
50 in an aquifer over a ten year period”.

Since the danger (type and quantity
of pollutant) is generally unknown, or
" there is considerable uncertainty at-
tached to the determination of the

- polluting potential of a mixture of

substances, it is necessary to assume
different values (maximum, minimum
* and range). Thus the extent of damage,
ED, does not have a single value but
a whole series of values (ED,, ED, ...
ED,) or a range from ED,;, to ED,y.

As already pointed out above, it is
not appropriate to describe uncertain-
ties of pollutant potential using proba-
bilities. Consequently, the risk associ-
ated with a polluted site should not be
described by a single function (curve)
R = PxED, but by a group of curves,
R; = PxED; (1<i<n). This group of
curves can be represented in diagram-
matic form (probability vs degree of
damage). Acceptance lines can be
drawn, but must only be defined for
the range of relevant probabilities
(107! to 1073).

It is anticipated that consensus can
be reached for risk acceptance using
such an approach. Those affected by

" the risk are then able to take part in

the risk discussion with the individual
steps shown in a comprehensible form

(despite numerous uncertainties) so

that the entire decision-making process
is transparent and can be followed. In
contrast to the way risks are represented
in nuclear power, where the so-called
“risk tails” Oxeo or eox( are prominent
aspects of discussion, a constructive
risk dialogue should be more possible
with contaminated sites.

In classic risk management, the aim
is to use suitable measures to reduce
the risks so far that they lie within the
acceptance lines. Costs are always asso-
ciated with the measures which can be
optimized using cost-benefit analyses
or cost limits. Whether these tradi-

tional methods can be used for polluted
sites remains to be seen. There is con-
siderable doubt about the suitability of
such approaches, since it is question-
able whether statistical methods are
at all appropriate in the evaluation of
such items as the willingness of a
society to pay for . environmentally
friendly goods.

One point is clear from these consid-
erations: the problem of soil pollution
cannot be solved in the longer term
by scientists and engineers alone; it will
be become increasingly more impor-
tant to include economists. Judicious
political decisions require a reliable
quantification of the threat posed, its
risk and its associated costs. In the end,
the decisive factor will be whether or
not experts, affected parties and those
bearing responsibility can discuss the
problems and agree on satisfactory
solutions. .

The Situation Outside
Switzerland

Switzerland can learn most from the

“successes and failures in Holland,

Germany and the USA. In The Neth-
erlands, for example, contaminated
sites for which the pollution values lie
above the statutory limits or guideline
values are cleaned up without fail.
This approach is very unwieldy, how-
ever, as only the degree of contami-

Contaminant Chemistry
Mobile, Mabile, Strongly Sorbed, | Strongly Sorbed, | ~ Separate Separate
Dissolved Dissolved Dissolved Dissolved Phase ~ Phase
{degrades/ {degrades/ LNAPL DNAPL
Hydrogeologie | volatilizes) volatilizes)
Homogeneous .
single layet 1 1-2 2 2-3 2-3 3
‘Homogeneous ; i : -
'multiple layers:| - 1 “1".2 2 2-3 “ 2-3 ‘ 3
Heterogeneous
single layer 2 2 3 3 3 4
Hetefogensous o BT A i
multiple layers |- 2 2 3 3 8 4
Fractured 3 3 3 3 4 4

Table 1

Relative ease of cleaning up of contaminated aquifers as a func

hydrogeology.

** Relative ease of cleanup, where 1 is easiest and 4 is most difficult
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nation is established; strict procedures
for clean-up are then followed. Every
contaminated area that is discovered
is cleaned up, and there is no freedom
to allow clean-up to be tailored to the
degree of danger posed by the pol-
luted site or its later use. The Durtch
are presently revising relevant laws
and regulations. In The Netherlands,
some 200 million guilders (approxi-
mately SFr 154 million) are being
spent by the state each year for clean-
up measures. In addition, between
1986 and 1994, a 60 million guilder
research program into soil clean-up
was carried out.

In Germany, procedures have been
developed which set priorities on the
basis of the objects under threat and, to
some extent, on the basis of usage. This
ensures that each polluted site is con-
sidered individually. Those sites of high
risk are cleaned up first. Over the last
12 years, the Federal Office of Research
and Technology (BMFT) in Germany
has invested DM 200 million in clean-
up and technology development.

To date, 10 million cubic meters of
soil have been cleaned under the aus-
pices of the Superfund Program in the
USA. This is close to the quantity of
material which would have to be exca-
vated for the new NEAT Gotthard line
(14 million m3). The USA has also
made considerable progress in the con-
ceptual area. The latest developments
of the Environmental Protection Agen-
cy (EPA) (e.g., the Superfund Acceler-
ated Cleanup Model (SACM) [3] and
guidelines for defining clean-up objec-
tives [data quality objectives = DQO])
[4], show considerable promise for risk
assessment of contaminated sites. The
SACM was primarily conceived for use
by the regulatory authoritiés and opti-
mizes their approach. The DQO define
ground rules which allow the various
affected parties to rapidly agree on
clean-up aims for polluted sites. The
four key elements of the DQO are:
1. A strict delineation of political “risk

aims” and the technical discussion of

alternatives. :
2.The transformation of. political re-
quirements, inclusive of the difficult
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~ An internal EAWAG study cafrled out within the framework of the FoSP
~ “Sustainable Resource Management exempln" ed by Water and Anthro-l '

‘ pogemc Sedlments" was completed m August 1994

Mmhael Nay l1994) therature search polluted SItes, ‘
~ ~ : EAWAG Dubendorf :

; Contents The approach to clean up of pol!uted sxtes, above all in SWItzerg :
“land and Germany, data collec’non and evaluatlon, samplmg and analySIs E
research prolects relevant to polluted sntes, an overwew of clean up and :

: protectlve measures

"",Thls internal study runs s to 400 pages and is thus avallable only on disc

, dlrectfrom the author(Tel 01-823 51 55) at the pnce ofSFr 50.~
: VA’IZ

definition of tolerance of uncer-
tainties, into specific, concrete and
measurable clean-up criteria.

3. The definition of the critical require-

ments and objectives of clean-up

agreed by all affected parties.

4. The deployment of the entire arsenal
of technical measures available to
make the clean -up as efficient as
possible.

Consideration should be given to the

use of DQO in modified form in

Switzerland to solve certain difficulties

in risk assessment.

Conclusions

An estimation of the potential hazard
of a polluted site must be based on a
qualitative and quantitative knowl-
edge of physical, chemical and bio-
logical processes in terms of area and
time scale and the hydrogeological
conditions of the site.

The problem lies in determining the
level of knowledge needed and calls for
a pragmatic approach. The experience
will teach us what information suffices
for assessment and how much uncer-
tainty is allowable. In the words of
Immanuel Kant, the need to decide

is always greater than the body of

knowledge. ChemRisk® [5], which is
routinely used by the U.S. EPA, was
dcyeloped in an effort to estimate

,including

chemical risk. It is based on a natural
science/technical approach in which a
model of human exposure is elaborated
on the basis of the contaminant(s)
present. The model takes into account
the behavior of the pollutant in the
environment, its toxicology and all
possible routes of dispersal.

The objectives of protection are to be
Jormulated according to the site con-
ditions on the basis of risk assessment.

Such an approach allows each con-
taminated site to be assessed indivi-
dually and clean-up to be tailored to
future use. For instance, it is not neces-
sary for former industrial sites to meet
the requirements suitable for a child-
rens’ playground. Individual treatment
of sites allows available resources to be
used more optimally where they are
most needed.

Clean-up measures must be sound
and ecologically expedient (e.g., be
lasting), be feasible in terms of
Sfinancing and technology, and be
acceprable to society.

The stumbling blocks here are eco-
logical expediency and the accept-
ability to society. The provisions of the
Environmental Protection Act govern -
the ecological aspect, although a level
of pragmatism is needed here as well.
Acceptance by society certainly de-
pends on how informed the public is



Soil Contamination

and on how well-balanced the whole
clean-up package appears. This balance
must be based on comprehensible cri-

teria. A modified DQO could be useful

here.

The limiting factors for the clean-up
of polluted sites in Switzerland are:
(a) a knowledge of the potential haz-
ard in terms of scope and time, (b) the
time required before measures take
effect, and (c) the financial resources.

Our limited knowledge of the poten-
tial hazard, the effectiveness of clean-up
measures and the limited financial
resources mean that concerted action
is needed. The federal government
must take a clear lead, involving the
cantons and private sector and exploit-
ing existing technology to its fullest
extent. Clean-up technology is already
very advanced internationally and has
been used successfully by numerous
companies. State-supported clean-up
programs should not concentrate on

_technology development; however, a
certain degree of freedom for innova-

tion must be guaranteed for each clean-
up operation.

Polluted sites are a national problem

The identification and clean-up of

~polluted sites in many cases over-

stretches the resources of cantons,
communities and private companies.
Contamination is not just a local prob-
lem, since leached chemicals can con-
taminate ground water which is used
regionally or nationally as a source of
drinking water. The development of
evaluation criteria and the creation of
the conditions needed for prospective
risk assessment are beyond the means
of most cantons and require a coor-
dinated approach on the part of all
parties, as well as input from university
scientists and engineers and the re-
search and development facilities of
industry.

Where Do We Go from Here?

The federal government must take the
lead. Priorities and time frames must be

established for clean-up measures. To
define the basic concepts and criteria
for reaching decisions, it will be neces-
sary, inter alia, to allocate finances. The
corresponding financial instruments
are envisaged in the revision of the
Environmental Protection Act.

{1] Bundesamu fiir Umwelt, Wald und Landschaft
(BUWAL). 1994. Altlasten-Konzepr fiir die
Schweiz: Ziele und Massnahmen. Schriften-
reihe Umwelr Nr. 220. Herausgegeben vom
BUWAL, Bern.

[2] National Research Council (NRC). 1994.
Alternatives for Ground Water Cleanup. Na-
tional Academy Press, Washington, D.C.

[3] Environmental Protection Agency (EPA).
1992. Guidance on Implementation of the
Superfund Accelerated Cleanup Model under
CERCLA and the NCP. OSWER Directive
No. 9302.1-03. US EPA, Washington, D.C.

[4] Environmental Protection Agency (EPA).
1993. Guidance for Planning for Data Collec-
tion in Support of Environmental Decision
Making — Using the Dara Quality Objectives
Process (DQO). EPA QA/G-4. US EPA,
Washington, D.C.

[5] Bachmann, A. 1995. Crucial Needs for Envi-
ronmental Risk Assessment (ChemRisk®).
Proc. SCOPE/UNEP Workshop on Soil and
Groundwater Pollution, n press. .

Ecomorphological Evaluation and
Development of Streams and Stream Systems

Between 1991 and 1994, EAWAG

scientists worked jointly with the Can-
ton of Ziirich’s Department of Water
Conservation and Hydraulic Engineer-
ing to develop plans for monitoring
and assessing streams and stream sys-
tems and to establish principles for
their ecologically based development.
A final report was published in October
1994 [1].

A key feature of the program is the
use of a new method for evaluating the
ecomorphological status of stream sys-
tems. In addition to monitoring water
depth, water-level width, variability in
depths and widths, it considers channel
form, bed substrates, bed and bank
obstructions, bank vegetation, and the
use of surrounding land. The status of
the stream is then compared with a

reference status (i.e., “the natural con-
dition of the waters in the existing
cultivated landscape”). Any shortcom-
ings are noted with special attention
paid to obstructions which might
hinder the longitudinal migration of
organisms (e.g., weirs, sills and cul-
verts). Additional data on various bio-
logical indicators (aquatic plants, small
animals, fish), water chemistry, conser-
vation of nature and species, and other
features specific to the locale are also

-collected.

" The end result of these monitoring
efforts is to define the principles that
will be used to design an ecologically
based water development program.
Such a program is already in operation
in the Austrian Tyrol. The program
developed for the Canton of Ziirich is

currently serving as a basis for a na-
tional system of monitoring and evalu-
ating the ecomorphological status of
Swiss streams and stream systems. This
project is managed jointly by EAWAG
and the Federal Office for the Environ-
ment, Forestry and the Countryside
(BUWAL).

This project and its implementation
will be described in the EAWAG news
39 E. -
Michael Hiitte

[1]1 M. Hiitte, U. Bundi and A. Peter: Konzep: fiir
die Bewertung und Entwicklung von Bichen und
Bachsystemen im Kanton Zirich, 1ISBN 3-
906484-10-6 .
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Conference of the International Working Group for
Danube Research {IAD), 29 Aug-2 Sept 1994 in Zuoz

Danube Research

The IAD* is a loosely-structured
umbrella organization that coor-
dinates scientific research and
development operations currently
taking place in 14 Danube coun-

tries (from Germany to the Black

Sea, Romania and the Ukraine).
From its founding in 1956, with
Swiss involvement by Prof. Otto
Jaag (EAWAGS’ first director),

until the reorganization of Eastern

Europe in the 1980s, the IAD has

been one of the few organizations
to promote regular personal con-
tact among its members. Confer-
ences are generally held each year,
timed to coincide with the SIL**
World Congress. Organized by the
member countries on a rotational
basis, Switzerland was responsible
for the conference in 1994. Overall
direction fell to the national repre-
sentative Proff Heinz Ambiipl.
Assisted by Dz. Hans Rudolf Biirgs,
an experienced conference orga-
nizer, and his expert team consist-
ing of Christa Jolidon and Heinz
Bachmann, Prof. Ambiihl hosted
the conference in the Lyceum Al-

pinum in Zuoz in the Engadine:

region, the only Swiss catchment
area of the Danube.

It is noteworthy that the IAD
does not use formats normally em-
ployed by international specialist
conferences of this size (around
100 participants). For example, the
scientific papers, which are 2-5
pages in length, are printed before
the meeting and issued to the
delegates. They are, however, not
formally presented. Instead, they
are then developed into “review
papers” by the heads of the special-
ist groups and presented in plenary
sessions. In practical terms, the
conference consists (apart from
specialist group meetings and ex-
cursions) of plenary sessions exclu-

" IAD = “International Working Group for
Danube Research” of the International
Association of Theoretical and Applied
Limnology

™ SIL = Societas internartionalis limnologiae

Graphic: redesigned map of the Danube
®
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The Danube from the Spring to the Black Sea.

sively. The review presentations are
subsequently published in book
form. By assisting with the orga-
nizing and editing of these papers,
EAWAG provides welcome devel-
opment aid, especially to those
Danube countries still experienc-
ing serious financial difficulties.
At the invitation of the power
generation company “Engadiner
Kraftwerke AG”, a full-day ex-
cursion was arranged to visit the
power generation plants “Punt dal
Gall”/Livigno — Ova Spin (on the
Spél) and Pradella and Martina
(on the Inn). During a second ex-
cursion, delegates traveled by train
over the Bernina Pass to Poschiavo
where, in the midst of the spec-
tacular ‘scenery, the technique of
plankton sample collection was
demonstrated and samples were
examined under the microscope.
The overriding factor affecting
the research problems of the
Danube and its tributaries is the
enormous ecological upheaval cur-
rently taking place as a result of the
construction of numerous barrages
and hydropower stations. In just a
few decades, the Austrian stretch of
the Danube has been turned into
an almost unbroken chain of arti-
ficial lakes with a hydropower
station at Gab¢ikovo and two huge
installations in the “Iron Gate”
(Eisernes Tor). The Danube is also

being used in many areas for sew-

age disposal to an extent that we
in Switzerland have never experi-
enced, even at the height of river
pollution in the 1970s. The fishing
industry, so vital to the Eastern
countries, is suffering considerably.
Work undertaken by the IAD
has highlighted this deplorable
state of affairs, and we are now
doing everything within our power
0 encourage water conservation

(even becoming politically active!).

It is not surprising then that the
concept of “water quality” (Gewiis-
sergijte), a factor that we have failed
to appreciate in the past, has now
gained such significance for the
central and lower sections of the
Danube and currently forms the
focus for a large part of limnologi-
cal research. '

More information can be ob-
tained from the “Limnological
Reports Danube 1994” (Vol. 1:
Scientific seminar papers, 442 pp.;
Vol. II: Comprehensive reviews,
321 pp.; Vienna/Diibendorf 1995
[edited by EAWAG]). '

: ' Heing Ambiihl
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An Update on the
Priority Research Program

EAWAG is involved in the devel-
opment of a high priority research
program thar is based on the avail-
able evidence that active man-
agement of natural resources is
essential to the long-term pre-
servation of global ecosystems.
EAWAG has initiated an interdis-
ciplinary research program entitled
the “Sustainable Management of
Resources: Water and Anthropo-
genic Sediments”, the goal of
~ which is to develop practical ap-
proaches for the sustainable use
of regional resources. The back-
ground and objectives of this work
have been detailed in a previous
issue of EAWAG mews (Vol. 35).
The following provides an update
on progress made to date.

Selecting a Study Region

In the initial phases of the research
program, we first needed to define
the principal questions related to
regional sustainability: What are
the central environmental prob-
lems that conflict with regional
sustainability? What key processes
are responsible for these problems?
We also needed to find a region
that would be specifically suited
to the investigation of these prob-
lems. We eventually settled on the
region defined by the watershed of
the river Téss and its tributaries
(Tss region) whose economic and
industrial life centers around the
town of Winterthur. The reasons
for selecting this region are out-
lined in the box below.

Defmmon of "Sustamablhty

~ according to the World

Commlsslon on Environment
and Development (WCED)

A development or 4ctzwty is ton-
sidered to be sustainable if it meets
- the needs of the present generation
: wztbaut compramzsmg t/ye needs
of future genemnom :

Reasons for Selecting the “Téss”
Watershed as an Investigation
Area

* Typical structure for the region
of central Switzerland

* Sufficiently large to allow valid
conclusions (ca. 430 km?)

* Widely differing types and in-
tensities of land use in the sub-
regions

* Industrial and political center
located in middle of watershed
(Winterthur)

* Closed water cycle within the
Toss watershed

* Availability of a large amount of
basic data

An analysis of the environmental

status and use of resources in the

Téss region revealed a number of

ways in which resources are not

used in a sustainable fashion:

* increasing overuse, in quahti—
tative terms, of the ground water

* increasing contamination of the
ground water by pollutants (e.g.,
‘nitrates)

* continuing deterioration of the
variety of the landscape with
significant consequences for nat-
ural ecosystems and biodiversity

* increasing concentrations of
pollutants in the air and soil,
primarily caused by consump-
tion of fossil fuels and industrial
activities

o threats to groundwater quality
from numerous contaminated
waste sites

Research Objectives

An additional goal in the planning
phase was to identify the linkage
between important human acti-
vities (e.g., water and land use,
waste disposal) and environmental
changes. To a certain extent, this
could be achieved through specific
scientific investigations. But since
human activities are also affected
by economic and sociocultural
factors, our research will attempt

to obtain a better understanding

of the key relationships in these
areas as well. We then plan to use
these findings to develop strategies
for sustainable development and
for the environmentally-acceptable
future use of resources at the
regional level.

Specifically, our work should
help us develop environmentally-
based concepts and strategies for:
* providing a reliable long-term

supply of clean drinking water

from regional aquifers

* restoring ecologically function-
ing structures in the regional
water network in order to fa-
cilitate self-supporting natural
communities of organisms

* limiting contamination in envi-
ronmental compartments

Research Areas

In order to achieve these objectives,

‘the key areas of research have

been subdivided into three sub-
topical and one integrational area.
Approximately 20 projects are cur-
rently underway.

Projects within the subtopic
“Anthropogenic = Sediments” are

investigating the potential threat

to the environment posed by a
former household waste dump.
Objectives for the work include
identification of substances origi-
nating from these anthropogenic
sediments and a determination of
their fate and transport in subsoils
and ground water.

Research
“Ground Water” area will focus on
changes in groundwater quality
due to infiltration of substances
originating from human activities,
especially heavy metals and organic
compounds from stormwater sys-
tems. Pollutant conversion and
transport occurring in the subsoil
and in subsurface aquifers are of
primary interest. An additional
area of concern involves the effects
of increased stormwater infiltra-

» continued p. 34

interests in the -
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tion on the quantity of usable
ground water.

The primary aim of projects
within the subtopic “Water Sys-
tems” is to investigate the impor-
tance of structure and connectivity
in the regional water network. This
research will also consider transi-
tions with terrestrial surroundings
and ground water in preserving the
diversity of biotopes and the role
they play as linking elements in the
natural environment.

Finally, the “Integrational Stud-
ies” will investigate the relation-
ships between human activities
and the regional environment.
This research will attempt to iden-
tify the social and economic
behaviors that have led to unsus-
tainable resource use.

As this overview of the current
research areas suggests, EAWAG is
focusing primarily on its collective
expertise in the water quality field;
however, the following is needed
for a comprehensive understand-
ing of resource sustainability on a

ot global scale:

* concepts for the sustainable use
of energy and its social and eco-
nomic consequences :

* a better understanding of the
significance of terrestrial bio-
diversity, especially on a regional
ecosystem level

* data on the significance of agri-

" culeure, urban structures and
traffic on soil and groundwater
quality

The involvement of other in-

stitutions, including universities,

research institutes, government
agencies and the private sector,
will help us expand our under-
standing in these critical areas. To
this end, contacts with the canton
of Ziirich, the town of Winterthur,
the Federal Institute of Technology

(ETH Ziirich) and private consult-

ing engineers have already been

made and will be expanded in the

future.

Walter Wagner

Report of the first CLEAR Conference 4-9 September 1994
Centro Stefano Franscini, Monte Verita, Ascona

Climate Change
and Alpine Regions

Climate change research to date has tended to focus on the
global environmental risk. Little is known about the regional
aspects of climate change. The first CLEAR Conference
attempted to close this gap by investigating Alpine regions
that are particularly sensitive to climate change.

The Alps as a Sensitive
Climate Zone

The Alps represent a special chal-
lenge to climate researchers, as
evidenced by the following two
examples. First, because of the spe-
cific location and shape of the Alps
(otherwise known as the “croissant
in the west wind”), air currents

flow both over and around them.

The air flowing over the Alps pro-
duces precipitation, while the air
flowing around them manages to
retain its moisture. The modelling
of these effects and any possible
changes are of crucial importance
in estimating future precipitation
trends.

flow over

The following diagrams (see
figure 1) illustrate this behavior by
means of air currents flowing over
and around an idealized mountain.
The air flows from left to right.
The diagrams show the actual cur-
rent lines from the side (two upper
figures) and from above (two lower
figures), with the currents flowing
over (two left-hand figures) and
around (two right-hand figures)
the mountains. Note the slight
vertical displacement of the air
currents in the top “flow around”
figure. .
~ The second example of the chal-
lenge posed by regionally-based
climate research relates to the field

continued p. 36

flow around

Fig. 1

“The Alps as a simplified model from the side (two upper figures) and from above (two
Nower figures), showing the pressure distribution for currents Slowing over (two left-hand

figures) and around (two right-hand figures) the mountains. Printed by kind permission
of Christoph Schéir, Institute for Atmospheric Physics, ETH Ziirich.
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CLEAR = Climate and Environment in Alpine Regions

CLEAR is a project within the Priority
Program Environment, sponsared by
the Swiss National Science Foun-
dation (SNF). It is designed to inves-
tigate the physical, biological and
social aspects of climate change in
nine separate projects. The CLEAR
process incorporates an additional
12 projects in Module 1 of the Priority

Program Environment. The speaker
for CLEAR is Huw Davies, Institute for
Atmospheric Physics, ETH Ziirich. The
21 projects are coordinated by Carlo
Jaeger and Urs Dahinden of the
Human Ecology Group at EAWAG.
The planned publications will be
supervised by Peter Cebon, a post-
doctoral researcher in the Human

Ecology Group. Three of the projects:

listed below (Dirrenberger, Lotter,
Pahl) are under the direction of
EAWAG scientists. The Pahl [2] and
Diirrenberger [3] projects have pre-
viously been described in EAWAG
news. Results of the Lotter project
are.presented in this issue (see Sturm
und Lotter].

Climate and Environment in
Alpine Regions

Speaker: Huw C. Davies

Brassel, Kurt E., Geographisches In-
sticut, Universitdt Zirich: Integration
von Umweltdaten mit heterogenem
Raum- und Zeitbezug.

Diirrenberger, Gregor, Humansko-
logie EAWAG, Diibendorf: Innovative
responses to anticipated climate change

Fischlin, Andreas, Institut fiir terrestri-
sche Okologie ETH, Schlieren: Alpine
forest ecosystems in a changing climate
— paleoclimatic model validation and
sensitivity analysis.

Gyalistras, Dimitrios, Institut fiir ter-
restrische Okologie ETH, Schlieren:
Case studies in bioclimatic scenarios
derivation.

Ohmura, Atsumu, Geographisches
Institut ETH Ziirich: Numerical mo-
del studies of the influence of the Alps

on climate.

Pahl-Wostl, Claudia, Umweltphysik
EAWAG, Diibendorf: Reconstruction
and modelling of the longterm dyna-
mics of ecosystems. ,

Ratti, Remigio, Istituto di Ricerche
Economiche IRE Bellinzona: Mobility
economics — climate change — agents
(MECCA). '
Schir, Christoph, Institut fiir Atmo-
sphirenphysik ETH Ziirich:' Alpine
climate and climate change: a study of
some key atmospheric processes.

Tschannen, Olivier, Institut de socio-
logie et de science politique, Université
de Neuchatel: Social and cognitive pro-
_cesses in regional milieus in response to
global environmental problems.

CLEAR PROJECTS

Environmental Changes and
Modifications in the Subalpine/
Alpine Ecocline: Establishment
of a Plant and Soil-Based Evalua-
tion Model

Speaker: Jean-Paul Theurillat

Geisler, Patricia, Conservatoire et
Jardin Botaniques, Chambésy-Gengve:
Changements environnementaux dans
Pécocline des érages subalpin-alpin:
réaction et bioindication des bryo-
phytes.

Gobat, Jean-Michel, Laboratoire
d’écologie végérale, Université de Neu-
chitel: Modification de I'écocline sub-
alpin/alpin: réaction du sol, notam-
ment de sa fraction organique.
Kiipfer, Philippe, Institut de bota-
nique, Université de Neuchatel: Le
polymorphisme génétique intraspéci-
fique dans l'écocline subalpin/alpin:
un indice révélateur des potentialités
d’adaptation aux changements envi-
ronnementaux.

Spichiger, Rodolphe, Conservatoire
et Jardin Botaniques, Chambésy-
Gengve: Case studies in bioclimatic
scenarios derivation and sensitivity of
plant distribution. ‘

Theurillat, Jean-Paul, Conservaroire

et Jardin Botaniques, Chambésy-
Geneve: Changements environnemen-
taux et modifications de Iécocline sub-
alpin/alpin: réaction de la couverture
végéale.

Environmental Dynamics: Past
and Present

Speaker: André F Lotter

Ammann-Moser, Brigitta, Systemar-
tisch-Geobotanisches Institut, Univer-
sitdt Bern: Fire-history in central and
southern Alps.

McKenzie, Judith, Geologisches Insti-
tut, ETH Ziirich: Lakustrische Ablage-
rungen als Monitoren von Dynamik
im Grenzbereich Atmosphire-Erd-
oberfliche: Kalibration chemisch-phy-
sikalischer Tracer, Teiltestgebietsstu-
dien (LAMODATE). '

Lotter, André EH., EAWAG/ETH
Umwelephysik und Systematisch-Geo-
botanisches Institut, Universitit Bern:
Lake sediments as proxy-archives for
the reconstruction of environmental
dynamics in space and time: calibra-
tion.

Pfister, Christian, Forschungsstelle
Regional- und Umweltgeschichte,
Universitit Bern: Regionale Klimaver-
inderungen im stidéstlichen Schweizer
Alpenraum zwischen 1400 und 1900
im Lichre historischer Proxy-Daten.
Stauffer, Bernhard, Physikalisches In-
stitut, Universitit Bern: Rekonstruk-

tion von Klimaschwankungen durch
die Analyse von Eisbohrkernen

Individual CLEAR Project:

Frohlich, Claus, Physikalisch-Meteo-
rologisches Observatorium, Davos:
Klimatologie der Ultraviolert-Strah-
lung und ihre langfristigen Verinde-
rungen.

35



EAWAG ReWS 38 E, August 1995

36

of biology. Increased average tem-
peratures force plants to migrate
to higher altitudes. But just how
fast can alpine plants migrate? The
answer may be found in historical
data on the fauna of various alpine
summits. At least one plant species
has managed to keep pace with
climate changes observed to date
by migrating upwards [1].

Interdisciplinary Work

Most scientists agree that a variety

of scientific and social disciplines
must be involved in order to un-
derstand climate change. It is not
clear, however, how multidisci-
plinary expertise should be inte-
grated. For example, should the
integration primarily involve the
collection of data that are then
evaluated in a common computer
model? A number of problems
would arise from using this ap-
proach, since both the quality
of the data and its validity will
differ considerably from one field
to the next.

The CLEAR process (see box)
has adopted a different approach
in which integration is achieved
via the investigation of interdisci-
plinary topics; for example, region-
al perspectives or the uncertainty
of future developments in natural
and social systems. To date, inter-
action among the various projects
has been good. Even the foreign
delegates attending the CLEAR

Conference were impressed by the

spirit of interdisciplinary tolerance
and openness which prevailed.

Delegates and Conference
Structure

Over 80 individuals participated in-

the first CLEAR Conference. The
first day was organized jointly
with ProClim, the Global Change
Forum of the Swiss Academy for
Natural Sciences, and was aimed at
the general public. Participation
on the following four days was

restricted to some 50 scientists in-
volved in the CLEAR process who
worked together on a joint publi-
cation. The writing and discussion
process was supported by foreign
specialists who gave presentations
on selected subjects.

Planned Publications

Results from both the CLEAR
research and the first CLEAR Con-
ference will be published in two
English-language volumes. The
first volume will be written in form
of a discussion for politicians and
the general public. The second and

more comprehensive volume will
be aimed at a scientific readership
as well as policy analysts, journal-
ists, teachers, and students.

Urs Dabinden

[1] Grabherr, G.,Gottfried, M. and Pauli, H,
(1994): Climate effects on mountain
plants. Nature, Vol. 369, p. 448.

[2] Pahl W, Claudia, J., and Caro C.
(1994): Risk Communication: The Ex-
ample of Climate Change. EAWAG news,
36E, Ocotober 1994. p. 6-8.

(3] Truffer, B., Diirrenberger, G. und Ro-
then, S.: Will the “Car of the Future” be
Developed in Switzerland? Comments
on the Supercar-EAWAG Workshop of
20/21 September 1993. EAWAG news,
36E, October 1994. p. 36-37.
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Professor Jiirg
Hoigné Retires

After a long and successful career
as a scientist and teacher, Professor
Jiirg Hoigné retired on 1 June
1995.

After receiving his Ph.D. in the
Institute for Physical Chemistry
at the Swiss Federal Institute of
Technology (ETH) in Ziirich, Jiirg
Hoigné left Switzetland for a
postdoctoral fellowship at the
Brookhaven National Laboratory
(USA) where he focused on prob-
lems in the field of radiation
chemistry. Two years later, in 1960,
he returned to the ETH-Ziirich
as a research associate for radiation
chemistry and lecturer in photo-
chemistry and radical chemistry.

In 1965, Jiirg Hoigné received
the venia legendi for radiation
chemistry and radical chemistry
at the ETH-Ziirich. In 1975, this
venia legendi was extended to
include environmental aqueous
chemistry.

After eight years with INRES-
COR AG (International Contract
Research Co.) in Schwerzenbach,
where he was head of the Depart-
ment for Applied Radiation
Chemistry, Jiirg Hoigné joined
EAWAG in 1973. Since then he
‘has led the research group in oxi-
dation kinetics in the Chemistry
Department and acted as the
deputy head of the department
from 1973 to 1989. In 1986, he
was appointed head of the Institute
for Aquatic Sciences and Water
Pollution Control (IGW) of the
ETH-Ziirich, and from 1989 to
11990, served as chair of EAWAG’s
Chemistry Department.

Since 1975, Professor Hoigné
has been docent at the ETH-
Ziirich for the chemistry of drink-
ing water and wastewater treat-
ment and participated for the
lecture on unit operations for wa-
ter treatment. Since 1977, he also
taught environmental chemistry in
the Department of Chemistry.

Professor Hoigné has worked in.
and influenced many fields of

8

Proféssor Jiirg Hoigné and his wife in the EAWAG auditorium at the symposium given in

his honor on 16 June 1995.

research. He has been able to com-
bine areas as different as cloud
chemistry and drinking  water
treatment by applying the same
concepts to understanding the
reactions involved. In the field of
ozonation, his research has led to
the introduction and application
of processes which today are rou-
tine in the treatment of drinking
water. '

But his professional activities
included much more than his obli-
gations at the EAWAG and ETH-
Ziirich. From 1973 to 1980 he
was a member of the International
Rhine commission. He was also on

the editorial board of the Journal of-

Ozone Science and Engineering,
served on the Steering Commitee
of the EUROTRAC HALIPP
group, and participated in the
workshop “Oxidation Processes
for Drinking Water Treatment”
hosted by the German Association
for Gas and Water (DVGW).
Jiirg Hoigné received numerous
academic honors for his efforts in
both research and teaching. He is
Titular Professor .at the ETH-
Ziirich (Department of Chemis-
try) and honorary member of the
International Ozone Association,

an honor given in recognition of .
his outstanding contributions to-

wards furthering the objectives of
the association. His engagement in
research guided by precise ques-
tions resulted in numerous widely
recognized publications. In the

field of environmental sciences, he
is one of the most cited scientists.
On the occasion of Prof.
Hoigné’s retirement, a symposium
was organized by Dr. Urs von Gun-
ten at the EAWAG in his honor.
All of the presentations were given
by former collaborators and col-
leagues, who not only referred to
him as an outstanding scientist,
but also expressed their relation-
ship to him in personal ways. Their
presentations in the fields of pho-
tochemistry, radiation chemistry,
atmospheric chemistry, and drink-
ing water treatment, reflected the
wide variety of Professor Hoigné’s
scientific interests and the contri-
burtions he has made to both the
fields of research and teaching.
We offer Professor Hoigné our
best wishes for the future. Al-
though we hope that he now has
the time to realize all of his privare
plans, we are looking forward to
welcoming him to EAWAG as an
esteemed colleague on many occa-

“sions in the future. Js

His most recent work has focused on the

following areas:

 Aqueous ozone and hydroxy! radical chemistry,
reaction kinetics and application for wastewater,
drinking water and cloud chemistry

» Experimental méthads for aqueous ozone chemistry
including analytical methods

* Kinetic aspects of chlorine dioxide reactions and
photochemistry of agueous chlorine

» Reaction kinetics of photochemical reactions in
surface water and clouds, including the role of singlet
oxygen, superoxide ions, peroxy radicals, solvated
electrons, hydroxyl radicals and transition metals

» Modelling of photachemical reactions and formation
of disinfecting by-products
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Miinster Appointment

Dr. Elisabeth I. Meyer was recently
appointed Professor of Limnology
at the University of Miinster, West-
phalia (Germany), and took up her
new post on 1 November 1994.
The university’s new Department
of Limnology has been set up by
Dr. Meyer and is part of the Bio-
logy Faculty. The department will
be offering basic limnglogy lec-
tures supplemented by additional
special lectures, practical courses
and seminars.

Prof. Meyer joined EAWAG's
Department of Hydrobiology/
Limnology in January 1991 as a
lecturer (subsequently becoming
a senior lecturer) in the ETH
Department of Environmental
Sciences. In addition to her teach-
ing and lecturing duties, Dr.
Meyer, together with colleagues
at EAWAG, has been involved in
surface warer research, studying
the structure and dynamics of
benthos organisms in streams and
their relationship to other com-
ponents of the ecosystem. She
has also been studying the effects
of disturbances, in particular, ex-
treme flow situations (e.g., floods,
droughts) in a pre-alpine river
(Necker, Canton of St. Gallen)
and a river in Central Switzerland
(Toss).

Dr. Meyer received her habilica-
tion from the ETH Ziirich in 1993

New address:

Prof: Dr. Elisabeth. I. Meyer
" University of Muenster

Zoological Institute

Department of Limnology

Huefferstrasse 1

D-48149 Muenster

Tel: 0049 251 83 3881

Fux: 0049 251 83 4668

for her thesis entitled “Benthic
Invertebrates in Small Running
Waters, as illustrated by a Black
Forest Stream: Biocenotic Struc-
ture, Population Dynamics, Pro-
duction, and Food Web Struc-
ture”. In April 1993 she was
granted the venia legendi by the
ETH Ziirich, allowing her to give
lectures on aquatic biology and
ecology. Upon the retirement of
Prof. Ambiihl in April 1994, she
was appointed acting Head of
EAWAG's Department of Hydro-
biology/Limnology.

- Professor Meyer will be main-
taining her scientific and personal
contacts with the ETH Ziirich and
EAWAG. Together with her assis-
tants Eva Tania Schellenberg and
Rainer Zah, she will be working on
a project to investigate the “Effects
of Low Water Droughts on the
Ecosystem of the River T¢ss” as
part of the current EAWAG Re-
search Program. She will continue
to work with EAWAG colleagues
on multidisciplinary research pro-
jects © investigating quantitative
interactions in the food webs of
running waters. One contribution
will be a dissertation on the eco-
logical function of protozoa in the
hyporheic interstitial waters of a
pre-alpine river. During the 1995
winter semester, she will be par-
ticipating in a series of lectures at
the ETH Ziirich on “Systematics
of Aquatic Invertebrates”, which
she inaugurated two years ago.
Dr. Meyer’s research in Germany
will be extended to include low-
land waters. She plans to continue
her field and laboratory investiga-
tions on the structure and function
of benthos in aquatic ecosystems.

Professor Meyer’s successor as
Head of EAWAG’s Department of
Hydrobiology/Limnology is the
former Deputy Head Dr. Peter
Bossard who assumed his new po-
sition last November.

- +hy(\‘7‘%“340m§).;§ ! ‘

Stefan Wey

At the end of 1994, the
Board of the Swiss
Institutes of Technoloy
appointed Alistair Kerr
professor at the ETH
Zurich. Kerr, a British
citizen born in 1934,
heads the research
group for atmospheric
chemistry at EAWAG
and teaches in the
Department of Envi-
ronmental Sciences.

-
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Children Day-care Centre at
EAWAG/EMPA Opened

Since Tuesday 1 November EMPA

and EAWAG employees have been

" able to leave their children in the

new day-care céntre. Daily from
07.30 to 17.30 hr two part-time
carers (each 60%), both trained
pediatric nurses with practical
nursery experience, and one full-
time trainee take turns to look after
children aged between 2 months
and 4 years. The day care centre
was set up by a group of interested
employees and originally com-
prised 2 rooms, to which a third
was added at the end of 1994. A
kitchen is also available for the
preparation of snacks and drinks.
At lunchtime children’s portions
can be obtained from the nearby
staff restaurant.

But just how did this facility — so
highly prized by the parents
concerned ~ come
into being? As a
result of ques-
tions raised
at a women’s
meeting in

June 1991, a questionnaire based
on a similar survey conducted at
the University of Zurich was dis-
tributed to all 291 employees in
October 91. In February 1992 the
evaluation working group headed
by Ilse-Dore Quednau (EAWAG)

established that 10 women and 19

men were keen on at least one type
of child-care.

A few incorrigible optimists
attempted to find solutions across
a wide range of levels. In the end

the parents involved had to act on

their own initiative. Accordingly
the “Day-care Centre Association”
was formed on 8 Jiine 1993. Mem-
bership is open to any EMPA or
EAWAG employee wishing to sup-
port the day nursery, or obliged to
do so if they make use of its facili-
ties. The Association commit-
tee currently comprises 3
EAWAG and 3 EMPA
employees .
Although the ob-
ject of the day-
care centre is

to provide profes-
sional care and thus
take the burden off
parents, the initial
phase involved a lot
of work for the committee mem-
bers. Fortunately, the personnel
department of EAWAG assumed
responsibility for the direct pay-
ment of wages, billing the Associa-
tion each month. A deficit guaran-
tee by both EMPA and EAWAG
was promised.

_ In selecting the carers the com-

L. Caprez, Winterthur

" mittee placed great emphasis on

their willingness to cover for other
staff during holidays or periods of
iliness, thus exposing the children
to the minimum number of staff
changes. Following a fairly relaxed
induction period for the carers,
with relatively few children, several
more children are now sought so as
to relieve the financial strain on the
currently involved parents. Parents
are responsible for the bulk of the
day-care centre’s costs. The fairly
steep contributions of Sfr. 63.— per
child per day have already scared
off a number of potential users.
The search for premises finally
came to an end when EMPA
offered the use of space in their
staff restaurant building following
refurbishment of some guest
rooms. Following completion of

" this work at the end of October the

Association moved in with numer-
ous gratefully received donations
and newly purchased beds, and the
day-care centre finally opened for
business with 7 children in the
ground floor rooms. Since two
rooms open directly onto fields
some weather-resistant toys and
safety fences to stop children run-

ning onto the road were added in
Summer.

Diana Hornung,

. Member of the Day Care Association
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Otto Jaag Prize for
Water Pollution Control
1991 and 1994

for Peter Krebs
The “Otto Jaag Prize” winner in
1991 was Peter Krebs, whose disser-
tation was entitled “Modelling and
Improving Currents in Secondary
Settling Tanks”.

Working under Professor Willi
Gujer, EAWAG, and Professor
D. Vischer, ETH Zurich, Krebs
successfully  developed simple,
effective and highly practical im-
provements to the design and
dimensions of secondary settling
tanks. Existing and projected sec-
ondary settling tanks can now be
optimized as a result of his work.
In the experiment, sludge was sim-
ulated with a clay suspension, thus
allowing the density effects of the
sertling phase to be taken into
account. He was able to demon-

for Reto von Schulthess »
The “Otto- Jaag Prize for Water
Pollution Control” is not awarded
annually. But in 1994, it was given
to Reto von Schulthess for his doc-
toral thesis on “The Emission of
Nitrous Oxide (N,O) in Denitri-
Jying  Activated Sludge Systems”
(ETH thesis 10790, Publ. 1990). -
After studying biotechnology at
the ETH Zurich, von Schulthess
started his postgraduate research at
EAWAG in urban hydrology and
water pollution control. Under the
supervision of Professor Willi
Gujer of the Department of Engi-
neering Sciences, his dissertation
research focused on the emission of
nitrous oxide (N,O) from waste
water treatment plants.
Nowadays, nitrogen elimination
is of primary concern in the design
of waste water treatment plants;
however, it has not been known
whether or not N,O is released
during nitrogen elimination pro-
cesses in waste water treatment.
Using a combination of laboratory

Paul Schiup

strate that the sludge content in
the inflow was the main reason for
the rolling motion occurring in
secondary settling tanks. The fol-
lowing approaches can be adopted
to improve the situation:

* alowinlet position to reduce the

potential energy surplus '

Reto von Schulthess can be contacted at the
Jollowing address: Kinzler und Partner,
Ke[le{rstr. 36, 6005 Lucerne.

testing, mathematical modelling
and investigations in an actual
treatment plant, von Schulthess
convincingly demonstrated that,

under  ideal process conditions, |

N,O emissions from waste water
treatment plants are negligible,
equivalent to 0.1-0.4% of the den-
itrified nitrogen. In order to-obtain
ideal conditions in the nitrifica-

e an energy dissipation device lo-
cated transversely across the inlet
to produce turbulence in the bed
current, and

* several transverse walls with
holes to even out the vertical
velocity profiles in order to im-
prove utilization of the tank
volume and to stimulate floccu-
lation.

From 1991, Krebs worked at the

Institute of Hydromechanics at

the Technical University of Karls-

ruhe under Professor Rodi on a

research project on turbulent mix-

ing and sedimentation processes.

Since 1994, he has worked at the

EAWAG in the Urban Hydrology

Group (see article in EAWAG news

37E). '

tion-denitrification process, nitrite
concentrations above 2 g Nm=

should be avoided.

Key-word: nitrous oxide

Since 1950, nitrous oxide levels
worldwide have been increasing
at a rave of 0.2—0.3% per year.

As a result of the increase since
1980 of an additional 15 ppb (to
300 ppb), it has now become the
third most important greenhouse
gas after CO,and methane or, in
an industrial country like Swit-
zerland, after CO, and CFCs.

The higher the levels of nitrous
oxide reaching the stratosphere,

the greater the amount of NO
formed, resulting in a more rapid
depletion of the ozone layer. The
Jollowing are important sources of
nitrous oxide emissions in Swit-
zerland: loss of nitragen from soil
(60-80%); from incineration
processes (10-20%); and emis-
sions from ground water and stag-
nant bodies of water.
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EAWAG Evaluated by an
International Team of Experts

For the first time ever, an entire
ETH institution — in this case
EAWAG - has been evaluated by
an international group of experts.
The evaluation team was com-
posed of internationally renowned
academic scientists and field spe-
cialists: two members each from
the USA and Germany and one
member each from Central Ameri-
ca, The Netherlands and Switzer-
land. The President of the ETH
Council issued the team a list of
questions to consider in their eval-
uation, including areas of strategy,
scientific quality, contributions to
science and environmental protec-
tion and future plans. The evalu-
ation took place between 17 and
22 July 1994.

In its report, the evaluation team

commented very positively . on
EAWAG’s achievements in re-

search, teaching and consulting.

Strong support was voiced for

International Studies in Glakal Chango: §

Transforming
Economic
Institutions

e Dragon
Carlo C. Jaeger

Gordon and Breach

EAWAG's long term plans, which
include a gradual’ change in em-
phasis to the sustained manage-
ment of natural resources. Accord-
ing to the evaluation team, this
change in direction — moving away
from the tenet of environmental

“conservation — will require a high

degree of commitment. They cited
the immediate need to increase
awareness of this new emphasis
among EAWAG staff. ‘

The team believes EAWAG
should continue to be involved in
research, teaching and consulting,
but stressed that links with the
scientific and financial communi-
ties as well as government agencies
should be extended. European
contacts also need to be strength-
ened. In response to the evaluation
team’s proposals, in the coming
months EAWAG will be address-
ing a number of issues, including
the development of stronger ties

between EAWAG and ETH, con-
sideration of the internal conse-
quences of focusing on resource
management issues, integration of
a strong economic component,
and how to better deal with inter-
disciplinary questions.
- The EAWAG Advisory Com-
mittee has studied the evaluation
report in detail and agrees with all
of its main conclusions. As a result
of experience already gained in
multidisciplinary work, the Com-
mittee believes that EAWAG is
particularly well positioned to
develop a research program that
focuses on the interactions be-
tween human behavior and natural
systems; however, the Committee
stresses the need to develop new
approaches to environmental pro-
tection and urges EAWAG to take
a leading scientific role in this
emerging field. ‘

Ueli Bundi

Book Review

On the Nature of Man,
Quantitative Growth

and Sustainable Development
in the Third World

1

A cruise down the River Sabne
to escape for a few days and I'm
only allowed to pack one scientific
book! But which one? I eventually
choose Carlo Jaegers Taming the
Dragon — pretty much cheating on
my quota since in its 300 or so
pages, the author weaves an intelli-
gent web of ideas that would nor-
mally be found in several books —
ideas that are essential to an under-
standing of current environmental
problems as well as their satisfac-
tory resolution.

As early as the Preface, the reader
is both alerted to the need to

. cross disciplinary boundaries and

warned about the associated risks
of doing so. We have heard such
warnings before; more often than
not, they prove to be rather trivial
and superficial. In this case, how-
ever, they are valid because the
author dares to venture into the
difficult terrain of sociology,
economics, philosophy, psycho-

logy, natural science and other

disciplines, exposing himself to
the scorn of the discipline-bound
Pharisee. The book sails under the
flag of human ecology, an area of
science that is far from being well-
defined. One point is not in doubrt,

however: provided the field of

41
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human ecology does not develop
out of the simple addition of facts
from different disciplines, it cer-
tainly should last the course — a
conclusion that applies to the en-
vironmental sciences generally.
Jaeger's book makes a serious
attempt to conduct an interdisci-
plinary analysis of the transfor-
mation of economic instruments
against a background of global
change. Rather than formally re-
viewing the book, I would prefer
to encourage potential readers to
take their own cruise down a
French river. I will, therefore, con-
fine myself to those sections of
the book whose messages I found
personally moving. Accordingly,
I will skip over the first four chap-
ters in which Jaeger primarily
addresses sociological issues. It is
not that these discussions are dry -
in fact, quite the oppositel. We
physicists all too often fail to think
about the social and cultural envi-
ronment in which we parade our

* theories and hardly ever consider
the human as an Accountable.

Animal (Chapter 2). Likewise, we
rarely ask how it is that our society
has rated this physical way of
thinking, this often very abstract
approach to nature, as the most
important of scientific disciplines
(at least until very recently) and
how this ranking is related to the
current environmental crisis.
Carlo Jaeger must have realized
very early on that functioning at
the level of specific action is prima-
rily determined by economic pro-
cesses, since he made economics
his second career after sociology.
The thread of two main ideas run
through these two chapters. First,
Jaeger the economist believes in
the potential of the mechanisms of
the free market economy. Jaeger,
the sociologist is aware of the
motives behind human behavior
and knows that they cannot be
suppressed but must be turned to
positive use. Jaeger shows how the
elements of the market economy

could be exploited both to avoid
ecological damage and to manage
limited resources (land, energy,

" warer, minerals, etc.) effectively.

This process might ultimately
cause money to take on a new
significance, resulting in what
would be the equivalent today of

a rather utopian cultural revolu--

tion. Secondly, qualitative devel-
opment in today’s industrially
developed countries, in terms of
a decoupling of economic growth
from physical growth, is a vital
prerequisite for sustainable devel-
opment in Third World countries.
According to Jaeger, the develop-
ment policies pursued by First
World countries should serve to
curb their own “physical turnover”
(e.g., the turnover of energy and
raw materials), while simulta-
neously reducing the difference in
economic potential between First
and Third World countries.
-Economic models for analysing
these ideas are included, and the
mathematically inclined reader can
familiarize himself with the corre-
sponding theoretical approaches in
Chapter 5 (Transforming the Eco-
nomy). Like all such theories, eco-
nomic or not, they may prove the
existence of solutions — and even
then only when making some very
specific assumptions — but they
supply no information on the prac-
tical feasibility of implementing

such solutions. Jaeger is aware of

this. fiirg Minsch of the University
of St. Gall urgently warns against
the calculated optimism of private
industry, confidently propagating
the belief that an increase in effi-
ciency will allow the gap between
economic and physical growth to
be increased without limit. Achiev-
ing economic growth without
necessarily having to renounce
physical growth: is this not the
latest (rather deceptive) message of

"the Western economic system?

Among Third World countries, the
suspicion appears to be growing
that they are merely being written

off. For example, the editorial of
15 October 1994 in the Indian
environmental journal “Down To
Earth”, in its critical appraisal of
the Cairo Conference on Popula-
tion and Development, states:’
", ..whatever the world’s population,
one American child will continue
to consume as much as 33 Indian
children or 422 Ethiopians. ... Cun-
ningly the rich avoided any discus-
sion on the issue and worked on the
warped assumption that population,
and not consumption, leads to envi-
ronmental degradation.”

In this context, Jaeger’s message
risks being viewed as just another -
simplified strategy for future devel-
opment. Illustrations in Chapter 5
might suggest, at least to selected
sectors -of industry, that the con-
sumption of energy and resources
may be curbed without adversely
affecting the standard of living.
Despite this shortcoming, it is to
the author’s credit that an econo-
mist would have concluded his -
work with a theory for a new bal-
anced economy — however theo-
retical or realistic. As a human
ecologist, he adds a final chapter
(Managing the Environmental Cri-
sis), outlining his thoughts in a
bold and innovative way. Jaeger
reflects on the human and political
prerequisites for this new eco-
nomics. He does not believe that
the theories or actions of a single
individual (e.g., some new Karl
Marx) can help us out of this
current crisis. The problems have
become much too complex. If it is
to succeed, this cultural regenera-
tion must be instigated by a large
number of individuals and nations.

After reading the book I would
personally add that, since humans
as individuals cannot fundamen-
tally change, this regeneration can
only be achieved by humans acting
as community, both in terms of the
internal structure of nations and
the relationships among them.
Ultimately, throughout the course
of history, the same Accountable
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Animal lives in very different”

cultural settings as far as ethical
principles are concerned. In addi-
tion to his messages on economics
and political development, Jaeger
implicitly calls for us to think
about the regeneration of our po-
litical structures. From this stand-
point, the simultaneous occur-

rence of environmental crisis and

political malaise, both of which are
causing particular concern in Swit-
zerland today, may be viewed as an
opportumty for integral reform.
Dieter Imboden

Carlo C. Jaeger: Taming the Dragon
(Gordon and Breach, 1994)
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