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Science’s Duty to Ask Questions and to
Express Doubts

Dear Readears

" To date, environmantal protection has

rested on two pillars: reckoning the
dangers and adopting standards 1o
mitigats the damage. This dual ap-
proach is now reaching the limits of
our technical capabilities and is being
jeopardized by the growth in con-
sumption. it is a source of conflict
and is subject to particutarly fierce
criticism during periods of economic
distress.

The Rio de Janeiro Environment
Summit heid in June 1992 estab-
lished a third piliar for environmental
protection. By using the generic term
“sustainable development”, it
showed the need for integrating
environmental protection into
economic strategies.

We are still far from our goal, but a
powerful movement has been set in
motion. it allows us to harness eco-
nomic and political energies so that
the sustainable use of resources, the
reduction of pellution to acceptable
levels for ecosystemns, and health and
respect for life in all its diversity
become part and parcel of every
human endeavour.

Environmental protection is no longer
on the defensive. It is becoming an
engine of global progress. It is calling
on all scientific, economic, social and
cultural forces to create a civiiization

in which humanity and hature, the
present and the future, and peopie
from ali over the world are in harmo-

ny.

To accomplish this task, each and
every one of us must come out of his
or her shell to think, act and partici-
pate in one of the grandest projects
ever faced by humankind,

Scientists, overprotected by their
encrypted speech and a too generous
interpretation of the freedom of
research, have to step down from
their ivory tower. They must find a
simple language in which to express
their findings — and of course their
guestions and doubts - so that all of
us understand our responsibility to
work towards the goal of sustainable
development.

EAWAG offers fertile ground for this
urgent task.

Philippe Roch, D.Sc.
Director of the Federal Office for the
Environment, Forest and Landscape
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Alexander J.B. Zehnder

Environmental Development:

the Way Forward

We five in an age that demands fundamental changes in the way science,
technology and society interact. A great deal of thought is being

given to the reasons for these changes and the steps that must be i
taken to cope with the problems of our future. The social and \:.
econaomic turmoil and political upheaval of recent decades have no \\: i

doubt contributed to these changes. The problems which confront \ F0
us stern mainly from the large-scale consumption of resources in the ',
industrialized world and from predictions of continued population \..
growth. The primary concern is sustainability - the preservation of \ -
natural resources and the environment.

The Earth’s Population in the
Next Century

Populadion growth in this cenrury has

been so spectacular that it is oné of the

maost siriking aspects of modern history.

We are now seeing the culmination of a

process which has been building up over

centuries. We can be sure thar the popula-
don will not always grow at the same rate,
bur this phenomenon will remain a source
of great concern over the nexr cenrury. It is
not metely the faet of growth ielf, buc
how and where the population is growing

{Fig. 1). Growth is fastest in the less

developed regions of the world, especially

in South and East Asia, Africa and Larin

America. Population expansion is stagnat-

ing in North American and Europe (in-

cluding the countries of the former Soviet

Union). This imbalanced development is a

cause for concern since:

* Rapid population growth threatens both
the poor countries’ own development
and global well-being.

* The huge disparities in incotne, coupled
with population pressure, are leading
to political turmoil and violence. The
upshor is increased imrernational and
transcontinental migraton. The com-
ing years, it is feared, will bring us new
and bigger waves of migration. While
some countries fear a “brain drain”,
others are worried about being overrun
by the less well educared.

Demographic imbalances generally tend

to right themselves, though unfortunately

this may rake some time. Female children
wiil bear children

who, as grown women,

in the nexr century have already been

born. The resulss of active family planning -

will not be seen for a generation or two. In
the meantime, the population is growing
inexorably. Only to a very limited extent is
population size a political variable which
governments can manipulate at will. Poli-
ticians, like business people and scientists,
should not concentrate on limiting popu-
lation growth, but rather on developing
concepts and technologies which will en-
able us to promote and industrialize the
less developed areas while combining the
desire of 2 growing number of people for
individuality, mobility, more personal se-
curity and comfort with protection of the
environment and preservation of resourc-
es; in short, sustainable growth.

From Environmental Protection...

The sheer scale of the mounsing problems
has paraiyzed us too long, and we have
done lictle to find innovarive solutions.
There ase two main reasons for our relasive
passivity:

Firm, we have assumed that we have 10
think exclusively in global terms. The
demographic and ecological problems do
call for worldwide solutions, but we do not
yet have the instruments to develop such a
global approach. There are a number of
reasons for this. It is relatively easy to
define global problems, but exceedingly
complex o solve them. A concerted
approach is ideal but is stymied by
shore-term special and narional inerescs.
Though the environmenial conference in
Rio sent clear signals, practical implemen-

tation is hesitant or even non-existent and
has so far taken place only where the effects
are relatively painless. Time is running
short, and we can no longer wairt for a
worldwide consensus. Whart we can do is
tackle the global problems at the local and
regional levels. Local and regional solu-
tions are possible; they allow those directly
involved o make their personal contribu-
tion and identify with it. They enhance
everyone's personal sense of responsibilicy.

Secondly, many people still believe that
there is an inherent contradiction between
ecology and business. For more than 20
yeass, a clear dividing line has run chrough
ecological politics. Ar one end of the
spectrum, we have the environmenealises
who demand that pollution be eiiminated
and ecosystems protected, whatever the
cost. In their view, big business is raping
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the environmens for the sake of profit and
bears the blame for all environmensal
damage. Ar the other end, we have the
business “lobby” — with their various sup-
porters — who believe thar any legislation
1o protect the eavironment hampers eco-
nemic growth, In their view, environmen-
tal protection is wasting financial re-
sources which are then lacking for eco-
nomic growth. In the late 1980s, farsight-
ed representatives of both camps began
to cross the line and are in the process
of erasing it. Both sides discovered that
sound business practice and a sound eco-
logical approach are not mumally exclu-
sive. By harnessing the mechanisms of the
free market, pollution can be minimized,
environmental protection maximized, and
economic growth realized, Recent devel-
opmenss in the automotive indusery, for
example, show thae the innovative combi-
naticn of business and ecology can lead to
products with interesting markers (e. g.,
fuel-saving engines and the new techrolo-
gies developed in response to the Califor-
nia law stipulating that as of 1998 ar least
2% of motor vehicles must no longer use
fossit fuels). The ecological approach is
thus by no means a shaclde on the econo-
my. On the contrary, it is increasingly clear
that ecological thinking can ace as 2 cata-
lyst for innovarion, development and eco-
nomic expansion.

The fact thart the synergies berween the
free market and environmental protection
are still only barely visible on the horizon is
due in part to the disappointng results
achleved in recent years with environmen-
tal legislation in various countries. Legisla-
tdon has not always produced the antici-
pated effect, since it has leaned excessively

towards command-and-control regula-

tion. In the initial phase, this approach is
no doubt unavoidable, and it does serve o
reduce poilution. Because it is inflexible,
however, it aiso hampers innovative efforts

‘which are then lacking when probiems
have to be confronted at a later date.

...to Environmental Management

Reactions to (demographic) problems are
usually defensive. The first response is
protection, and this is probably the right
reflex. But protection is not enough. We
must go on the offensive. We cannor put
our resources in a museum. We have to
learn to harness them in such 2 way that
they are still chere for us and our descen-
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dants. That is why susrainable develop-
ment is not a static process. The Brund:-
land Reporr’s definition of sustainable de-
velopment is neither static nor dynamic.
The interpretation is open. Until now,
environmental protection has focused on
limiting and minimizing damage; in the
furure, we will have to avoid unnecessary
damage and learn to manage our resources.
It is essendal thar the resources do not go
into irreversible decline. Obviously, once
certain resources are used up, they are
gone forever. Sustatnable development
does not mean preserving a specific re-
source, but finding a replacement thar is at
least equivalenr. Roughly speaking, sus-
tainability may be considered to be the
total amouns of resources which remains
constant over time in a steady state (Fig.
2). Human activites will consume part of
the resources. It is neicher possible nor
even desirable to completely prevent this
consumption. Whar must be prevented
is excessive exploitazion, which is now
unnecessarily high in the industrialized
world. We must fnd novel ways of con-
verting resources that have been used up
into equivalent resources. A model of this
kind will allow consumption as weil as
development and growth. The scale and
speed of growth depend not only on
consumption but also on new ideas in
technology and innovation; thar is, our
own inventiveness. The process described
here is actually common two all natural
cycles of the elements. The elements o
are simultaneously mineralized and incor-

porated into complex molecules. Susrain-
able development shouid, therefore, be
defined as a cycle of all resources. We, as
human beings, have to learn to reintegraze
ourselves into this cycle, even though the
conditlons today are more difficulr be-
cause the growth of the world’s population
is continually throwing this resource cycle
our of kilter. We must counter the popula-
tion explosion with an innovation explo-
sion in order to close the resource cycle as

quickly as possible.

The Question is How

Up to here, most readers will have found iz
easy o agree with me. What steps must be
taken, however, to insure effective resource
management? I would like to pur forward
three proposals which will enable us o
make the transition from environmental
protection to environmental management.
Thesis 1 et oo
~Environmental and resource manag
- 'ment must hecome central to decisio
making; it must no longer be consid
ered a “necessary evil".. £

Improvements in our decision-making
wiil hinge on our ability to develop pro-
cesses for regulating prices in such 2 way
that they accurately reflect the actual costs
of pollution or resource consumprion, The
chailenge for science is to develop the
appropriate criteria and methods for this
purpose. In Switzerland, we are on the
right path with environmental comparibil-

|Sustainable Development

Degradation

Consumption

P
N L
Decompaosition
Mineralization & Technology

Time

Resources

Renewal
-------- " Growth

i

~ Innovation

D
D

-Fig. 2

Schematic diagram of sustainable development as a steady state over time.

The total amount of resources remains constant. Resources which have been used up or
degraded are replaced by technological gains, development and innovation, thus allowing
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Envirenmental Development: the Way Forward

ity testing and eco-audits for substances
and products. However, if we fail to corme
up with clearer and more incisive econom-
ic incenrives, these tests and audits will
continue to be regarded as just a necessary
evil. Progressive charges levied on the use
of resources and their direcr recycling to
stimulate innovation with the aim of re-
ducing consumption or developing alrer-
natives are original contributions o ar
ccolovy—dnven cconomy

: Thesmz P :
- Each mdmduai :5 personaliy responsi-
- blafarhisor her ownh Use of resources.

“and mterventmn in'the :mmed:ate S
: env;ronment. PEnY :

We often: tend o consider environmen-
tal protection — and 1o a growing extent
environmerntal management — as “some-
body else’s probiem”. If we want to be
successtul in environmental management,
each and every one of us must consider
environmental issues, in particular the use
of resources, a personal issue, A targered
and coordinated educarion, information
and taxation pelicy is essential for making
people aware of the pmbEems involved.

_:_Thesm 3 sl o
As mhabltants of this countrv, each _
“and: evéty one'of us must reduce has o’
“her current laval af resource consumpw;‘- '
‘tion to an. average of one third of the- i
" present consump’tmn m'the next thlrl:v} E
:ﬁyears‘_,; Sl

This last proposal is, in fact, the quanti-
fication of the first two. The time horizon
is long enough to allow technical develop-

_ments in a wide range of areas to reach the

production stage. A coordinated policy on
taxation and innovation stimulation is the
key 1o achieving this aim. Many develop-
ments and improvements in the past two
decades have shown that this goal can be
met. The articles in this issue by Perer
Baccini and Roland Schertenleib illustrate
the point.

What Remains?

Even if these three proposals are put into
practice, the problems of scale and distri-
bution of resources among the earths
inhabitants remain to be solved. We scill
have w answer the question of how large a
global economy can become and yer still
be ecological balanced, partenlazly with
reference to the industrialization of the less
developed regions of the earth.
Populadion growth is greatést in regions
that have a dearth of food and land
resources, The growing demand for food
can be met locally only for the nexr few
decades at most, a relatively short times-
cale. This is already raking place at the
expense of soil quality. It is thoughr thar in
the last forty years as much as 11% of
cultivable soil has been destroyed, and the
rate of soil degradarion is increasing with
population growth and industrializadon.
In the near furure, the less populated
industrial nations will have to produce the
bulk of food for the densely populated
areas. Most of this food will have o be
rransported berween and across continenss
in order to reach consumers. As yet, it is
difficule to put an exact figure on the

energy and [ransport costs, not 10 mention
the addidonal consumption of resources,
needed for this purpose.

Water is a key resource. The earth has
sufficient fresh water, but its diseribution
and quality often do not meer acrual
needs. Economic growth in the less devei-
oped regions necessarily increases water
consumption, thus exacerbaring the pres-
sure on this precious resource.

The driving force for the unremirting
trend to transcontinental migration is the
natural desire of people to enjoy prosperiy

— in other words, gain access o resources.
In the long run, however, it is not possible
to move huge numbers of people to the
resources. In the furure, the resources (or
the products originating from them) will
have to be transported to a larger extent
across continents to the consumers. A

- major chailenge facing our society is how

we solve the problem of distributing these
resources.

Biological resources are a special case.
Organisms have developed over billions of
years of evolution and selection. These two
processes have created an infinite variety of
genetic combinations. A nerwork of sys-
tems has developed in the biological worid
to ensure adaptation, evolution and effi-
cient selection. This networlk can be irrep-
arably damaged and potentially vaiuable
biological resources destroyed if species
become extinct or nature’s biodiversiry is
jeopardized. The upshot could be serious
ecological imbalances.

EAWAG's Role

Putting these three propesals into practice
is a challenge for all of us. It calls for a
dynamic and innovarive approach and for
close cooperation between sclence, busi-
ness and sociery. EAWAG accepts this
challenge and would like 1o play its pare in
bringing about the necessary changes. As
regards the first poine, EAWAG will help
develop concepts for an environmentally
sound economy. As for the second point,
EAWAG sees its role mainly in education
and information. For the third point, we
would like o make a contributdon o
improving the basic understanding of nae-
ural processes and ecology. We hope that
this understanding will encourage the de-
velopment of new ideas, social structures
and rtechnologies. The articles in this issue
of EAWAG News illustrate how we see our

role in selected areas.
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Claudia Pahl-Wostl and Carlo C. Jaeger

Risk Communication:
The Example of Climate Change

In dealing with complex environmental systems, a substantial degree of

uncertainty is unavoidable. This calls for new forms of dialogue be-

tween science and society.

The 1992 Rio climate convention de-
mands thar the production of greenhouse
gases be stabilized ar a level which repre-

sents no danger to the carih’s climate:

system. Attainment of this rarger is not w0
be put off until considerable climare-relar-
ed catastrophes have already occurred as a
result of human influence, bur is ro occur
fast enough so that the narural ability of
ecosystems to adapt to anthropogenic cli-
mate change is not overtaxed. Condinuity
of food production and environmentally
sound economic development should be
guaranseed on this basis. Thus an upper
limit for the production of greenhouse
gases is postulated without being laid
down quansitatively. Science is called upon
to medel and to quantfy the dynamic
causal chain, society — greenhouse gases
— climate — ecosystems — society, in-
cluding relevant feedback mechanisms.

Are Complex Systems
Predictable?

The concrete implications with respect wo
the degree of uncertainty involved in pre-
dicting the effects of climate change are
illussrated schemarically in Fig. 1.

Our poing of deparrure is a scenario
with given amounts of greenhouse gases in
the armosphere. Our goal is to predict the

Greenhouse o

Gases in Uncenainty in

Atmosphare . the Prediction
? of Effects

Cimata

v 1

Ecosystems

y 4

Sociaty

Fig. 1
Cascade of uncertainties within a causal
chain.

B

climatic, ecological and sccial consequenc-
es which will result from the expecred
effects of these gases. The simplified illus-
wation shown in Fig. 1 demonstrates the
fact thar the uncertaintes involved within
a causal chain multiply at each stage, and
thus undergo an overall increasé. In addi-
tion, this figure implies that the uncernain-
ties inherent in the sequence climate —
ecosystems —> saciery increase on proceed-
ing from physical syscems through biolog-
ical systemns to human systems. It should
be stressed thar this illustration does not
yet take into account the effect of feedback
berween the systems alluded to above.
Thus it would appear thar the synthesis of
individual results, obtained under special
conditions, t obtain an overall result
becomes increasingly problematic. The
uncersainties which occur are of various
types. Apart from an inadequate state of
knowledge, which can be improved by
intensifying research efforts, the dynamic
nature of the systerns to be investigated
gives rise to questions and gives cause for
refiection.

Complexity Does Not Imply
Continuity

As a contribution to research in rhis ares,
the Department of Environmensal Physics
at FAWAG is studying environmental ar-
chives such as lake sediments and Green-
land ice cores. These studies have shown
that changes in climate, as well as in
ecosystems, do not occur conrdnuously,
bur rather in discrete jumps. A clear. illus-
tration of this is given by the abrupt
change in lake sediments from an oxic to
an anoxic condition, This can be seen in
Fig. 2 in the color change from ligh: to
black of Baldeggersee sediments.

Such discrete changes are a general char-
acteristic of non-linear systems. They often
set narrow limits on predictive capability.
An insoucrive example of dhis is the diffi-

culry involved in predicting the weather in
Alpine regions. The occurrence and col-
lapse of Féhn conditions represent a dis-
crete change thar drastically limics predic-
tive capability. Such fimitadions of predic-
tive capability with respect to the changes.
in climate now threatening us are being
investigated in “CLEAR” (CLimate and -
Environment in Alpine Regions), a com-
ponent project of the é:urren.tly running
Swiss “Priority Program Environment”, to
which EAWAG is making important con-
ributions, :

More Knowledge ~ More
Decisions?

When estimaring limits on predicting the:
future development of the climate, it is
worth considering research resulss which

Fig. 2 .
Sediment core from Baldeggersee (CH)
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imply that important properties of the
oceans also experience discrete jumps (Fig.
3). The oceans play an exmremely impor-
tant role in long-term climase develop-
ment, especially insofar as regional differ-
ences ate concerned. An improved un-
derstanding of this role will necessitare
conducting extensive measurement pro-
grams as well as developing complex math-
ematical models. However, one must come
1o terms with the fact thar the progress
-arrained is likely to result less in an im-
provesment in predicdve capability than in
an improvement in our understanding of
why ~ similarly e the situation in meteo-
rology ~ predictive capability remains so
limited.

This does not at all mean, however, that
scientific results bearing on the climate
problem cannot form the basis for poliri-
cally imporrant statements. Research on
Greenland ice cores shows that the global
climate over the last few thousand years
has remained relatively stable compared to
earlier climare eras. The increase in green-
house gases in the earth’s atmosphere could
change this, resulting in an increased fre-
quency of estreme events for which no
further predictions are possible. It can,
therefore, be said with certainty thar a
threat exists globally, but concrete devel-
opments on the regional level are largely
open.

Such resulrs fir badly into the sradidonal
picture of science as the agent by which
well-founded knowledge is obtained which
can be employed as the basis for environ-
mental decision-making. It is question-
able whether the communication structure
which has evolved between science and
politics in other contexts can be taken over
unchanged in this new situation. This
structure can be outlined as follows (Fig.

4):

The Role of Science in
Determining the Politics of
Climate Change

Scientific research is funded by govern-
ment, which also decides on which ques-
tons to focus resources. An example of
such a question might be: “Up to whar
concentrations is a cerfain substance non-
toxic to humans and other forms of life?”

Seience works out answers to this question .

and trains speciafists who are able to
understand the answers and to make prac-
tical use of them. To do this, science has

1
5 'y
E3 o *q .
=g
28 o
gg 0.5 .
E . |
=2 .
"«E 3 Fig. 3
TE 0 Sudden change in
Zs . climate in the North_
g . Pacific region shown
E3 i in terms of an index
505 ° .
s ) ry composed of 40
g8 LI environmentally
Ea . Year relevant variables
m=1 LB S RS S I ERD RAPIE S S S M R S I B S R | {after Kerr, 1992,
1988 1570 1972 1974 1976 1§78 1980 1982 - 1884 Science, 255; 1508).

recourse to its accumulated store ofknowl-
edge, which is contnually being culcivared
and extended through basic research.
Based on the scientific answers which they
reccive to the questions they pose, the
politicians then decide on measures to
solve the problems which occur. An im-
portans example of this is the question of
threshold values, a ropic which dominates
large areas of environmental politics.

As far as the politics of climate change is
concerned, such an approach does not
seem particularly promising. The idea that
the resules of scientific research will allow
determination of the development of max-
imum global greenhouse gas emissions in
the future does not appear to be very
plausible. Even less plausible is the idea
that national limiss for such emissions can
be ser on the basis of such resules.

REGULATORY
ACTION

PUBLIC SECTOR

QUESTION
MONEY

ANSWER

EXPERTISE

BASIC
RESEARCH

Fig. 4 : :
Traditional structure of communication be-
tween science and politics

In the future, sclence will increasingly
have to involve iwself in an open social
dialogue on the subject of innovarive re-
sponses to the dangers of anthropogenic
climare changes. The goals of the climate
convention cannot be attained in a top-
down fashion by fixing quantitative global
emission limits based on the resuls of
scientific research, and then by arrempting
to implement them politically on the
national level. A complementary botrom-
up process is needed in which innovative
rechnological and social approaches to the
problem of reducing the concentration of
greenhouse gases are developed and their
uziliry is rested. The function of science in
this case would be not only to obtain
answers €0 questions arising from within
the context of environmental politics, bur

. also, increasingly, to test political solutions

(INNOVATIONS]

T T

QUESTION _ANSWER
ANSWER, [QUESTION:
MONEY EXPERTISE

BASIC
RESEARCH

Fig. 5

innovation-orientated communication be-
tween science and polities
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to environmental problems eritically, and
if necessary pose questions requiring polit-
ical, not scientific, answers.

New Impulses Must Come from
the Regions

Recent contributions to reseazch on inno-
vation emphasize that irnovarions nowa-
days often originate in regional environ-
ments, in which know-how relevant to
certain problem areas is collected in such a
way that coilective learning processes re-
sult. Important examples of this are Silicon
Valley in California and various regions in
central Italy and souchern Germany; the
watchmaking area of the Swiss Jura might
also be included here. A conscious empha-
sis on such regional environments will
probably be an important feature of inno-

vation-orientated environmental politics

(Fig. 5).

Within a framework such as this, ap-
proaches to a system of sustainable region-
al development (SRD) can be formulared.
With regard to climase change, a system of
SRD must fulfill three criteria:

* It must ser per capira levels for green-
bouse gas emissions which can be gener-
alized to cover humanity globally.

» It rust be economically comperitive.

* It must function internationally as an
example of a desirable state of affairs
worthy of emulation, thus contributing
to an effective reduction of greenhouse
gas emissions regionally as well as glo-
bally.

In the Department of Human Ecology at

EAWAG, some ideas relevans to the devel-

opment of a system of SRD are being

investigated with respect to new forms of
wansport (Swatch Mobil} and new forms
of living requiring a lesser degree of mobil-
ity {decentralized places of employment).
The possible role which could be played
by raxes on CO, emissions and/or other
forms of an energy tax is being given
special consideration here. By opening a
dialogue berween science and relevant so-
cial groups, 2 discussion of global environ-
mental problems on the regional level,
under full awareness of existing uncerrain-
ties, can be facilirated and the capabiliry o
act innovatively promoted.

Herbert Giittinger

How Much Stress can Organisms and
Ecosystems Tolerate?

Ecotoxicological Considerat'ions

Organisms Under Stress

Stress in the medical sense means an
abnormally high strain placed on an or-
ganism by external and internal stimuli.
The term also encompasses the torality of
the bedy’s nonspecific adaprive and pro-
tective reactions. Typical stimuli include
heat, cold, overexerrion, oxygen deficien-
cy, nurritional deficit, infections, surgical
procedures and mental excitation. Three
stages of stress can be defined as: 1. the
immediare, short-term emergency phase;
2. the subsequent defensive phase; and 3. a
repair phase with a concomirant adapta-
tion syndrome. This definitien of stress
can be applied, by analogy, to the non-
human part of the biosphere.
Environmental protection is primarily
concerned with those external stimuli aris-
ing from human activity, and the conse-
quent need for their reduction when they
exceed “normal” levels. But whar do we
mean by normal? Let us rake, for example,
the simplest and ultimate effect: the death
of an individual and the extinction of a

8

species. In excess of five million different
species of microorganisms, plartts and ani-
mals have evolved over the course of the
last 3~4 billion years. Even without any
help from humans, a great many species
have died our during this very stow evolu-
tionary process, whether as a result of
catastrophes or gradual displacement by
more successful species. Evelution is a
dynamic process in which the growth,
repreducrion and meodification of organ-
isms is Himited by external forces, and it
results in the selection of species. In recent
decades, the natural limiting factors have
been compounded by adverse influences,
introduced by humans, which far exceed
the adaptive possibilities of species in
terms of power, diversity and variability
(Fig. 1). Such effects cannot be ignored.
According to expert estimates, several
thousand species become irretrievably ex-
tinct each year {1}, The more highly de-
veloped organisms with long generarion
tmes and 2 complex genome are particu-
larly affected. Simpler organisms are more
likely to be able o adape.

In the short-term at least, the ecosystem
“earth” has managed to cope with this
incredible, irreversible destruction of ge-
netic informarion. Whether humans, as
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Fig.1
Evolution and extinction of species.

The emergence of species is based on data
concerning the first appearance of life in
the earth’s history and on estimates of the
currently surviving numher of species {1}
The rate of eradication by humans is
shown as a trend without precise figures.
The specified rates should be considered
simply as orders of magnitude. The
present rate of species extinction exceeds
that during the greatest catastrophes dur-
ing the history of evolution by several
orders of magnitude.
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“higher” organisms, will be able to tolerare
cohabitation with nothing but insects,
algae, bacteria and fungi remains to be
seen. As a result of this adverse rrend, more
and more people are becoming uneasy, and
more and more people are supporting the
protection of species as an urgent national
and global task. They no longer view the
stress of species extinction as an acceptable
price to pay. To reduce this stress, the
requirements for the survival of threatened
species must be satisfied, and no addi-
tional species should become endangered.
Chemical, physical and biclogical needs,
and requiremenss relating to habitar and
diet all have to be fulfilled. The boundaries
of the ecological niches of species should
not be encroached upon by human activigy.

Ecological Niches and Limiting
Factors

Let us take a closer look at the concept of
the ecological niche. According to Hurch-
inson [2], it is a mulddimensional space
incorporating all of the factors that affecta
species (Fig. 2). For each individual factor,
there is a range within which the species
can exist. Within this range, the transition
from ideal living conditions through
harmful effects and exrending up to acute
lethal effects is gradual. As a one-dimen-
sional concepr, an ecological niche could
also be considered as a dose-response refa-
tionship (Fig. 3). As far as nutrients and
esseniial trace elements are concerned, for
example, low concentrations/doses lead o
harmful effects, an optimum balance is
achieved at medium concentrations and
high concentrations are poisonous. Toxic

Stress factor 2

Stress factor 1
Fig. 2

Ecological niches.

Schematic diagram of the ecological nich-
es of certain species in relation to two
factors. The twe-dimensional presentation
is & considerable simplification of the actu-
al multidimensional niche of a species.

o of a species
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Fig. 3

Relationship between ecological niche and
dose-response curve.

The projection of the two-dimensional pre-
sentation of a niche shows the relation-
ship of a single factor to a vital function
{growth, reproduction, change). The tran-
sition from harmful 1o harmless is gradual.
Threshaold values have to be set arbitrarily
for a specific effect {generaily the death of
the individual).

substances, by definition, produce only
adverse effects on individual organisms by
limiting growth and reproduction.

The higher stages of biological organiza-
tion, such as popularions, complere bio-
cenoses or ecosystems, should not, howev-
er, be weated simply as the sum of their
individual species; they must, instead, be
considered in their entirery. Within a sin-
gle population, for example, Lifecycle stag-
es with differing sensitivicies and genetic
variants must be taken into account. Fora
population to remain in existence, specific
individuals need not only survive but must
be able o reproduce. The greatest differ-
ences between stress reactions, however,
arise from the differing sensirivities of the
various species involved. At the biocenosis
fevel, therefore, suess almost invariably
involves a shift in the quansrative relation-
ships and interacrions of the species [3].
Such quantitative changes can alse lead, in
time, to qualitative modificasion of the
species structure. At the still higher stage of
ecosystems, bogeochemical and physical

“ status can also influence the fate, availabil-

ity and effects of a toxin. The primary
effect of seress at the molecular level is thus
reproduced, via the individual and popula-
ton, wltimately to affect the structure and
function of whole biocenoses and ecosys-

terns. Even the minutest of disruptions can
change the direction of evolurion and pose
long-term limies on certain species. How-
ever, such relationships are at present
almost impossible to quandify, and we,
therefore, have to adopt a pragmaric ap-
proach in estimaring tolerance limits. In
this contexs, the shorz-term survival of the
population of the most sensirive species in
any biocenosis represents the minimum
requirement. Satisfying this requirement
in the best way possible is one of ecotoxi-
cology's most imporzant tasks.

A Yardstick for Measuring
Toxicity

Before entering into circulation, therefore,
chemicals (and other stress facrors) must
be investigated for their potential harmful
effects and environmental impact. Nam-
rally, experiments can only show whethera
stress has a specific effect, or whether such
an effect is not observed under certain
circumstances. In other words, we can
never definitely exclude the possibility thar
an adverse effect will oceur somewhere or
sometime. As a resulr, general safery or
environmental acceptability is just as diffi-
culr to prove as general innocence, Toxicity
is not a quantifiable paramerer.

Instead of resigning chemselves to these
unpalatable facts and banning everything,
or simply waiting until something hap-
pens, most countries have adopred prag-
matic sofutions. New substances have to
be investigated for their toxic properties by
means of standardized ecotoxicology tests
[4]. Selected, represefirative laborarory or-
ganisms are tested for their sensitivity to
the test substances. In aquatic systemns,
these mainly involve specific fish, daphnia
and algae. These tests are complemented
by investigations. into degradation behav-
ior and bioaccumulation. The concentra-
tions at which a defined effect oceurs afrer
a predetermined period are measured. The
following are the most commonly em-
ployed reference values: the concentration
at which 50% of test organisms die within
48 hr {LCs{48h), lethal concentration, Fig,
4}, the concentration ar which a 30%
effecr is observed after 96 hr {ECsy(96h),
effect concentration), the concentration at
which a specific effect is no longer ob-
served (NOEC, no observed effect concen-
tration). However, toxicity figures of this
kind can never be totally reliable. They
simply provide orders of magnitude at

9
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which cermain (generally undesirable) ef-
fects occur. Consequently, thresholds and
quality targets have to be ser at a lower
limit in order to be able safely to exclude
such effects. The size of cthe safery margins
used will depend upon political require-
ments and the available rest dara [3].
Science’s rask is to improve the mean-

ingfulness of “roxicity” figures and to assist -

in the interpreration of such data in the
light of polirical goals. Arcemnpts must be
made to reduce both the probability of
error in the classification of substances and
the number of laborarory animals required
for the relevant rests. Important facrors
affecting reliabilicy include: differing sen-
sitivides of different species and different
stages in the lifecycle, unreliable extrapola-
tion of short-term effects to long-term
effects, inadequate knowledge of synergis-
tic effects of substance mixtures, scaney
knowledge of indirect effects, lack of infor-
mation about the relationship of effects on
specific individuals to those on higher
stages in the biological hierarchy, and
generally poor applicability of laboratory
findings to situations in the field. The
critesia for enabling policy makers to set
ecotoxicological requirements are to be

fourd in the feld of ecology, and they

100% M.

| Death within
E 48 hours

50%

Survival

|i3fath within
86 hours
0% == =

LC, (96h) LTy, (96h)
LC, (96h)

Concentration

Fig. 4
Typical toxicity curve.

The graph shows reference values typically
used in ecotoxicology: LCspl48h) (lethal
concentration or the concentration at
which 50% of test organisms die within 48
hr). The ideal aim of an ecotoxicological
test would be to find a value helow which a
negative effect no longer oceurs. Unfortu-
nately, such a value cannot be determined
directly by experimentation.
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affect all stages of biological organization,

from the health of a single organism to the
integrity of whole ecosystems.

So How Much Stress can Ofgan—
isms and Ecosystems Tolerate?

One is tempted to answer “none”, though
such 2 response would be incorrect and
unsatisfactory. The 16th century physician
Philip Theophrastus Bombasrus von Ho-
henheim, otherwise known as Paracelsus,
was right when he said: You wish to know
what is and what is not poisonous? All things
are poisonous and nothing is without poison;
the dose alone makes a thing poisonous. But

" Darwin was also right when he observed,

in his theory of evolution, thar the devel-
opment of species involves an interplay of
growth, reproduction, change and selec-
tion by external forces — a constanc strug-
gle for life combined with survival of the
firtest, but resulring in stress for the weak.
Thus, a certain amount of stress appears to
be not just tolerable, bur even essential,
since it compels species to adaprt constantly
to the changing environment,

A second possible response would be: as
much as would exist withour the presence
or activities of humans [6]. This would
also be unsarisfactory. In the first place, it
would be impossible to construcr a satis-
factory model of the situation on earth
withour humans. Secondly, purting this
into practice would exclude humans from
earth. Nevertheless, this rype of approach
can provide valuable insights into the
tolerability of seresses.

In fac, the guestion cannot be answered
in general and absolute rerms, but rather
has to be consciously posed for each indi-
vidual factor and viewed within the overall
context. The risks and benefits of sub-
stances should be assessed on a case-
by-case basis. The borderline condidons
for using a substance need to be deter-
mined and its fate and effects monirored.
The isreversibility and extent of any harm
should be considered in light of specific
parameters {e. g, amount, spatial and
temporal distribution, rate).

The multifaceted narure of the problem
can be illustrated by the example of alco-
hol. Taken in small quantides by adults,
alcohol produces positive effects on the
mind and circuladon. Long-term con-
sumption, by contast, generally proves
harmful. It produces a disinfecrant effect
when applied externally ac high concentra-

tions, bur the consumption of large deses
can prove fatal. So while it would not be
helpful to introduce a general ban on
alcohol, it is certainly appropriate to rule
on particularly critical areas such as alco-
hal for ehildren or drivers.

The limit of tolerability of chemical
stress lies somewhere berween the narural
background concentration and the experi-
mentally determined soxicity values [5].
The range is very narrow and sufficiendy
well-known only for a few stress factors. I
has to be determined for each individual
factor through experimental investigation
of its effecrs and improved meodels for
reproducing natural condidons [7]. The
natural range of variadon in environmen-
tal concentrations and effects serves as a
starting point for the evaludtion of stress.
Irreversible damage, such as the extinerion
of species or climatic changes, should be
avoided or delayed for as long as possible.

Cd [ug/l}
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Fig. 5
Graph showing the ecotoxicity of cadmi-
um [10],

For many substances a variety of experi-
ments have been conducted, each produc-
ing differing results depending upon the
trial design. In evaluating a given sub-
stance, results have to be selected from
the wealth of toxicity data thatare relevant
to the problem in question,
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However, as well as gaining a better under-
standing of, and sadsfying, the require-
ments of species (their ecological niches
and limiting factors), we also need to
identify possible alternarive approaches.
The great chailenge is wo idenufy and
preclude future problems befoze they arise.
Developments should no longer be left to
chance; we have to manage our own planet
(8, 91. This means thar we have to make a
conscious decision, for each human activi-
ty, as to whether its consequences can be
tolerated or nor. In. making this evalua-
tion, we should rake a holistc view of
existing knowledge. The toxicity dara in
Fig. 5 illustrate the variety of investdigated
effects and effect concentrations. Instead
of searching for a uniform measure for
“toxicity”, we need to quansify the rela-
tionships berween cause and effect. These
should be interpreted in a targered manner

{see also 3) and should also rake inco
accouns preduction data, exposure analy-
ses and characreristics of the receiving
ecasystems.
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Tom Gonser

The Significance of Stream Morphology
| for Ecosystem Functions

Originally, riverine landscapes were by far the most speciose areas in our
biome. They formed an extensive network of corridors along which the
majority of our indigenous flora and fauna could move and from which
disturbed areas could be recolonized rapidiy. These were the zones of
the highest natural mass transport and mass turnover. Furthermore,
natural river ecosystems and its adjacent lands demonstrate a pro-
nounced stability against climatic changes as compared with terrestrial

systems.

The Structuringi of Watercourses
and Interactions with their
Surroundings

The strucrure of streams is decisive for
their ecological funcdons and for cheir
system characteristics as 2 whole. These
characteristics are determined by factors
such as gradient, width, grain size and
activity of the sediments, discharge, bank
structure, riparian vegeration, contact to
ground water and the possibility of exercis-
ing a self-strucruring activity. Through
" human manipulations of structural ele-
ments, drastic changes in the system char-
acteristics have resulted which in tun
raises two important questions. Which
ecological funcrions have been lost due to

these structural changes? Which manage-
ment policies need to be implemented so
that natural ecosystem functions are suffi-
ciently guaranteed?

The formation of the strucrural charac-
teristics is determined by the geologic/
geomorphologic development of the entire
catchment of which che stream is an active
participant. The “embeddedness” of a river
in 4 landscape and its interactions with the
environment are of such overriding impor-
rance that lotic ecosystems! are character-
ized by their “edges” mare than any other

“ecosystems. Boundaries or transitions

other ecosystems or habitats are generally
termed “ecotones”,

Fundamentally, three different sirua-
tons must be distinguished [13: (1} the

water flows directly on an impermeable
layer; (2) when sediments are deposired on
an impermeable layer {e.g., bedrock), a
systemn of pore spaces beneath the stre-
ambed is formed chat is generally rermed
the hyporheic zone (gr. “under the flow”;
see also Fig. 6). If sediment deposits are
limited in scale, only river water flows
through the hyporheic zone; (3) In wider
valleys and lowland plains, a stream may
flow over extensive sediment deposits (al-
luvium} in which a groundwarer body is
developed. Under such conditions, the
hyporheic zone forms an exchange and
transition zone berween ground . water
(“phreatic zone"} and surface warez.
Longitudinally (Fig. 1b), we usually
find a series of rransitions becween these
situations [2]. In montane headwaters, all
three conditions are often present relative-
ly close to one another. The small basins,
filled with coarse material, are well perme-
ated and receive a major portion of the
water through subterranean input fom
coarse debris slopes. When rdvers flow
through parrow valleys and gorges, where

! running water systems
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the bedrock reaches the surface, both situ-
ations 1 and 2 are present. Further down-
stream, a large alluvium may be formed
out of finer material. For alluvial reaches,
the wide laseral connectivity with the land
(Fig. 1c) and interactions with the phreatic
zone are typical. Two distinct types of
stream reaches can be differentiared by
their wanssectional profiles (Fig. 1a): (1)
constrained reaches, in which the stream
flows through a narrow valley; (2) uncon-
strained reaches, where the river is flowing
over an alluvium and has the possibility of
expanding laterally and interacting with
the ground water.

Watercourses: Past and Present

Naturally structured, unconstrained allu-

vial reaches are of highest biological im-
porrtance; high aquaric and rerrestrial hab-
irac diversity is created and are zones of
high material rerention and rurnover {2].
They may be considered “biological hot
spows”. In constrained reaches, on the
other hand, there is liredle interaction with
adjacenc areas, and material rerention and
turnover are relatvely low.

With few exceptions, the alluvial reach-
es in Switzerland have been completely
rransformed into  constrained reaches
(Fig. 1d). Below 1500 m, there are only a
few biologically functional, unconstrained
stream reaches left (e.g., the Rhine ar
Rhiiziins and Maserils, the Rhone above
Sierre and the Maggia berween Bignasco
and Avegno). However, all of these reaches
are subject ro the influence of hydroelec-
wic power generation. Faced with this
drastic and thoroughly structural and hy-
drological impairment of the lotic ecosys-
tems, one must ask the following ques-
tions: Which factors sustain high biodiver-
sity? Which factors affect the energy and
nuerienr budgers? :

Diversity of Structures in Time
and Space

Because of the importance of the transi-
tions to other zones, lotic ecosystems can
be conceptualized as four-dimensional sys-
tems [3]. They demonstrate longitudinal
changes and connectons, lateral transi-

2 benthal = the bottom of wazer bodies, in this case,
the soreambed. Benthic: relating to the sueambed.

* benthic stream organisms that penetrate inta the
sediments end true groundwarer organisms that
enter the hyporheic zone.
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Fig. 1

Schematic longitudinal and ¢rass-sectional representation of a river continuum,
a} Constrained and uncanstrained transectional profiles.

b) Longitudinal profile,
¢) Natural surface flow course,

d} Surface flow course after engineering alterations {adapted from [2]).

tions to terrestrial zones, and versical tran-
sitions to the groundwater zone. These
three sparial components exhibit differing
temporal variabilities.

The aquatic-terrestrial ecotone is domi-
nated by the discharge regime. Communi-
ties in the areas berween high and low
discharge levels {"varial zone”) are condn-
uousty disturbed in their successional de-
velopmenc [4] {Fig. 3). This disturbance is
not homogeneous but, rather, very hetero-
geneous in its effect, creadng a complex
mosaic of patches of different successional
stages and species composidons. Through
the “interwovenness” of aquatic and terres-

Fig. 2 .
Alluvial river with floodplain and typical mesaic of patches of differing successional stages
and habitat due to aguatic-terrestrial interaction.

reial areas, both have suwong effects on
cach other's structures and functions, and
hence a very heterogeneous landscape is
formed (see Figs. 2 and 3). It must be
emphasized that this structural diversiey is
not temporally constant or “fixed”, but
rather extremely dynamic (Fig. 4). The
areas that are flooded often, (i.e., exposed
to high disturbance frequencies), are colo-
nized by ploneer communities. These are
mostly plants and animals with high re-
production rates that can recolonize dis-
turbed areas rapidly and are able to survive
under extreme condirions, On the other
hand, areas that are subjecr 1o low distur-
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bance frequencies are dominated by com-
petitive species. In an alluvial varial zone,
there is a mixture of parches developed
under the influence of the entire spectrum
of disturbance frequencies; therefore, not
only the structural heterogeneity as such is
important for sustaining high biodiversiry,
bur also the temporal variability of this
hererogeneity. In a similar way, discharge
dynamics affect the biora in the stream
irself, resulting in a complex parchwork
of different macrozoobenthos? communi-
ties [3].

The stricrure of the vasial zone s a
dominant factor in determining the nurri-
ent budgets of lotic ecosystems. Under
high discharge condidons, the vegetation
lowers current velocities and is rerentive
for drifting organic material. Plant roots
stabilize soils and sediments against ero-
sion. Logs, branches and roots in the
stream refain drifting marterial and are
responsible for the formation of deep
pools which act as sedimentation zones
and shelrer for fish under low discharge
condirions. The retention in periodically
flooded areas is much higher than that of

- permanently inundared zones [6]. In sum-
mary we can state that the discharge
dependent laseral interacdons in alluvial
aquatic-terrestrial ecotones with their high
retention capacities are responsible for the
high biclogical diversities associated with

natural riverine ecosystems.

The Significance of Surface
Water/Groundwater interaction

The observation of water levels in wells
drilled into intermontane floodplains has
shown thar these closely copy the wazer
levels of the river. The river is hydrological-

Fig. 4

100
10

Elevatlon

6 Fig. 3

The varial zone as a dynamic
ecotone,

Patches of differing succes-
sional stages and their bound-
aries change continuously in
time and space, Dashed lines
refer to ecologically important
flood levels:

y = yaarly, 10 = 10 year,

Patch zone

ly connected to the ground water of the
alluvium; however, this connection is not
to be conceprualized as a continuous tran-
sition, but rather as a nerwork of “arteries”
and as a mosaic of ienses of different
particle size composition. In the course of
the genesis of the alluvium, the old river

channels consisting of relatively coarse

material are rearranged and/or covered.

over; thereby, zones of very different
perosities are created. If chese old, po-
fous river channels (paleachannels} are
tapped into, pumping may produce river
organisms which may be encountered

up to several kilometers away from the

screamn channel {7]. In these paleochan-
nels, and in less porous zones, there are
also wue groundwater organisms. Func-
tionally, a “combined biocoenosis” consist-
ing of epigean‘and hypogean organisms? is
present. This combined biocoenosis lives
off of the biofilm on dhe stanes where
microorganisms metabolize dissolved or-

100 = 100 year events,
Numbered pateh zones refer to
distinct biotic assembiages
[from (4]}

ganic material. In partculatly porous
alluvium, its biomass can exceed the
benthic standing crop. This shows thar the
river is connected not only to the ground-
wazer zone hydrologically but also biologi-
cally. The hyporheic zone of alluvial rivers
is a complex surface-groundwater ecotone,
whose expanse is dependent upon the
porosity of the sediment deposits. Marerial
and’ energy inputs are determined by
the hydrogeologic exchanges and the
biecoenotic composition results from the
active immigration capacity of the indi-
vidual raxa.

Longitudinally, sweams show marked
structural changes and discontinuities de-
pending on the geologic formations which
they traverse. On the other hand, inside
of a stream reach, or an alluvium, there
are characteristic longitudinal connections
with the riparian and subterranean zones.
Narural stream reaches normally demon-
strate pool-riffle sequences. Particularly ar

Two aerial photegraphs of an alluvial floadplain taken 1 years apart (Middle Ferk of the Flathead River, Montana, USA}
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the riffles, river water flows through the
~ streambed and the hypotheic zone
(Fig. 3). Rivers that meander in alluvial
deposits often show typical downwelling
zones in the meanders upper portion
and upwelling zones in its lower portion.
Through these conditions transported par-
ticles are retained and the river warter

passes through a porespace system, which’

is lined by a microbial bicfilm, where
dissolved nursients can be taken up and
metabolized.

Lotic ecosystems also have large scale
interactions with the groundwater zone.
As rivers enter an aliuvial basin, there
is predominant downweiling (infiltration)
into the ground water, while at the lower
end of the basin, where the valley becomes
narrow, mainly upwelling (exfileration) our
of the ground water takes place (Fig. 5).
Due 1o the surface water-geoundwater
interactions, water with varying rempera-
ture regimes and nutrien: concentrations
reaches the surface. Thereby a large range
of water temperatures can be measured on
an alluvium, especially during the summer
- months.

Maintenance of Aquatic Habitat
Diversity: Conclusions

The interplay in development and dynam-
ics of these ecorones leads to varial zones
with very diverse aquatic habirats such as
oxbows, side channels, springs, spring-
brooks, groundwater-fed ponds, and a
very heterogeneous stream morphology
{See Fig. 6). In order 1o take into account
the aquatic-terrestrial interactions and the
funcrional significance of the surface wa-
ter-groundwater ecotone, our understand-
ing of lotic ecosystemns must literally be
greatly “expanded”.

Through strucrural alterations of the
alluvial stream reaches, their retention ca-
pacity for water, solids and nutrients, their
internal mass rurnover, their formarion of

Subunits of the Huvial hydrosystem

Fioodplaln

Kniek point

Knick paint
iffle

paol  siffia

Fig.5

Schematic representation of large and
small scale up- and downwelling zones in
the riffle-pool-sequence of an intermeun- .
tain floodplain. D, d=downwelling zones
{infiltration); U, uzupwelling zones {exfil-
tration},

aquatic habirat diversity, their interaction

with the ground warer, the creation of wet

and dry sices for plants and the murual
influence of aquaric and terrestrial zones
has been reduced to a minimum. The
importance of the rivers acrivity for the
crearion of semiaquatic and rerrestrial hab-
irat has been especially neglected, which is
expressed in the almost complere absence
of biologically functional floodplains.

Ecologically sound managemens strate-
gies of lotic ecosystems must pursue the
following objectives:

* Create a high degree of conneceivity
with the terrestrial and ground warer
zones

* Provide for the creation of biologically
funcdonal varial zones

+ Use spatio-temporal heterogeneity as a
basis for high biodiversity and high
resilience capacity after disturbance
events. Permit the self-serucruring activ-
ity of the stream

*+ Protect oxbows, sidearms, springbrooks,
groundwater-fed ponds, and adjacent
wetlands

* Assure a significant pawsal input of
large woody debris as siructuring ele-
mernts

* Protect sediment permeability

afe;-,
ble | W &m T ¢
\ .
\H)'gofhﬂlc’&jrpaleochannel
wZone ]

.........

Phreatic Zone
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Fig. 6

Subunits of the
fluvial hydrosys-
temn in rhithron
segments of river
ecosystems.

Howeves, management strategies cannot
be focused only on the streams themselves,
but must also take strucrural changes in
the carchment into considerztion {8, 9].
The furure management of running waters
must be oriented towards the regeneration
of the associated ecotones as funcrional
units in which streams are naturally em-
bedded [10], 2nd thereby assure the inter-
actions with riparian and ground water
zones. The structuring function of the
discharge dynamics must be especially
taken into consideration. As a whole,
in both research and management, we
must move away from viewing streams as
pipes separated from the adjacent land and
ground water, and instead move towards
viewing streams as integrated components
of a hydrologic continuum, which are
tightly connecred and intricately interwo-
ven with the adjoining zones [11].

I would like to thank Dr. Jack A. Stanford
for the stimulating discussions leading to
the development of this lecrure.
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Peter Baccini

- First Steps Towards Sustainable Regional
Resource Management

What does the “Sustainable
Management of a Region” Mean?

The terms “regional resource manage-
ment” and “sustainable development” are
empty phrases thar usually evoke vague
ideals instead of delivering concrete ad-
vice. Environmental policy, which has
only existed for a few decades is, neverthe-
less, a rich source of experience which can
be utilized in taking the first steps in this
direction. The phrase “sustainable devel-
opment” was coined during the course of
the Rio Conference in 1992 {UNCED)
and was meant to encompass the following
issues:

* a global plan for a combined, concerted
effort in sackling envirommental and
development issues {called Agenda 21)

* an urgent appeal to cthe First World to
reduce its consumption of nonrenew-
able resources (presently amountng to
80% of global consumption)

* anaid program for developing countries
supporring them in the sustainable use
of resources

For the resource management of regionally
sovereign societies, the transition 1o sus-
tainability entails the introduction of cer-
tain “rules of conduct” which can be
summarized as follows (acc. to Dorella
and Dennis Meadows, Herman Daly and
others): :

* Replace nonrenewable resousces by re-
newable ones.

* Carry out the same amount or more of
~an activiey, process or job using less

energy and less marerial.

* Plan ahead for several generations.

* Reduce reaction times. .

* Mainnain quality standards regarding
the environment,

» Take the next steps rowards a possible
solurion without any certainey of the
outcome; make the steps small, howev-

er, in order to minimize the consequenc- ~

es of making mistakes.
Sustainable management of regional re-
sources means to starc our by introducing
these rules of conducr in your own com-
munity; that is, in your own “house”.

What is the Function of
Development Planning and
Environmenta! Protection?

First we should ask ourselves whether the
existing regulations for the use of resources
are not already adequate. In Swiss legisla-
tion (e.g., the faw relating ro development
planning and the law for the protection of
the environment) are possible instruments
for applying the principle of sustainabiliry.
The Federal law relating to development
planning (RPG 1979, Art.l) states the
following objectives:

‘The federal, cantonal and community
governments bave the responsibility of imple-

menting soil conservation. They have to

coordinate their activities within a region

type of land area (km?} fraction (%)
relevan:c total area 13’500 100%
{excluding alpine meadows, forests, waters}
agriculiure 10°000 74%
settied {populated} ares 2400 18%
land reserved for construction {future) 1100 %
Table 1 ) ;
Land use in Switzerland (in the early nine- fraction fraction tiek ciese
- teen nineties) {af total area} 1 the nawral stase)
Growth rates of settied areas in m2/ c y: agricuiture 55% 4-~5%
1950-1990: 30 km?/y — 5 ) forest 30% =99
1990-2030: 20 kmi/y — 3
‘ setilements 13%
Typical land use In the lowlands of Switzer- - — =
tand (right}’ unproductive i

and shall see to it that the land be settled

according to the objectives that were original-

ly stated for its development. In this they take
into account both the natural factors and the
needs of the population and the economy.

This means that the soil can only be
used conservatively if the “development
objectives” stated above are respected; the
pursuit of these objectives entails a socio-
political process with particular consid-
eration for “nature”, “population” and
“economy’. ,

The report on the situation of Swirzer-
land’s development planning ar the begin-
ning of the 1990s (Swiss Fed. Dept. of
Statistics, Development planning Report
of 1987, Baccini er al. 1993) suggests that
(see Tab. 1): '

1) The forested area is “taboo” (“untouch-
able™) unitil today. The foresery law
(1905) grants the forest 2 unique posi-
tion and only aillows for a separation
berween agricultural land and serde-
ment areas. _

2)If the degree of self-sufficiency with
regard to foodstuffs should be increased
or should at least level out (today this
degree lies at 63%), then:

* the yield per area has to be increased

and/or

* the nutritional behavior of consumers
(i. e., their nurritional “needs”} have o
be changed and/or

* forested arez has to be converred into
agriculrural land

3)The consequences of growing settle-
ment areas used to be:

» growing demands for resources (per
capira) {exceptions are the consump-
tion of headng fuels and warer as a
result of increased efficiency)

* increasing emissions (of pollutants per
volume)

* an increase in the use of purification
technologies (“environmental technol-
ogy’)

4)The key actvities are “living” and
“ransportation”

* they consume most of the energy

{>80%)
15
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P Cu Zn Pk
Loading 20 02-08 | 1-4 101-05
amounts in% :
e fertilizer 90 50 45 1¢
¢ sewage sludge 8 25 15 45
* deposition 2 25 40 45
fag time {years} until increase noticeable 20-80 | 10-50 | 20~80 | ZD-BO

Table 2

Quantitative changes in the elements in agricultural soils {ace, to Baceini and von Steiger,

1893). Annual net increase in kg/ ha y.

* they contain the largest amount of
resources

The paragraph stating the purpose of the
Federal Law relating to the Protection of
the Environment states thar (USG 1983,
Are1):
! The purpose of this law is to protect
persons, animals and plants, their
biological communities and habitats
against harmfil or annoying effects and
to conserve the fersility of the soil.
Early prevenrative measures shall be
taken in order to limir effects which
could be harmful or annoying,
Several principles contained in this law are
already based on sustainability; such as the
requirement for the conservation of the
soil which is very difficult to define scien-
tifically, and the principle of precaution
which has been applied tentatively if at all
until now. Investigadons on the metabo-
lism of 2 region (Brunner et al, 1991}
suggest thar the application of ardinances
which are derived from the law for the
protection of the environment do not
guarantee the sustainable protection of the
soil or the ground water regarding their

bJ

use. The conclusions can be summarized

as follows: ]

1) Development planning and environ-
mental protection could and stll can
affect the anthropegenic fluxes of re-
sources in the following ways. They can:
¢ channel them,

* decrease their growth rates,

* stabilize them at a high level,

* bur not reduce their amounts.

These laws do not suffice for inidaring
the introduction of the aspired efficien-
cy in the use of resources.

2)The strategy of setting up pollution
standards in the ordinances of the USG
permitted a de facto “loading” of soils,
surface and ground waters (i e., de-
tection of pollution instead of early
warning). It contradicts the above-
mentioned principle of prevention.
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3) There are both simple and more diffi-
cult areas within the whole to which the
principle of sustainability can be ap-
plied.

In the following section, three examples

are given: waste management, agriculture

" and construction.

Waste Management is a
Relatively Simple illustrative
Example (for Applying the
Principie of Sustainability).

Its main funcrion is to produce environ-
mentally comparible products (Swiss waste
management guidelines, 1986). The final
quality standards of wastes for permanent
disposal is of key importance. This means:
* sustainability with regard to the disposal
of wastes (. e, no pending old roxic
“dumps for future generations to clean
up)
¢ the trearment of mixed wastes is becom-
ing expensive as it eneails complex and
expensive technology. As a consequence,
recycling separately collecred wastes be-
comes an economically viable alrerna-
Tive.
Which wastes have to be disposed of in
Switzerland?
* slag from incineration plants: 100 ~150

kg per capita and year (kg/c y);

* precipitadion filter residues from trear-

ment of exhaust fumes: 10-15kg/c y;
* the inorganic fractions of sorted con-

struction wastes: 200700 kg/c v.
The quantities and qualities involved (i. e,
their suitability for use as raw marerials or
as anthropogenic sediment} are difficult to
assess. The expense (abour 200-700 sfr./
ton of disposed wastes including all previ-
ous treatments) amounts to roughly 100
sfr per person per year. This amount
practically equals 1% of the average annual
net income per capita.

Circumstantial evidence suggests that

the LRV and the TVA '91 ordinances have

led to step-by-step improvements unil
now. Some setbacks are evident, however,
as new dogmaric demands are being made
on waste management which run contrary
to the principle of sustainabilicy. Waste

‘management should also be socially and
economically comparible,

Agriculture is an Even More
Complex Issue than Waste
Management

Using the phrase “multifunctional agricul-

mre”, the 7th Agriculeural Report of

the Federal Council defines an objective

which calls for:

* a food supply ar economically competi-
tive prices

* environmentally comparible produc-
tion

* landscape planning

Even Table 1 suggests that almost exclu-

sively cultural landscapes are left to be

‘tended and reshaped. Dermands thar more

shouid be done for the good of the com-
munity are growing stronger. This work
will also have to be paid for by the
community; e.g., agricultural land would
be converted step-by-step into communal
meadowland. Making sustainable use of
the soil also means that the ecological
quality of the pedosphere must be con-
served (USG 1983). In order ro meer this
objective, balanced marerials Auxes are
necessary. This is not the case at present,
although the newly revised Water Protec-
tion Law requires such a balance regarding
nutrients. Table 2 suggests that a broader
view of the materials and rime spans
involved is needed. The implementation
of such an agriculrural policy would be
economically acceptable, as financing
this kind of agriculrure would cost about
1000 sfr./c y, which lies in the same range
as the present financing through govern-
ment subsidies,

The relative annual loss of nitrogen to
the water and 1o the air amounts to 50~
80%. This is equal to abour 9 kg of
aitrogen per capita per annum and lies
within the same order of magnitude as che
flux of nitrogen oxides from combustion |
processes.

The Construciion Industry is the
Third and Most Complex Issue

The strucrures for living and working and
the modes of transportation of people and
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goods determined by the nanure of the so-
called “national building serucrure” (i, e,
the entirety of the constructed infrastruc-
.ture of the naten, including all public
utilities, buildings, roads, etc.} in cen
determines the amounts and types of ener-
gy in the household of an economy. It
reflects and conzains important cultural
values of its sociery. Abour 300,000 sft per
capita are contained in the buildihgs and
roads of Swirzerland. At the beginning of
the 1990s, the rtotal volume of construc-
tion amounted to about 50 billion sfr.
The constructional changes which are
made each year to increase the efficiency of
the use of resources and energy equal
abour 2-3% of the rotal construction
volume. If we aim to reduce the expendi-
rure of energy several times within 30-50
years, then we have to begin reshaping
this national infrastructure. This expense
amounts to 10¢ sfr./c y, which is in the
same order of magnisude as the annual per

capita income. Such an effort is not yet

being considered concrezely, fet alone be-
ing rackled. Comparable to the previously
mentioned examples, 2 long term strategy
is also missing regarding construction. It
takes this example to realize the purpose of
sustzinability when the main economic
aspect of our sociery as well as our basic
material values are involved which are
anchored in the constitution,

Conclusions

Our first experiences wich the implemen-

wtion of development planning and envi-
ronmental protection legislation suggest
that we could already operate successfully
within economically less important areas
withour introducing totally new limiting
measures. These areas nevertheless are
of importance concerning the ecology of
their region, e.g., in agriculture (the pedo-
sphere and parts of the biosphere} and

waste management (efficiency in use of
resources and prevention of uncontrolled
disposal of toxic materials). These efforts
can only be successful if the political
COIMMitment is present to implement the
principle of precaution and the politrer
pays principle (having the originator pay
for environmental damages).

If the key entities of energy and mass
goods (warer, stone, merals) are 1o be

‘managed sustainably, then a basically new

orientation of the entire development of
the society with irs soructures is necessary.
For this purpose we need to revise our
constrution, firmly anchoring it within
the principle of sustainabiliry.

[1] Baceini B, von Steiger B {1993), Die Stoffbilan-
derung landwirtschaflicher Bgden — Eine »Me-
thode zur Friherkennung von Bodenverinde-
rungen, Z.Pflanzenernih: Bodenk., 156, 4554

{21 Baccini B, Daxbeck H., Glenck E., Henseler G.
1993, METAPOLIS, NFP 25 Stade und Ver-
kehr, Bd. 34A

Renata Behra, Giulio P. Genoni, and Laura Sigg

Setting Water Quality Criteria for Metals in
Running Waters

The discharge of metals info running waters and their concentration are
regulated by the Swiss Ordinance on Wastewater Discharge {1975) which
defines quality criteria as upper limits to allowable concentrations in an
effort to protect organisms and ecosystems. The study described here was
prompted by revision of the Swiss environmental protection law, and in
particular, that part of the ordinance dealing with wastewater discharge.

We consider with the following elements:
arsenic (As), lead {Pb), cadmium (Cd),
chromium (Cr), cobalt (Co)}, copper (Ca},
aickel (Ni), mercury (Hg), selenium (Se),
silver (Ag), zinc {Zn) and organotin com-
pounds (Sn). We recommend new quality
.criteria an the basis of known toxic effects:
and of naturally occurring concentrations
of these metals. We illustrate the procedure
for the case of copper and compare the
revised quality criceria with concentrations
found in moderately polluted streams in
order to assess current levels of metals
contaminpation in Swirzerland.

Ecotoxicological Values

To formulare water quality crireria, we
conducted @ literature search on toxic

effects of the above mentioned elements in
aquatic organisms, populations and eco-
systerns. From the literature on toxiciry, we
retained data on species and systems char
are endemic to Swirzerland, but also on
others thart are comparable in their ecolo-
gy- We caleulated from these data “ecotox-
icological values” (EV), corresponding o
concentrations below which roxic effects
may fnot be expected to occur. We did this
by dividing the effective concentration by
an extrapolaton facror. Such factors are
often included in risk assessments because
of knowledge gaps on the applicability of
data from labordtory experiments to the
environment [1]. There are, however, un-
certainties in the use of extrapolation fac-
tors. When extrapolating chronic from
acure toxic effects, a large factor is applied.

Conversely, when information is available
on subacure or chronically effective con-
centrations, smaller factors are applied.
These extrapolation faceors are arbitrary,
which is one of the main concerns in
ecotoxicelogy. In this way, EVs can be
estimated from the vardous relevant stud-
fes. Since it would not be sensible to take
into acchunt a single EV, we rather wok
several low values with which o compare
the data on chemistry. The EVs for Cu are
listed in Table 1. Lethal or sublethal effects
in various organisms occur in the ngfl
range, and the lowest EVs range from 0.05
to 2 pg/l. The complete ecotoxicology dara
and the references will be published else-
where [2].

Concentrations in Unpoiluted
Streams

For deriving warter quality criteria, we also
considered background concentrations oc-
curring in pristine streams using data both
from the Hrerarure and from EAWAG
stuclies [2]. Since the quality eriteria refer
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P

effective Effects EF BV Location Dissoived Cu
concentration pg/| ug/! pg/l
1 Green algae, inhibition of photosynthesis 1 1 St: L:’:'IW!" ence 0.6-1.1
. Mississippi : 15
6.4 Tube-dwelling worm, 48 hr |.Csy 100 0.05 Amazon - 15
4—8 Water fiea, 48 hr LCgy 100 0.85 Fast coast rivers, USA 1
2-10 Rainhow trout, larvae, infection 1 2-10 Rhane [France) 0.4-1.2
) P _ Lake Zurich 0.4-08
. »2 Rainbow trout, inhibition of growth 1 »2 Lake Greifen 03-1
0.1-10 Rainbow trout, avoidance behavior 1 §.1-10 Lake Alpnach 08-1.1
Table 1 Table 2

Selected toxicity data and calculated ecotoxicological values (EV} for Cu. Effective
concentration: dissolved (pg/l); EF: extrapolation factor; L.Csq: concentration at which 50%

of the organisms died during a given time.

1o the dissolved concentrations, we mostly
retained dara for filtered samples. From
the literature, we chose data for which a

careful sampling and analysis had been

carried out, Table 2 shows Cu concentra-
tions in a number of representarive warer
bodies, including some large, moderately
polluted streams. Streams that are compa-
rable to Swiss streams include the Rhéne

in France and various sweams on the

eastern coast of the U.S.A. The concentra-
tions measured in lakes and their outflows
{e.g., Lake Zurich, Lake Greifen) may be
considered representative of moderately
polluted streams. Recent measurements
show concentrations similar to those
previously found in Lake Alpnach [3].
_Few measurements of moderately polluted
streams (upper reach of streams), how-
ever, have been carried out in Swirzerland.
The Cu concentrations range from 0.3 1o
1.5 ug/l. An overview of the chemical dara
shows that background concentrations are
very low (i. e., in the range of nanograms
to a few micrograms per liter; (2, 3]).

Quality Targets and Speciation

Water quality criteria ought to be based
" on the lowest ecoroxicological values,
bur should nor be lower than natrally
accurring concentrations. A comparison
of rtoxicity and chemical data for Cu
shows thar the lowest EVs (0.05-2 pg/l)
overlap the range of narural concentrations
(0.3~1.5 pg/l). This is partly due to the
aforementioned uncertainties in the est-
marion of EVs, but also to the differences
in its speciation in laboratory tests vs.
natural warters. We shall briefly discuss this
laster aspect with respect to the relation-
ship berween the biological effects and the
chemical form of the metals.
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In a stream, metals may occur in various
forms in sediments, bound 1o suspended
particles or in solution. Since quality crite-
ria concern dissolved concentrations, we
shall only deal with the various forms (or
“species”) in solution. In addition to the
free metal fon, inorganic and organic com-
plexes may occur. The total conceniration
of the metal in soludon then corresponds
to the sum of all species, and the propor-
tion of each form depends on the chemical
composition of the warter.

Since the biological reactivity of metals
is relared to the actvity of the free meral

“ion, rather than to thar of the complexed

forms [4], the total dissolved concentra-
on is of lirce help in assessing environ-
mental risk. For a given rotal concentra-
tion, biological effects may vary, depend-
ing on the proportion of free metal ions.

Concentrations of Metals in
Moderately Polluted Streams

For a given copper concentration, the
propordon of frez mertal fons is orders
of magnitude smaller in natural waters
(Cu?*Cu ot dissolved = 10-5-1077; 6,7}
than in a laboratory system {Ca/
Cil roeat dissaived = 0-01-0.8). And while nac-
ural organic copper complexes occur in
water bodies, they usually do not exist in
tOXICITY Tests.

A comparison of toxicity and chemical
data with respect to the estimated free
dissolved concenrration shows, as expect-
ed, that the EVs are higher than the narural
concentrations (Fig.1). Considering the
speciation of Cu, we recommend a qualicy
criterion at the upper range of natural
concentrations (2 pgfl). Quality criteria
for the other metals regulated by the
ordinance were revised in a similar fashion.

Selected Cu concentrations in unpolluted
waters (total dissolved concentration, png/fi).

We also include selenium (Se) and organo-
tin compounds (Sn). Selenium could be-
come a probiem in the furure because of its
use in agriculrere. Organotin compounds
are among the most toxic metal deriva-
tives,

The revised qualicy criteria are com-
pared to the current quality criteria in
Table'3. With the exception of arsenic, a
strong reduction with respect to the 1973
ordinance is to be recommended for all
elements, particularly for cadmium, mes-
cury and silver. The EAWAG has already
made such recommendations for some
merals [3, 5].

A considerarion of the concenrrarions in
Swiss waters shows that the recommended
quality crireria for As, Pb, Cr, Se._and Nj
are generally nor exceeded (Fig.2). Few
dara are available on dissolved concenera-
dons of Hg, so it is difficult to estimate’
whether Hg concentrations in running

ni

I |

free dissoived Cu, pail
g,

EV natural Qc

Fig. 1

Ecotoxicological value (EV}, natural con-
centrations (natural) and recommended
quality criterion {QC} {totai dissolved con-
centrations, in pg/l) for Cu. The latter was
caleulated on the basis of the estimated
dissolved free Cu concentration. The ratio
of dissolved free Cu to dissolved total Cu is
assumed to be 10-2 for the EV and 105 for
the chemical data.
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concentration, in pa/l). Hg concentrations are given as the sum of dissolved and particulate Hg.

waters are lower than the proposed quality
criteria. For Cd, Cu and Zn, the quality
criteria are currentdy exceeded in small
streams receiving significant wastewater

inputs. For organotin compounds too, .

the proposed qualiry criteria are exceeded
in some streams. For Zn and Cu, the
main sources are presumably diffuse
(pipes, etc.). Darta from wastewarer ireat-
ment plant outlets also show thar in most
cases very high concentrations do not
occur {1].

In view of the variety of possible sources,
no single approach can be recommended
when quality criteria are exceeded. If con-

centrations are very much in excess, the
poines of emission in the cawchment
basin should first be identified, and inpurs
should be reduced if possible. If diffuse
sources prevail, reductions are probably
possible only in the long term. In cases of
point source pollution, appropriate mea-
sures should be taken ar the source. We
believe thar the problen: of excessive con-
centrations should not be addressed ar the
level of the wastewater treatment plant.
To establish quality criteria, we estimas-
ed the environmeneal risk posed by metals.
Our conclusions are based on scienrific
findings, but include some assumptions.

0T 1975
b/l
0

Froposed QT
ng/!

Element

: Z
{H=vi

Hg inorg 1 0.01
Hgorg - - {org+inarg)
Sel '

Snorg -

(TBT+TPT)

Table 3

Comparison of currenat and proposed qual-
ity criteria (QC) {total dissolved concentra-
tion, ugfih

TBT: tributyitin; TPT: triphenyltin

Consequently, these quality criteria should
not be viewed as a guarantee against long-
term environmental effects of moderarte
meral concentrations. The regulatory cri-
teriz will need to be reviewed and revised
periodically. -

Finally, we would like to suggest that
a long-term solution of environmental
problems may require prevearion — nor
merely restricting emissions of poilutants,
Thus, frde or no increase in mesal con-
cenerations in poliuted waters should be
suived for, even if they already lie below
the water qualicy crireria.

{1] Behn, R, Genoni, G.2 and Sigg, L.: Wissenschaftliche Grundlagen filr die Festlegung der Qualirdesziele
fiir Mesalle und Meralloide in Fliessgewissern, Gas, Whasser, Abwasses {1993} (in press).

{2] Behra, R., Genond, G.P. and Sigg, 1.: Revision of the Swiss ordinance for wastewater discharge: scientific
basis for water gualicy criteria for merals and metalloids in nenning waters. EAWAG Publicadion Series No

6 (1994).

[3] Gichrer, R Untersuchungen diber die Beeinflussung der planktischen Photosynthese dusch anorganische
Merallsalze im eurrophen Alpnacherses und der mesotrephen Horwer Buchr. Schw. Z. Hydrol. 38,

97-119 (1976).

[4] Sigg, L.: Schwermetalle in Flisssgewissern. EAWAG news 32, 32-35 (1991},
(5] Frauszo da Silva, LR, and Williams, R.J.B: The biological chemistry of the elements, Clarendon Press,

Oxford, 1991.

[6] Gichter, R.: MELIMEX, an experimensal heavy metal pollution stdy: Goals, experimental design and
major findings. Sehw, Z, Hydrol. 41, 169176 (1979}.
{7} Xue, ¥. and Sigg, L.: Free cupric ion concenmaton and Cu{lf} speciation in a eurrophic lake. Limnol.

Qceanogr. 38, 1200-1213 (1993},

(8] Qesireich, A.: Freie Kupferionen in Schweizer Fliessgewiissern. M.S, Thesis, EAWAG (1993).
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Jan Roelof van der Meer

Potential and Limitations to the Use of
Microbiological Methods for the Treatment
of Environmental Pollution

Degradation of Environmental
Pollutants by Microorganisms

Microorganisms such as bacteria and fungi
play 2 major role in the Earth’s ecosystems
in balancing the global cycles of the bio-
elements carbon, nitrogen, phosphorous
and sulfur. Different oxidation and reduc-
tion reactions transforming these elemenss
from one oxidation state to another (¢. g.,

armmonium to nitrare or nitrate to dinicro-

gen), are carried out by bacteria. Microor-
ganisms are responsible for the wansfor-
mation of the largest fraction of organic
compounds to carbon dioxide in the car-
bon cycle. These oxidative processes, called
mineralization, help to maintain the deli-
cate balance berween the formation of
complex organic molecules from carbon
dioxide by plants and heterotrophic organ

isms and their degradation.

A large variety of different mineraliza-
tion reactions has evolved in microorgan-
isms. Degradation of organic marerial,
however, is not always & process which is
beneficial for man, plant or animal life.
For example, pathogenic microorganisms
invade and degrade cell dssues of living
organisms, and there are othef microor-
ganisms which can cause spoilage of food
by using the food organic molecules for
their growth. Seen as a whole, however,
microbial degradadon reactions are im-
portant for sustaining life. Reactions car-
ried out by microorganisms already have a
large number of applicadons in biotechno-
logical processes, Fermentations of raw
plant and animal producss are large scale
processes cusrenty used in the food indus-
try, and microbially catalyzed reactions are
involved in the production of specialized
chemicals and pharmaceuticals. An impor-
tant application that should not be over-
looked is the use of microorganisms for the
degradarion of domestic sewage. This pro-
cess, occlrring in wastewater treatrnent
plants, is now a common rtechnology.
Curtently, there is an urgent reguirement
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to find out whether microbial degradation
reactions can be used in specialized waste
management processes o treat toxic envi-
ronmental pollutanss, This arricle will dis-
cuss the potential and limirations for the
use of microorganisms in the degradation
of chemicals of environmental concern.

Pollutants of Environmental
Congern

Contamination of our environment has
reached such a scale that pollutants have
spread to practically all environmental
compartments {water, soil, ground warer
and air} and 1o living organisms them-
selves. The enormous variery of polluring
compounds, as well as the large differences
in their concentration and distribution
berween environmental comparuments,
has major consequences for the potental
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applicadon of microbial degradation pro-
cesses. The amount of a particular pollut-
ant introduced into the environment is
dependent on its source, and pollured sites
can be found with large differénces in
concentrations of toxic chemicals. For ex-
ample, industrial wastes and wastewarers,
spills or leaks may cause very high local
concentrations of toxic compounds, On
the other hand, the use of chemicals in
households will resuls in low concentra-
tions of these compounds in wastewarer
weatment plants. Once polluting com-
pounds have entered the environment,
they will be distributed among the differ-
ent compartments, depending on their
physico-chemical characteristics and sorp-
tion, diffusion or dispersion processes. Asa
resulr, almose everywhere in the environ-
ment, very low chronic concentrations
(less than 1 pg per liter} of pollurants can
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Overview of enzymatic steps in the aerobic degradation of aromatic compounds by

bacteria [2].

The different metabolic pathways lead to a central metabolite, shown in grey shading. The
arrows on the molecules show the sites where enzymatic attack takes place. Combina-
tions of enzymatic reactions leading from one compound to another are indicated by
dotted arrows between the molecules. Black arrows: dioxygenase-type enzymes; white
arrows: mongoxygenase-type enzymes; striped: others,
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be detecred. Such low concentradons
may be insufficient to support microbial
growth or degradarion metabolism. On
the other hand, very high concentrarions
may lead to roxic effects. We will see below
what the implications of this concenta-
tion effect may be for microbial degrada-
tion.

A large palette of enzymatic reactions is
available over a wide range of different
microbial species for che transformation of
environmental pellutants. Organic com-
pounds are used as food by the microbial
cell, and the carbon, nitregen, phospho-
rous and sulfiur atoms find their way into
cellular metabolism. Substituted groups
on organic molecules, like chlorines or
fluorines, however, are not used by the
microorganisms and are released from the
cell. Not all organic compounds are de-
graded at the same rates by microorgan-
isms, Some molecules, such as halogenated
organic compounds, are rather resistant to

enzymaric attack. For example, only a few

microbial species are able to degrade orga-
nohalogens compared to the number of
species that can use nonhalogenated com-
pounds. Furthermore, the degradation of
these compounds becomes increasingly
more difficuir when more halogen substit-
UENts are present.

One impormant class of environmensal

pollusants are inorganic compounds such
as the heavy merals. Chronic and acure
toxic effects of heavy merals take place at
relatively low concentrations. Many mi-
croorganisms have developed resistance
mechanisms against heavy merals which
enable them 1o transform toxic meral ions
ta less toxic elementary forms, or to active-
ly pump the metal jons out of the cell. At

present, it is not clear whether these or

other types of microbial reactions can be
applied to detoxify or to remove heavy
merals from liquid waste streams; there-
fore, this article will focus primarily on the
biodegradation of organic contaminants.

Microbial Degradation Pathways

For successful application of microbial
reactions in environmental and industrial
Waste management, it is necessary to know
in derail which pollutants can be degraded
by microorganisms and how the degrada-
tion pathways proceed. The wvariery of
degradarien processes carried out by mi-
croorganisms appears to be enormous. Of
‘major interest, of course, are those path-
ways which lead ro complete detoxifica-
tion of a contaminant. In general, these are
the oxidative pathways of aerobic bacreria
which use the organic compound as a

carbon and energy source, An overview of -

the enzymatic reactions which have been
found in different aerobic bacteria for
the degradarion of aromatic pollutants is
shown in Fig. 1. The enzymes catalyzing
the most essential steps in these degrada-
tion pathways are the dioxygenases and
monooxygenases. Research has shown that
the various di- and monooxygenases of
different bacterial species are biochemical-
ly and genetically related suggesting that
these enzymes became distributed during
evolution among a variety of microorgan-
isms and were selected to their present
day diversity. Specific degradadon path-
ways for transformation of aliphatic com-
pounds under’ aerobic conditions have
similarly been found in bacteria,
Although those metabolic reactions in
bacteria thatr use oxygen often lead 1o a
complete brezkdown of aromatic and ali-
phadc pollutanes, they appear to be less
suitable for the degradation of highly
chlorinated compounds. Recently, howev-
er, it was found that bacteria which live
under conditions without exygen {anaero-
bic bacteria) can catalyze reactions to re-
move chlorine substituents in 2 step-wise
process, In laboratory experiments, re-
searchers could demonstrate that dechlori-
nation of tetrachloroethylene ro ethane, or
of hexachiorobenzene to monochloroben-
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zene was possible by using mixed bacrerial
populations living in the absence of oxy-
gen. These less chlorinated compounds
can then be further degraded by aerobic
microorganisms, Researchers in different
Jaboratories are now working on coupling
such anaerobic and aerobic processes, to

"achieve a complete degradasion of com-

pounds such as polychiorinated biphenyls
(Fig. 2).

Owing to the results of génetic experi-
ments, we now know much more about
the hereditary marerial of microorganisms
that encodes the necessary information to
degrade toxic compounds. The relatedness
of the different enzymes carrying out the
rransformation reactions has clearly been
demonstrated, and it has been found thar
evolution of novel metabolic pathways in
bacteria is a still on-going process. Bacteria
appear to have a variety of genetic mecha-
nisms which enable them to adapt rapidiy
to, for example, novel food sources, by
creating numerous changes in their generic
background that can then be selected for
when circumseances are favorable. [t is also
now possible to develop in the laboratory
specific microbial strains with combina-
tions of degradation characreristics that are
rarely found under natural conditions.

Environmental Factors
influencing Microbial Activity

Poiluting compounds are rarely degraded
at optirral rates (Le., those possibie under
idealized laboratory conditions) under en-
vironmental conditions, even when suit-
able microorganisms are present. The rea-
son for this is that the merabolic activity of
microorganisms is determined to a large
extent by environmental factors, like rem-
perature, pH or salt concentration. There-
fore, it is of ucmost importance to opti-
mize the conditiens for the microorgan-
isms when they are being applied in 2

- bictechnological clean-up process. Clearly,

Designed strategies for the degradation of polychlorinated biphe-

) A: A two-step process, first using the activity of anaerobic
microorganisms to dechiorinate chiorine atoms from the mole-
N cule, followed by an aerobic phase to degrade the non-chicrinated
molecule completely.

B: A cne-step process which makes use of specially constructed
micraorganisms in which different metaholic pathways have heen
combined. Degradation seems limited in this case to theless
chlorinated biphenyls.
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suck an optimization will always be easier
in closed systems like bioreactors than in
soil or ground water.

Arguably, the most variable factor is
temperature. In general, it appears that the
lower the temperature, the lower is the
merabolic activicy. Furthermore, most bae-
terial species have a relatively small rem-
perature range within which they will be
optimally metabolic acdive. This rempera-
ture range can differ from one microorgan-
ism to another; for example, some micro-
organisms grow optimally ar 10°C — others
ar 100°C. Therefore, it is very important
to isolate the microorganisms ar the tem-
perature at which they will be applied ina
larer stage (Fig. 3). Nevertheless, in north-
ern Europe groundwater temperature is
approximately 10°C and degradarion will
proceed only slowly.

Microbial acrivity and growth under
environmental conditens is further deter-
mined by a number of other biological and
physiological facrors. Predation by proto-
zoa, for instance, leads to a reduced num-
ber of microorganisms in a natural popula-
tion, which may significanely impacr the
abserved degradation rate. The physiology
of microorganisms is also dependent on
the concentration of the food source and
other nutrient molecules. When the con-
centration of the food molecules (in this
case an environmental pollutans) is high, it
will stimulate microbial growth, and sub-
sequently the concentration of the com-
pound diminishes. Seme environmeneal
pollutants, however, may be toxic to bacte-

rial cells at high concentrations even if they
are, in principle, degradable. When the
concentrations of the compounds are very

low, difficulties i uptake or inefficient use

by the bacteria may result. Many polut-
ants in the environment are present ar such
low concentrations {<1 pg/L) thas further
microbial degradation does not proceed
efficiently. Furthermore, at these low
coricenerations the “polluring” compound
forms parr of a mixrure of food sources for
the microorganisms in which other more
easily degradable organic molecules like
sugars, amino acids or fatcy acids are
present. How such mixrures of easily de-
gradable food sources and environmenral
pollurasits influence the degradation of the
pollutant by microorganisms, is one of the
present central research topics in the De-
parzment of Microbiology at EAWAG.

In most environments, microorganisms
live in the presence of surface materials
such as sand or clay particles. Microbial
cells will in many cases arrach to these
surfaces, resulting in various physiological
effects such as different substrate uprake,
or biological effects, for instance, a phys-
ical protection against predation. It is
thought that for uptake of most molecules,
microorganisms rely on diffusion from the
water phase to the microbial cell rather
than direce uptake of molecules from a
surface. For highly soluble compounds,
artached microosganisms may face a di-
minishing flow of food molecules diffus-
ing into the cell. For strongly adsorbing
compounds, the desorption rates from the
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Effects of temperature on the activity of microorganisms in the degradation of toluene and
xylene. The figure shows the dramatic decrease in the performance of a Rhodococcus
bacterium that has an optimal activity at 20°C when applied at 10°C in a soil column. In
contrast, bacteria specifically isolated at 10°C still have good activity at that temperature,

{Fig. taken from reference {1},
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solid suzface to the warter phase may be-
come the limitng factor for the rate of
biodegradation.

The contnuously changing conditions
in natural environments causes a seress on
the microorganisms, to which they re-
spond with changes in their merabolic
actvity. Rainfall, for instance, may lead 1o
a release of many nutrients in the soil and
an increase in water capacity, causing
microorganisms to become acrive. Other
stresses for microorganisms are droughr,
rapid temperature changes, toxic com-
pounds or pH changes, How these stresses
affect microbial physiology is another cur-
rent research topic in the Microbiology
Department. A derailed knowledge of
stress effects and stress resistance in micro-
organisms seems a prerequisite for both
their activity in the natural environmental
and their application in large-scale bio-
technical systems.

Use of Microbial Degradation
Processes for Environmental and
Industrial Waste Management

Several techniques to apply microbial reac-
tions for degradation purposes are present-
ly available. Wastewater weatment plants
to degrade domestic and industrial sewage
have been successfully operated for a num-
ber of decades. In these systems, mixed
microbial populations rather than individ-
ual microbial species, take care of the
reatment process. Systerns have been de-
veloped which operate under aerobic or
under anzerobic conditons, depending on
the nature of the organic waste to be
degraded, the dimensions of the system or
other special requirements. The microor-
ganisms in these mearment plants or reac-
tors may be in a free-living state or may be
adsorbed 1o specific carrier materials, such
as sand particles or polyurethane foam. In
many cases, the free-living microorgan-
isms build themselves into flock-like mate-
rial or grains consisting of millions of
microbial cells which often exhibir excel-
lene sertling characreristics. Research on
improving treatment rechrologies for do-
mestic sewage is no longer focused on the
degradation of organic compounds, bur
on the removal of nitrogen and phospho-
rous. For industrial and roxic wastewaters,
however, a greater effort is needed to
accornplish degradazion of polluting com-~
pounds. One important strategy will be to.
trear waste streams separately rather than
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mixing all wastes together. This will make
it possible to use specialized microorgan-
isms that can detoxify and degrade single
pollurants in a mixrure of different pollue-
ing compounds.

In environmental waste management,

microbiological trearment technologies are -

available, although they are currently
being applied in relatively few cases. For
example, only 1% of the total amount of
polluted soils and sediments which is
yearly treated in The Netherlands is being
performed by biological processes. The
other part is cleaned up by physico-chemi-
cal processes (flotation, extraction, or heat-
ing); however, still by far the largest part is
not teated at all, buc rather stored ar
dump sites. It is elear chat che characreris-
tics of the soil and groundwarer environ-
ment, pose the greatest limitations o bio-
logical trearment technologies. In highly
polluted sites where there is a serious
public health risk, the polluting marterial
will most often be removed. Poliuted soil
can be excavated and replaced by clean
soil, pollured ground water can be re-
moved from the subsurface by pumping,
Possible biological treatment technologies
for polluted soil include land-farming,
composting or incubating in solid-phase
bioreactors. Most of these processes, how-
ever, require considerable amounts of time
for degradation of the pollurants to reach
the desired concentratons {Fig. 4). Land-
farming, for example, has been used suc-
cessfully in the treatment of oil-polluted
soils, although reatment periods range
from half a year to several years. Biological
activity can be opdmized to a cernain
extent, such as by flowing air through the
polluted material, by enhancing mixing or
by increasing the temperature to the meso-
philic range.

Conraminated groundwater can be
wreated biologically in a similar manser to
wastewater, once- it has been pumped up
from underground. However, very often
desorprion of pollutants from the soil to
the ground water occurs when cleaner
water reaches the sites causing fong-term
pollution. Ground waser treatment tech-
nologies, therefore, often involve a cycling
system where ground water is pumped up,
created on-site, and after weatment rein-
woduced into the subsurface. This cycle is
operated for so long as it akes to reduce
the concenrration of the pollutants in the
ground warer to acceptable levels. Biologi-
cal processes are momentarily being ap-

plied in such cycling systems 1o treat
polluted groundwarer, e.g., with roluene
and xylenes. Furthermore, the reactor ef-
fluenr can be further oxygenated or replen-
ished with nutrients prior to reinjection
into the ground, to obtain stimulation of
microbial degradation processes in the
underground.

Biological treatment processes will rake
place spontaneously in narural systems;
however, these processes cccur very slowly.
Very often the conditions for efficient
biodegradation in the environment are far

from optimal. Mixing techniques to im-

prove the bioavailability of the pollutant,
solubilization methods to overcome slow
desorption rates, or addition of nutrients
or oxygen can increase biological activizy.

Future Prospects

Biological methods for cleaning up organ-
ic wastes in the environment or in industry
have already shown their merits, and will
form an essential part of future waste
management strategies based on sustain-
abilicy. Application of biotreatment meth-
ods in various polluted environments,
such as soils, ground warter, or river sedi-
ments, is possible in principle. Various
techniques can be chosen, differing from
intensive biological metheds to extensive
in-situ stimulatory measures. However,
there are major obstacles for large-scale use
of these methods at the moment, includ-

ing the peor cost-benefir caleulations for

biotreatment methods and the low residu-

100

percentage poliutant remaining
[44]
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al levels currently required for remedia-
tion. [nherent in bioremediation processes
are the fast initial degradarion rates, and
then increasingly slower ones (Fig. 4). For
example, in landfarming experiments with
oil pollution, it was shown that it rook half
a year to degrade the first 50% of contam-
inants, and two additional years to remove
the last 10%. However, in this case, ir’
became clear thar the ligheer oil compo-
nents were degraded complerely, and chat
the polycyclic aromatic compounds were
the ones that made up the last 10% which
were more slowly degraded. Therefore, itis
very important to evaliare measurements
of biodegradation criticaily, which in soil
may be rather difficult. _

It is becoming increasingly more evi-
dent that the efforts and costs which will
have to be made ro clean-up all of the sites
with severe soil- and ground water poilu-
tion are too high for most economies. The
guestion will, therefore, arise as to which
sites are going to be remediared and which
sites are not. And for those which are, the
next question will be if we are going to be
restored to some natural background level,
or will a treatmenc be applied which is
cost-effective and technologically feasible.
This will probably mean thar in a large
number of cases, narural biological pro-
cesses will have to occur, even if this will
take 2 long dme. Precautions can be wken
to prevent further spread of a particular
contaminant, and exrensive stmulation of
biological activity on the site may be
undertaken.

safety level for remediation

time (years) 1
Fig. 4 ' '

- ] -
2 3

Typicat time course of the pollutant concentratian in a biodegradative process.

Aithough 30% of a poliutant may be removed in the process within a short period of time,
it may take considerably longer to reach a concentration which is below the safety levels

set for remediation.
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A more acrive waste management strate-
gy can be followed to prevent further
introduction of polluting compounds into
our environment. Here, biological meth-
ods may be applied to reduce che amounts
of toxic waste marerial before entering our
waters, soils or ground water. A very useful
integration would be to incorporate spe-
cific biorechnological treatment processes
with individual chemical waste streams in
industry. Such a direct coupling could
prevent foxic waste streams from be-
coming mixed, which usually complicares
treatment. Furthermore, the biological
processes can be optimally designed and
microorganisms specifically developed or
selecred for the individual waste stream

characteristics. Already a number of com-
panies exist in the USA which are develop-
ing “biocatalysts” (i. e., the microorgan-
isms and the process technology) for use in
industry to degrade common toxic chemi-
cals like phenoals, chlorinated benzenes and

anilines. Knowledge on biologically medi-
ated reactions will also make it possible to
develop novel, perhaps less wasteful, in-
dustrial syntheses, which is essendal for
future environmental and industrial waste
management strategies.
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Walter Giger, Alfredo C. Alder, Pilar Fernandez, and Eva Molnar

Laundry Detergents and Cleaning Agents:
from Reactive to Preventive
Environmental Protection

Introduction

The use of laundry detergents and clean-
ing agents has become an almost essential
feature of modern civilization. Detergents
with highly complex and variable compo-
sions are used in huge quanatites for
fabric washing. Similar chemical products
are employed for cleaning solid surfaces
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Fig. 1

Annual consumption of detergents in Swit-
zerland (accarding to figures supplied by
the Verband der Schweizerischen Seifen-
und Waschmittelindustrie [Swiss Associa-
tion of the Soap and Detergent Industryl
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{dishwashing, cleaning of buildings, ete.)
and for body care. Along with narural
substances such as soap, technically manu-
factured surfactants are used on a major
scale. Since detergents are usually mixed
with water, these chemicals are generally
discharged together with the waste warer.
it is vitally important, therefore, o evalu-
ate the behaviour of these substances both
in the narrower sense of the waste water
treatment itself and in the broader sense of
their environmenral behaviour. Fig. 1 plats
the course of annual detergent consump-
tion over the last 30 years. The annual per
capita consumption has risen steadily since
1940 from approximately 10 kg to abour
25 kg. A new wend has been discernible
since 1989-90, with a slight drop in
overall consumption. This decline is due,
at feast in part, 1o recentdy developed
compact detergents. In 1921, consump-
ton in Swizerland was just above the
European average, ranked sixth in 2 list
topped by Spain, which consumed most
(35 kg/head) detergencs, with the thrifty
Swedes (12 kg/head) bringing up the rear.

Four Generations of Detergent-
related Environmental Problems

The derergent-related  environmental
problems, together with associated evalua-
tion concepts and environmental protec-
tion measures, can be subdivided into four
generations, as listed by keywords in Table
1. Generation or phase one is characterized
by foam build-up in waste water and
narural warer bodies, a phenomenon pro-
duced by poorly biodegradable surfacrants
based on the mulriple-branched alkylben-
zenesulfonare {ABS). The extent of such
environmental effects was ar its worst in
the 1960s, and the foam problem was
subsequently resolved as a result of volun-
tary substitutions made by detergent man-
ufacrurers and legisladon governing the
biodegradability of syntheric surfactancs.
The highly branched ABS was eventually
replaced by linear alkylbenzenesulfonate
(LAS) which continues o play a crucial
role as an anidnic surfactane. In the second
generation, the triphosphate component
of derergenss is responsible for excessive
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fertilization {eutrophication) in narural
waters, Here, too, voluntary and legal
measures were implemented; in Swiczer-
land, these included a phosphate ban
which was introduced in 1986 through the
Stoffverordnung (Ordinance on Substanc-
es). A wide variety of solutions have been
adopted in Europe and across the world to
deal with these problems. The analytical
monitoring of substitute substances in the
environment played an important role
in the control of these two generations.
In particular, the phosphate substitute
nitrilowiacetic acid (NTA) has been ex-
tensively investigated [1]. Recent studies
have shown that another organic chelaring

agenr, erhylenediaminetetraacetic acid .

(EDTA), is much less environmentally
acceprable, and this substance is no longer
used in detergents or cleaning agents.
Unfortunately, environmental protection
agencies often appear to be unaware of this
face.

In the third phase, toxic intermediate
degradarion products of surfacrants were
discovered in treated waste water and
in digested sludge [2]. Other derergent
chemicals have also been found o accu-
smulate in digested sludge. Moreover, since
LAS is poorly biodegradable under anaero-
bic conditions, high concentrations of this
substance have been measured in digested
sludge (approximately 1-10 g per kg of dry
sludge).

Phase four covers the current situation
.and involves not only the evaluation of
individual components but also consider-

Products

Raw materials

Monitoring

Raw
materials

W

Chemodynamics

Manufacturing

Uy

Disposal

-+ Detergent-related
environmental problems

GENERATION |

Poorly biodegradabie surfactants
> foEM buiid-up

GENERATION I
Phosphate «——s= autrophication
of najural waters

GENERATION 1
» Persistent metaboiiles
« Enrichment in sewage sludge
{nonylphenoi, LAS)
* Phosphate substitutes (NTA, citrate,
polycarhoxylate, phosphonate)
«EDTA

GENERATION 1V
* Preventive measures:
* optimum consfituents
* -CONSCICUS use
+ gcolabel
* life cycle assessment

Reduction

Ban
- Substitutes  Modular system

Table 1
The four generations of detergent-related
environmental problems )

Fig.2,3and 4

Players, methods and measures characterizing and influencing detergent-related environ-

mental problems.
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ation of the overall picture. Ecological
assessments, frequently referred to in En-
glish reports as “life cycle assessment”, are
now the order of the day. Fabric washing is
performed by combining basic derergents
with softeners and bleaching agents {com-
ponent or modular system), the aim being
to use only those chemicals thart are really
essential. Bleaching agents should not be
employed unless actually needed. The use
of water-sofening automaric washing ma-
chines should be encouraged, though licdle
success has been reported in this area to
dare.

The four above-mentioned phases differ
in cerrain basic respects. In phases I and 11,
for example, measures were introduced to
react to effects observed in the environ-
ment. In generasion 11, on the other hand,
analytical measurements of residual con-
centrations in the environment formed the
basis for subsequent measures and propos-
als. The current fourth generation, for its
pars, is characterized by the artempr to
counter detergent-related environmental
problems by preventive actions.

Current Situation: Players,
Methods and Measures

In today’s world, operations concerned
with environmental chemicals involve the
interplay of various individuals and insti-
tutions (here termed “players”) that em-
ploy cersain methods and eventually pro-
pose or implement specific measures (Fig.
2, 3, 4). The players (Fig. 2) include, atone
end of the spectrum, the industrial chemi-
cal producers who manufacture and sell
either raw materials or finished detergent

Ecolabel for detergents

» Modular system
- basic detergent
- softensr
— bleaching agent

= Substances
— no unauthorized ingredients
- no waier-polluting substances
- agrgbic and anaerobic biodegradability
- low toxicity
- no bioaccumulation
- no stabie degradation products

- Dosage and washing performance
» Consumer information

+ Packaging material

Table 2 :
Criteria for awarding the ecolabel for de-
tergents in Germany [Federal Ministry of
the Environment, Nature Conservation and
Nuclear Safety, 1993}
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products. At the other end, we have the

consumers who use these products, Sand--

wiched berween these two are the environ-
mental protection agencies and commer-
cial institutions. Scientific research and
development can intervene at various lev-
els. The producers, for their part, have at
their disposal sophisticared research and
development departments to investigate
the environmental aspects of products.
EMPA in St. Gall and EAWAG belong ta
the, unfortunately rather small, group of
independent research instirutes concerned
with the evaluation of the environmental
impact of detergents. Various environ-
mental protection and consumer organiza-
tions also play an important role in publi-
cizing the subject of textile detergents and
cleaning agents. Private consulting firms,
representing primarily the interests of the
major consumers of detergents, have also
recently appeared on the scene. All these
players musually influence each other in
differing degrees and combine to form an
integrated nerwork. The methods em-
ployed by these players are listed in Fig. 3.
Product assessmens, largely consisting of
an evaluarion of individual components, is
based on laboratory tests and analysis of
the environmenral behaviour of specific
chemicals. These provide darz on “expo-
sure”, i.e. the stress to the environment
caused by the relevant substances. Togeth-
er with an estimation of the possible
ecotoxicological effects a product is evalu-
ated in the conventional sense. The cur-
rent trend favours the preparation of envi-
ronmental audits, also called life cycle
assessments, encompassing raw materials,
manufacturing processes, consumpeion
and disposal. One prominent detergent
producer, for example, is currently making
great efforts to manufacrure surfactanes
based on regenerating, natural raw mate-
tials. A Swiss surfactant manufacturer
has transferred part of his production
from Swirzerland 1o the Netherlands,
thus avoiding the need to transport a high-
risk starting marerial over great distances.
EMPA in St Gall is internadonally re-
nowned for conducting such eco-zudits.
The range of possible measures (Fig. 4)
includes steps taken by producers, changes
in consumption behaviour and legislation.
The producers aim to oprimize their prod-
ucts, thus acring directly ar the source
of any possible environmental pollution.
Cermain components can be reduced, or
even dispensed with altogether, though

before summer 1991

NEAANANAANANANAN ] @
AAaaaaaaaasy | @
DTDMAC

after 1992

g
& GAANAANNAAS o
ol
ANAPLAAAAAAAAAN

DEG

DEEDMAC

Fig. 5
Structural fermulae of cationic surfactants
in fabric softeners.

‘Because of its accumulation in sewage

sludge and its toxicity to aquatic organ-
fsms, DTDMAC {ditallowdimethylammoaoni-
um chloride} was replaced in Switzerland
in the latter haif of 1991 by more highly
biodegradable substances known as ester-
quats, -Typical replacement products in-
clude DEQ (a quaternary ditallowester of
2,3-dihydroxypropyltrimethylammonium
chloride) and DEEDMAC (ditaliowdiethox-
yesterdimethylammaonium chloride).

producers should always be on the lock-
out for possible problems with any sub-
stitutes. The development of innovative
washing methods such as the above-men-
toned modular system is also particularly
imporiant.

A more recent development has been
the introduction of an ecolabel for derer-
gents. In Germany, the “Blue Angel” was
fiest awasrded for a dérergenc in 1993 [3].
The criteria for receiving the Blue Angel
are listed in Table 2. Similar requirernents
are contained in a proposal, currently
under discussion in Brussels, for an ecola-
bel in the European Union. The criteria
are comparatively strict. By deliberately
exceeding the legal requirements, the EU
is aiming to create a stimulus for more
environmentally acceptable products. Ful- .
filling the tequirement for anaerobic bio- -
degradability, in particular, is proving a
major problem for today’s principal suefac-

£axL, LAS.

»

Cationic Surfactants in Fabric
Softeners

By way of illustration, this section de-
scribes the results of investgations cur-
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Frequency distribution of DTDMAC con-
centrations in  digested sludge from
fourteen different mechanical-biological
sewage treatment plants in the canton of
Zurich. Samples were taken hefore
{Fabruary 1991) and after {November 1932}
the phasing out of DTDMAC.

rently being conducted in the Chemistry
Department of EAWAG. The rarget prod-
ucts are fabric softeners, which are used
to make texdiles feel as soft as possible.
The use of these preducts in Swimerland
has been increasing stightly in recent years
(annual consumption approx. 12,000
tonnes or 1.8 kg per head). Uniil 1991,

the principal active ingredient in fabric
softeners was the cationic surfactant DT-
DMAC. Its use was disconrinued in 1991
and so it no longer forms an ingredient in
fabric softeners. Fig. 5 shows the chemical
formulae for DTDMAC and two of the
currently used substitures, which are both
quarernary diesters with hydrolyzable ester
compounds. The objective of the EAWAG
studies was to derermine the DTDMAC
content in digested sludge samples in order
to monitor the effects of the volunrary
phasing out of this substance. We can
exploir the fact that DTDMAC accumu-
lares in digested sludge, due to its high
affinigy for surfaces and its anaerobic per-
sistence, to check for any changes in the
quangities used.

The first part of the project, the devel-
epment of a specific method for the quan-
titative analysis of DTDMAC in sludge
samples, required the use of special extrac-
tion, separation and detection techniques.
Dezails of the methods used are described
elsewhere [4]. Fig. 6 summarizes the re-
sults from 14 sewage treatment plants in
the canton of Zurich. Following a high
average of 3.5 g/kg of dry sludge measured
in February 1991, DTDMAC levels had
dropped w 0.7 g/kg by November 1992,
Cuzrent studies indicare even lower levels
for 1993, This analyrically confirmed 80%
drop in DTDMAC concentrations in di-

gested sludge is due to the replacement of
this active substance and is a clear Hlustra-
tion of the effects of the producers’ volua-
tary ban. The next phase will probably
involve investgation of the replacement
substances, in which event the analyrical
method may need to be further adapted.
To sum up, in conducting its analyd-
cal investigations in the environment,
EAWAG has a viral control function.

{11 Giger, W., Schaffner C., Kag, EG., Ponugz, H.,
Reichesr, P, and Wanrer O. (1991). Aufireten
und Verhalten von NTA and EDTA in schweiz-
erischen Fliissen, Mireilungen der EAWAG 32D,
27-31.

Présence e: comportement du NTA er de
FEDTA dans les rivitres suisses. Nouwvelles dr
PEAWAG 32F, 27-31.

(2] Giger'W. {1989}. Organische Verunreinigungen
im Klirschlamm: Herkunft und Verhaleen in der
Umwels, Mineilungen der EAWAG 28D, 8-11.
Polluants organiques dans les boues d'épuration:
origine et comportemens dans 'envirennement,
Nouvelles de 'EAWAG 28F, 8-11,

3] Bundesminister fiir Umwelr, Naturschuzz und
Reaktorsicherheir (BMU) und Jury Umwele-
zeichen, Grundiage Rir Umwelmeichenvergabe.
Press release, Bann, 10.3.1993.

[4] Fernindez, B, Alder, A.C. and Giger, W, (1994).
Determination of cationic surfactants in sewage

sludges by supereritical extraction and HPLC.
Publication in preparation.

Roland Schertenleib

Environmental Protection in Developing
Countries: A Question of Survival

The Environmental Problems of
Developing Countries Differ from
Those of the So-Called Deveioped
North :

In the industrialized North, mostly region-
al and global environmental problems pre-
vail. They are neither very acute nor do
they pose immediare health problems thar
are directly perceived by the average citi-
zen, The entire environmental issue is,
however, perceived quite differently by the
population of the so-called developing
countries {DCs). The majority of the 4

¢

bilion people in the Third Woeld are still
directly confronted with acute and serious
problems in their immediate surround-
ings.

One such acute eavironmental prob-
lems is the fact that over a billion people
have no access to qualitatively and quantita-
tively sufficient drinking water. The water
sources are either heavily polluted or they
are situated so far away thac only a few
liters of water per day are available to the
households. (In order to maintain a suffi-
cient personal hygiene a minimum of 20—
40 liters per person per day are necessary).

‘The maln tauses of death In

industriniized deveicplng

cauntries counirles
{Tetat: approx. 11,4 misoniy}] (Tetak pperox. 385 metiony)
$ 20 0 5 10 5 20 25 30 25 40 45%

Eame o

Proghiey and bith

Infoctious and parasitic
disoases

a1,

Tumours

Circulatory dispases
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Chronic Enesses of the (espiratery tratt

Othar dspases
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Fig. 1
The main causes of death in developing
and in industrialized countries {3}
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As regards to disposal of human excreta,
the situation is even more precarious as
over 1.7 billion people have praciically no
access to hygienic human waste disposal
systems [1].

Addirional serious environmental prob-
lems are caused by the face chat in the cities
of the Third World usually caly a fraction
of all the municipal solid waste produced
is collecred. This leads to numerous
stnall waste dumps within the cices.
Major focal points are open sewage drains
and crossings over crecks. In additon,
even the collected waste is dumped on
such sites where its disposal requires the
least amount of efforts and expense. Dis-
posal sites which are more or less con-
trolled and environmentally compatible
are practically non-existent [2].

These directly perceived environmenzai
problems are not just of an aestherc
nature; they constiture a serious and real
health hazard for the population, partcu-
larly for the poorest who are hit the
hardest. In developing counuies, infec-
tious and parasicic diseases are by far the
main causes of death as shown in Fig. 1.
Most of these infectious diseases are direct-
Iy or indirectly associated with an insuffi-
cienr warer supply, excreta and waste dis-
posal, [n developing countries, over 8 million
people, most of them children, die every year
as a result of polluted drinking water and
inadequate hygiene. Table 1 shows. the
number of cases of illness and deaths from
a selection of infectious diseases that are
directly or indirectly associared with inad-
equate drinking water supplies and insuffi-
cienr excreta disposal. WHO estimares
that abour 80% of all diseases occurring
globally are associated wich an insufficient
water supply and inadequate excreta dis-
posal.

Under these circumstances it is hardly
surprising that bare survival is the main
priotity for most people in DCs, and thar
the concerns of the industrialized North

for ecological and/or global environmenral ©

problems are met with litde understand-
ing,

Environmental Issues Gaining
Importance in Developing
Countries

Objectively seen, environmental problems
are gaining imporrance, even in DCs, but
especially in the rapidly industrializing
countries of Asia and Latin America. The

28

Diseases Cases of iliness Deaths g
{in millions/yr.} {in 1000/yr.) %’
General cases of diarrhoea 3-5'000 4-5000 S
Typhoid fever 1 25 ' %
Ascariasis (Roundworm) 800-1000 _ 20 é
Trichuriasis {Whipworm) 500 a few %
Ancylostomiasis {Hoakworm) 79008 - B0-60 EZ
Trachoma 6-9 E
Bilharziosis 200 200 E
Dracontiasis {Guinea worm) >10 - % =
Elephantiasis 80 E §
Malaria 804 1200 % 5-2
Onchocerciasis {River biindress) 18 20-50 ﬁi "jTE_

Table 1

Examgles of infectious diseases associated with both insufficient water supply and

inadequate excreta disposal {31

water quality of various rivers is continual-
ly decreasing in DCs. (Fig. 2). This is a
direct result of the fact thar in Latin
America, for instance, less than 5% of the
wastewaters are treated before they are
released into a recelving warer.
Deterioration of surface water qualiry
not only results in environmentally dam-
aging effects, but has substandal economic
impacrs as well. The constantly increasing
pollution of surface waters, especially by
industrial wastes, is bne of the main rea-
sons why the specific costs of furure warer
supplies in many citles of the Third Woeld
will be 2~3 times greater than the present
costs (Fig. 3). The ciey of Shanghai is an
example of this trend; every few years it has

to draw its water supply from several
kilometers further upriver in order to treat
the river water at an acceprable cost. In

_other cities such as Dakar, Jakarta, Lima,

and Bangkok. overuse of ground water
resules in che infilrration of seawater with a
consequential increase in the salt content
of the ground water; heavily pollured
surface warter then must be increasingly
treated for use as drinking water [3].
Wastewarter treatment plants should be
given the sarne priority as drinking warer
production plants in cities of the Third
World. For economic reasons, however,
this is nearly impossible, especially since in
those DCs experiencing a high rate of
industrial development, a wide armay of

14
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water protection problems crop up almost
simulranecusly. In contrast, in roday’s in-
dustrialized couneries these problems oc-
cur at staggered intervals, enabling each

one 1o be dealr with separately (Fig. 4).

Causes of Global Environmental
Issues Mainly in the Industrial-
ized North .

Both the acute environmental problems of
‘direct health consequences as well as those
of a more general environmental nature
can be most clearly illustrated by citing
exampies of large merropolitan agglomera-
tions in DCs. This is undoubtedly one of
the negative consequences of population
growth and, above all, of the extremely
. rapid urbanization. By the year 2025,
almost half of the world’s population {i.e.,
about 4 billion people) will be living in
metropolitan agglomerations in DCs. Sev-
enteen of these agglomerations will have
populations of over 10 million individuals,
and in Asia alone, mote than 52 cities will
toral over 4 million inhabitants each {6; 7.
It should be emphasized that in spite of
the rapid increase in world population and
the dramatic urbanizaton of the Third
World, the causes of global environmenral
problems today and in the near future are
largely to be found in the induserialized
Norch, The question is not how many
people live in a certain area, but how they
live. When energy and resource consump-
tion of industralized counties is com-
pared with that of developing countries, it
becomes apparent that from an ecological
point of view {(consumption of raw materi-
al and energy}, the annual increase in birth
rate of abour 0.3% in the industrialized
North is zbour two to three times more
serious than the increase in population of
abour 1.7% in the developing countries

(Fig. 5) [8].

Conclusions

While the acute enviropmental problems
of the developing countxies are largely a
consequence of poverty and lack of eco-
nomic development, the environmental
issues in the North are primarily linked ro
an economic “over-development” or “mis-
development”.

In the South, the poorest suffer most
from the deteriorating environmental con-
ditions. Moreover, due to economic rea-
sons, environmental protection measures
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Fig. 3
Supplying water to urban areas: current
eost and projected future cost [4]

are given iow priority in DCs. Immediate
survival continues to be the main problem
which is directly associated with the rapid
increase in population, Seen in an histori-
cal context, a decrease in population has
always been a consequence of economic
development and not vice versa. The stan-
dard of living, therefore, has a direct
influence on population growth.

In conrrast with the South, the industri-
alized North is characterized by its heavy
wastage of resources. Seen in a global
contexr, it may be concluded thar the
consumption of resousces in industrialized
countries acrually jeopardizes the ecologi-
cal capaciry of the earth and, consequently,
alse that of the DCs. In contrast to most
developing countries, the industrial na-
tions have already used up their “environ-
menral credit”, as they have consumed
much more than the average share of
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Fig. 4

Evolution of water pollution problems in
countries according to development pace
and status [5]

environmental resources in proportion to
their population and surface area.

Curbing the consumption of resonrees in
industrialized countries is fust as imperative
as slowing populavion growth in the poorer
countries of the South.

EAWAG's Contribution
As federal research institure, the EAWAG

is primarily concerned with environmen-
tal problems of the North and particularly
with those of Switzerland. At the same
time, a small research group within the
EAWAG (“Water and Sanitation in Devel-
oping Counries”) is also working on spe-
cific problems of warer supply, wastewater
management and waste disposal in DCs.
Its activities focus on derermining the
most appropriate and sustainable measures
and rtechnologies for various economic,
socioculrural and physicat conditions.

In the past decades, in spite of interna-
tonal efforts in the water sector, it was not
possible to significantly increase the supply
of clean water in economically less devel-
oped regions. Consequently, at the begin-
ning of the 1990s, new stategies and
priorities were formulated for develop-
ment cooperation programs in which the
EAWAG also participated. Based on the
mortzo “some for all rather than more for
some”, priority is currenty given 1o the
continuous availability of sufficienr clean
water for all, Community water and sani-
ration measures are being planned for the
remotest possible areas. The most impar-
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rant guidelines for the realization of these

goals are [9]: .

* Procection of health and the environ-
mene through the integrated manage-
ment of warter resources and solid and

- liquid waste.

* Instirurional reforms to promote an
integral strategy, including changes in
procedures, habits and bebavior, as well
as women’s pasticipation at all levels of
chis sector.

* Operation of installations by local com-
munity groups and promotion of mea-
sures to strengthen local institutions in
the planning and implementation of
sustainable water and saniration pro-
grams.

+ Improved use and management of exist-
ing installations and plants through ap-

plication of certain management prin-
ciples and through consequent applica-
tion of appropriate technologies.

* Administracion of the resources warter
and soil at the lowest possible institu-
tional level.

Geneva, 1992

» Treatment of warer (with all of its
difference uses) as an economic com-

modity.

[1] WHO: “The International Drinking Water Supply and Sznitation Decade; End of Decade Review”,

2] Schertenleib, R. and Meyer, Wi: “Municipal Solid Waste Management in Developing Counrries: Problems
and Issues; Need for Future Research”, IRCWD News No. 26, 1992

(3] WHO: "Our Planet, our Health”, Geneva, 1992

{4] The Worid Bank: World Development Report 1992, Oxford University Press, 1992
[5] Scherrenleib, R.: “Flitsse als Objekee vielfiltiger Nuzung in Encwicklungstindern”, EAWAG News 32D,

1991

[6] UNCHS/Habitar: “Urbanization znd Susminable Development in ¢he Third World; An Unrecognized

Issue”, Nairpbi, 1989

[7] UN/ESCAP: “State of the Environmenr in Asia and the Pacific 19907, Bangkok, 1992
[8] Sachs, Ignacy: “Transition Strategies for the 21sc Century”, Narure and Resources, Vol, 28, No. 1, 1992
[9] DXEH Fachdienst Wasser: Sektorpolitik Wasserversorgung und Siediunpshygiene. Bern, 1953

Ueli Bundi

Nitrogen Balance in Switzerland

Guidelines for Environmental Management

Nitrogen is an issue that calls for networking strategies involving a variety
of natural processes and human activities. The largest sources of nitro-
gen-related environmental problems are agricuiture and combustion {in-
cluding motor traffic). Urgent action needs to be taken in agriculture since
it affects numerous other areas of the environment, the economy, social
matters and politics. A general reorientation of agriculture Is needed.

Problems and Challenges

Nierogen plays a key role in the environ-
ment. Occurring in various forms, it is
both an essential nutrient and 2 pollurant.
Its turnover and concenwrations in the
environment are greatly increased by hu-
man activicy which lead to a number of
problems (described in detail in [1] and
[3]) in the water, soil and air.

The causes and manifestations of most
nitrogen-related problems are closely in-
tertwined. That is why both lecal and
regional approaches are npeeded, though
these should be developed in 2z narional
and, where necessary, internarional frame-
work according to a set of joindly formular-
ed principles. Swizzerland, however, must
not address nizrogen problems oniy ar

30

home. As = signarory to various interna-
tional conventions, it must substantially
reduce its exportation of nitrogen via the
Rhine in an effort to protect the North
Sea.

The various problems stemming from
nitrogen have common causes in agrictl-
ture, mobility and water wse. They are
closely interfinked through complex naru-
ral and anthropogenic processes. Remedial
measures are essential in all of these areas.
In order to optimize the impact and pre-
vent counterproductive effects, the steps
taken in agriculture, combustion process-
es, motor raffic and wastewarer treatment
must be carefully harmonized. A number of
other environmental issues affected by
nitrogen management must also be taken
into account,

Nitrogen Balance in Switzerland,
1990

Fig. 1 depicts the nitrogen balance in.
Swirzerland [1]. It shows the main flows
connecting the arztbxzapa.gpljere (popula-
tion, households, wade and industuy,
transport and setlemenc), ammospheré, pe-
dasphere (agriculture and alpine pastures,
forest, unproductive land, farm animals)
and hydrosphere (surface water and ground

“water). The figure does not distinguish

between the different chemical forms of
nitrogen.

The major sources of nitrogen pollution
in the environment are fertilizer and food-
stuff imporss to Swirzetland (2 roral of
95'000 metsic tons of nitrogen annually),
agricultural soil management methads, mo-
vorized traffic and domestic water use. All
of these sources results in large nitrogen
emissions 1o the soil, warter and air, In this
way, complex natural processes are sét in
motion which dramartically increase the

nitrogen flux berween the various environ-

menaral comparements.
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Fig. 1

Nitrogen balance in Switzerland, 1990, Data in 1000 t nitrogen per annum of the major saurces of nitrogen. There are minor differences
betwean the different spheres due to uncertainty about the data.

Mineral fertilizer impaorss, for instance,
permit Aigher agricultural productivity, by
producing more feed, thereby allowing an
increase in animal densiry. The drawbacks
include increased production of manure,
higher ammoniz emissions ro the aumo-
sphere and increased leaching of nitrates
from the soil to the ground warer. Fertilizer
imports, which are responsible for produc-
tivity gains in agriculture, generally resule
in environmenral poilution with consider-
able follow-up costs.

In the Swiss carchment area, 119000
metric tons of nitrogen end up in the water.

Of this roral:

3B%
35%
8%

ariginates from agriculture

comes from wastewater

results from combustion processes

{mator vehicles, industry, heating)
% comes from various minar Sources

17% ariginatas from natural sources

Today, nitrogen input into water bodies in
Swirzerland is abour six tmes the inpur
under normal conditions, though the
quantities vary greatly from one region to
another. Every year, 104’000 mertric tons
of nitrogen are exported from Switzerland
in the warer, 817000 merric rons of which
are transported via the Rhine River.

A look at the atmosphere shows that
Swirzerland is confronted with ever in-
creasing nitrogen levels. Annual nitrogen
emissions in the air now stand ar 254’000
metric toas. OFf this amount, 135'000
metric tons are in the form of harmful
compounds. Combuszion processes con-
ibute 56’000 mersic tons of NOx-N,
while agriculture adds 47'000 metric tons
of NHM;-N and 20'000 merric tons of
N,O-N to the air. The remaining 12’000
metzic tons of NH3-N and NyO-N come
from other emission sources and narural
processes.

The Costs and Benefits of
Remedial Action

The means chosen to reduce the harm-
ful outpur of nitrogen must be selected
carefully. The strategy should take into

" account both the effects of the various

nitrogen compounds and the lateractions
berween water, soil and air. A study carried
out by the Federal Water Protection Com-
mission [1] investigated a number of dif-
ferent measures:

A wide range of plans exists for reducrion
of nitrogen oxide emissions. These include
the measures mentioned in the Federnl

Couneil’s Clean Aér Concepr [2] of 1986,
subsequent additions and additional legis-
lative action of the Cantons. Many of these
measures have already been, or will soon
be, implemented. Economic incentives,
along the lines discussed by politicians for
some time now, could bring about major
advances in reducing fuel consumption.

In the area of wastewater treatment,
various technologies already exist for re-
moving nitrogen from wastewater. Basical-
ly, they involve various aptions for bio-
logical denitrification (following nirrifi-
cation). They include retrofitting of all
Wastewarter [reatment plants serving more
than 10’000 inhabitant units with partial
or complete denitrification systems.

To reduce nitrogen emissions from agri-
cudture, sphutions may lie in agricultural
technology and 1o less intensive produc-
tion; e.g., improved stable techniques and
festilizer use, appropriate crop rotation
methods, avoidance of fallow, 2 reduction
in the number of amimals, integrated
or biological production methods, sexing
aside of agricultural acreage and the cre-
ation of ecological acreage as 2 compensa-
tory measure {cf. Fig. 3}.

Turning o nitragen emissions in the
hydrosphere, Fig. 2 illustrates the reduction

31



EAWAG News 36 &, Qctober 1594

Causes Reduction patential*) Cosbbanefit ratic Duration?) of time
{o onset of effect
in kt'NAiyr Hin % of total in Fr./kg in years
pollution of avoided nitragen
Combustion/ Trafiicd} 6 5% 80 - 4'000 515
Wastewatertreatment 25 21% 5~ 25 5~18
Agricutture) 30 25% 5- 1004 1020
Fig. 2

Swiss potential for reduction of nitrogen emissions into the hydrosphere.

P

119000 metric tons nitrogen per anbum.
2

Emissions in the Swiss hydrosphere from the national catchment area amount to

Inciuding the time needed to implement the measures and soil reaction time, These

figures are basad on the assumption that the necessary instruments are already in place

or can be put in place within 1-3 years.
3

Measures in the areas of agriculture and combustion/motor traffic reduce nitrate

leaching into ground water and have numercus other environmental benefits.

3

no impact on income.

potential for the various causes and the
cost/benefir ratios.

Wastewater Treatment as
Opposed to Agrarian Measures

The data in Fig. 2 require a cerrain degree
of interpretazion and evaluation. In parric-
ular, the totality of the environmental
effects — and not just the reductdon of
nitrogen levels in the hydrosphere — have

These costs imply that under the current product price conditions these measures have

o be taken into consideration. This is best
illustrated by medns of a comparison.

By introducing additional treatment
steps In wastewarer treatment plants at an
annual cost of some 330 million Swiss
Jranes (operating and capiral costs), the
amount of nitrogen entering flowing wa-
ters and lakes could be reduced by 207000
metric tons a year. The benefir of 2 mea-
sure of this kind, however, is limited, since
ernissions into the ground water, which

Fig. 3
Reorientation measures in agricuiture designed to deal with the nitrogen pollution
probiem.
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suffers most frem nitrogen pollution, aze
only slighdy reduced. Moreover, there is
insufficient evidence to demonstrate that
nitrogen levels in the North Sea are a
serious enough problem to warrant the
large investment needed to rapidly im-
prove nitrogen removal efficiency in waste-
water treatment plaats.

By spending some G600 million Swiss
Jranes on agriculture, nitogen emissions
into water bodies could also be reduced by
abour 20°000 memric tons per anaum.
Ground water would benefit most, while
this approach would greatly reduce nirrate
levels as well. At the same time, hdrmful
ammeonia nitrogen emissions into the air
stemming from agriculture would be re-
duced by aboutr 15000 meuic tons per
anrum (an analogous reduction in nitre-
gen oxides from combustion processes
would cost the cconomy mare than one -
biilion francs a year). Furthermore, these
measures have a beneficial effect on both
surface waters and the soil.

Changes in the urilization of soil by
agriculture are essential in order to halt the
ever worsening nitrate pollution of ground
water. A good deal of progress can be made
through the consistent implemenration of
existing legislation {e.g., water protection,
environmental protection and agriculrure
acs), The best example Is the balanced use
of fertilizer, an important advance, provid-
ed ir is properly implemented and meni-
sored.

A Reorientation in Agricuiture

A omparison in the previous section shows
that urgent steps are necessary in agriculture
in order to solve the problem of nitrogen
polluion. This issue has an impact on
other areas of the environmenr as well as
on the economy, society and policical life.
This brings us to the fercely debated
questions of the ecological and economic
reorientation of agriculeure, Fig. 3 summa-
rizes some important elements of this
reorientation stemming from an analysis
of nitrogen pollution.

If all of the measures mentioned were
implemenred, they would cost up to one
and a half billion francs a year {assuming
thar farmers suffered no loss of income).
The costs would be largely offser by che
numerous environmental benefirs and
related savings {e.g., less environmental
damage and large agricultural surpluses).
The additional expenditures and loss of
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income could be compensated in part by
direct payments, as currently discussed in
political circles. From the economic and
ecological vantage point, however, these
must be strictly linked to activities undertak-
en by farmers to protect the environment. At
the same time, measures to protect the
water, soil and air would have w be
streamlined in order to insure borh accept-
able and efficient environmenral protec-
tion in agriculture.

QOverall Strategy

A rtargeted overall strategy aims to opti-
mize the use of resouzces in solving
nitrogen-related environmental problems,
while taking into account other environ-
mental issues. Within 5-10 years, the
necessary measures will have to be raken
to cut anthropogenic nitrogen emissions
into groundwater (nitrates} and the atmo-
sphere (nitrogen oxides and ammonia) in
half, The following approaches should be
developed:

1. An ecological approach to agricul-
ture

*» economic incentives which should pro-
vide some cushion against economic

ard social hardship

* coordination of the various environ-
mensal problems on each farm

2. Development and implementation
of the clean air concept

= economic incentives to reduce the con-
-sumnption of fuels

3. Ecological, technical and economic
improvements to wastewater treat-
ment plants

¢ within the next 20 years

* economic incentives {(wastewater taxes)

The action that needs to be raken in
agriculture was explained in the previous
section. Contrary to the prevailing inter-
national opinion on the question of waste-
water treaiment plants, large investments
should not be made over a short period to
eliminate the problem of nitrogen pollu-
tion. The ecological, rechnical and eco-
nomic development of wastewarer purifi-
cation takes time and should be adapted to
the normal regeneration cycle of the plan:.
However, the reduction in nitrogen oxide
emissions, which is one of the aims of the
Federal Councils clean air concepr, re-
mains undisputed. This would not only
improve air quality bur represents a con-
siderable benefit for protection of water,
soil and narural systems.

By exploring all of the possible solutions
available under presen: social conditiens,
nitrogen emissions could be lowered by as
much as wo thirds in cerrain areas (air/
NOy, groundwater). Emissions into sur-
face waters could be cut in half by the year
2010. The costs would come to more than

“two billion Swiss francs per annum (with-

out the costs for NOx-reduction). Further
reductions would necessirare a fundamen-
ral review of warter use, traffic and consum-
er behavior, sertlement policy and eco-
nomic development.

The final point is that Swirzerland can

 make a major contribution to protecting

the North Sea if it mamages to bring its
nitrogen emissions under control.

{11 Eidg Gewisserschuezkommission, Bundi U. und
D, Ley er al., Der Scickstoffhaushale in der
Schweiz — Konsequenzen fir Gewisserschue
und Umwekentwicklung, Schriftenrethe Um-
wektschuez, BUWAL Bern, November 1993,

{2] Clear Air Concepr of the Federal Council, Bern,
10 Seprember 1986.

(3] EAWAG News 30, Stickstoff in Wasser und Luft
- Implikationen fir den Gewisserschuz,
Diibendorf, December 1390,

Ueli Bundi

From Environmental Protection to

Environmental Management
The Consequences for EAWAG

Environmental management involves a system-based approach in
which the objectives are determined by sustainability criteria. It can
encompass the integrated protection of ecosystemns, the environmental-
ly acceptable design of technologies or the organization of whole sectors
of economic activity. EAWAG focuses its efforts on the requirements of

environmental management and is committed to a gradual reduction in -

the use of natural resources and the curbing of environmental pollution.

Environmental Management is
Nothing New, but...

The tide of this article — the same as that
used for the 1993 EAWAG Informartion
day — is rhetorical, and is simply intended
to highlight the need for new ways of

thinking and acting. In acral fact, envi-
ronmental protection will always form an
essendal goal of environmental manage-
ment and, conversely, traditional environ-
mental protection increasingly incorpo-
rates elements of environmental manage-
ment.

The lake restoration strategies developed
in the 1970s sezve as a useful illuseration.
These straregies were based on models for
recording internal lake processes and from
which were derived acceprable rarger levels
of phosphorus in individual lakes. Where
phosphorus levels were too high, measures
were then proposed on the basis of the
various sources of phosphorus. As a resuls,
wastewarer treatment plants in many plac-
es were subsequently designed to eliminate
as much phosphorus as possible, the ban
on phosphotus-containing derergents was
passed in Swirzerland in 1986 and steps
were also taken to redace the agriculoural
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phosphate input into the lakes. This form
of “environmental management” does,
however, have its lmitations wastewater
treatment requires considerable technical,
marerial and financial resources such as
only affluenc-societies can afford; the viral
agricultural measures could only be imple-
mented to a very modest extent, and other
imporrant requitrements for lake ecology,
such as the maintenance of undisturbed
shaliow water and shore zones, were com-
pletely ignored. So although the lake resto-
rarion strategies may have been exemplary
ar the time, they were only able to deal
with the situarion in 2 compartmentalized,
piecemeal manner, with lictle arrention
given to the technical, economic and be-
havioral roots of the problem. This was
primarily due 1o the fact that society failed
to undersrand and address the underlying
conflicts of interest in the demands placed
upon natural resources,

Pragmatic Definition of
Environmental Management

According to current thinking, “environ-
mental management” involves 2 sysrem-
based approach covering various aspects,
some of which are briefly described below.
Measures for protecting individual or in-
terrelated environmental resources are eco-
logically and economically optimized. In
other words, measures with the most fa-
vorable cost/environmental benefir ratio
are implemented, while costly and relative-
ly irrelevant improvements are ignored.
This aflows us to achieve the greatest
environmental benefit for a given amount
of resources, Faced with the limiradons of
technical, curdrive measures, preventive,
cause-based measures assume a central role.
But these may hardly be introduced in an
“isolated” manner, since they generally
involve a tangled web of widely differing
consequences. Ultimately, and inevitably,
this means that whole sectors of industrial
and economic activity have to be managed
in an environmentally-sensitive manner.
Whether this is feasible depends crucially
upon economic, social and cultural de-
mands. Significant progress in this area is
almost inconceivable withour the fnclusion
of interrelated social facrors.

In this pew, integrated approach, the
pathway of action is determined by sus-
tainabilizy criteria. By this we mean for
example, reducing the use of narural re-
sources, “closing” the life cycles of mareri-
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als, preserving ecological nerworks while,
at the same time, avoiding adverse soéial
and economic reactions. This view no
longer focuses on a one-sided approach to
the conservation of Nature. Humankind
is part of Nature and cannot help but
leave its imprinz on Nacure. We, therefare,
have to resign ourselves to the fact that
the concepr of Nature ‘untouched by man’
is now unachievable, except in national
patks. The new warchword is environmen-
tal management. These general consider-
ations are outlined in greater detail in the
article “Nitrogen Balanee in Swizzerland —
Guidelines on Environmental Manage-
ment” which offers specific illustrations.

Consequences for EAWAG
For EAWAG, the challenge of environ-

mental management involves research, ed-

ucation and consultation (see the article by

Alexander J. B. Zehnder “Environmental

Developmens The Way Forward”). Over

the coming years, FAWAG will commir izself

to a gradual reduction in the use of natural
resources and the curbing of environmental
pollution. To this end, EAWAG will support
developments designee to ensure the preserva-
tion of a high quality of life in the long term.

EAWAG's objecrives are:

* to make nationally and internationally
effective contribudons soward the de-
velopment of sciendifically-based envi-
ronmental protection and deve[opmenr
concepts at local, regional and global
levels.

* to complement innovative, scientfic
and technical approaches by increas-
ingly taking into account social aspects,
in seeking solutions to environmental
problems.

These aims are reflected in the establish-
ment of the EAWAG Human Zeology
group in 1993 (see EAWAG news 33), the
specific activiries of the specialist depare-
ments and, in partculas, in the research
focus of EAWAG.

The research focus for 1993-1997 is
entitled “Sustainable Resource Management
— Water Bodies and Anthropagenic Sedi-
menss”. The goal is 1o develop regional
management plans for hydrographic ner-
works, ground water, landfills and con-
taminared soils and sediments. Techaical
expertise will play a crucial role in this
venture, particularly in the area of contam-
inared site remediation. By combining the
interrelared findings from the various spe-

cialist areas, EAWAG ultimazely hopes 10
identdfy basic principles that can be uti-
lized in inregrated sustainable regional
development plans. Achieving these objec-
tives will require close cooperation with
external partners, including science, gov-
ernment and the private business sector.

This research focus is described in derail in

EAWAG News 35.

Other projects investigating the scientif-
ic principles, methods, technologies and
concepts of environmental management
are currently in progress ot in the pipeline.
One particular project aims to develop
resource-friendly rechnologies for supply and
disposal connected with new housing devel-
opment and regional structures. This will
design and test possible options for ecolog-
ically and economically stable, long-term
supply and disposal systems.

Specific aims are:

* to prepare housing and regional devel-
opment concepts in which the sustain-
able use of resources is an integrared
component (timescale: 30--50 years)

* to develop integrated systems of water
management for housing developments,
taking into account supply and disposal
and the requirements of natural water
bodies

* 1o design a resource-efficient manage-
ment system for solid material in hous-
ing developments :

In making these, and other, contributions

o environmental management, EAWAG is

pursuing two different, though closely

incerrelated, objectives. On the one hand,
it seeks to resolve regional problems of
resource management and environmental
degradation; on the other, it hopes to make

a wider contribution towards the manage-

ment of global environmental problems in

Swirzerland ar regional and national levels.
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Grottker and Schilling: Professors in Germany and Norway

In the summer of 1993, ewo members
of the Urban Hydrology group in the
Environmental Engineering Division
lefrt EAWAG ro take up new challeng-
es in Germany and Norway.

On 1 August 1993, Dy, Marthias
Grortker was appointed professor at
Liibeck Engineering School, Germa-
ny. Grottker joined EAWAG in the
summer of 1990 and was primarily
involved in various projects forming
part of the “Integrated Urban Drain-
age” study in Fehraltorf, where he
assumed responsibility for, and also
* largely monitored himself, the whole
measuring system. As part of this

overall study, he also worked on the

sewage storage project and was tem-
porarily invalved in the investigation
of rainwarter seepage. Together with
Wolfgang Schilling, he organized a
number of international workshops in
1992 and 1993 for young scientists.
In addition, he was one of the lectur-
ers in the EAWAG “Urban Hydrolo-
gy’ training courses and also raughe
hydraulics for civil engineers at the
Engineering School in Zirich.

Dr. Wolfgang Schilling wok up his
new post as Professor in the Depart-
ment of Hydraulic and Environmen-
tal Engineering in the Norwegian
Technical University in Trondheim

Matthias Grottker
Fachbereich Bauwesen
Fachhochschutfe Liibeck
Stephensonstrasse 3
D-23562 Liheck

on 1 October 1993, Schilling joined
EAWAG in the fall of 1988 and was
involved in a number of wide-ranging
tasks in the Urban Hydrology group.
He played 2 leading role in setting up
and directing the group and was also
involved in the organization and man-
agernent of the "Integrated Urban
Drainage” research project. As part of
this study, he also worked on his own
pet project: sewage outfall control. In
his capaciry as lecturer at the Federal
Institure of Technelogy in Zurich, he
was responsible for arranging various
educational events and successfully

Wolfgang Schitiing

Institutt for Vassbygging

NTH {Norges Tekniske Hogskole}
S.P. Andersens vei 5

N-7034 Trondheim

motivating budding civil and environ-
mental engineers to respond to the
needs of modern urban drainage.
Although these two highly quali-
fled experts and admired colleagues
have formally left our group, we look
forward to remaining in close contact
on both a professional and personal

level. We wish them every suceess and

much satisfaction in their new posi-
tions.

' Double Honor for Ji’lrg‘Hoigné

Honorary member of the Interna-
tionai Ozone Association

On the occasion of the 11th World
Ozone Congress in August 1993
in the United States, Professor Jiirg
Hoigné was appointed an honoraty
member of the Internarional Czone
" Associarion in recognition of his our-
standing contributions to the further-
ance of the association’s aims.

Harvey M. Rosen Memorial
Award

Jiirg Hoigné and Susan Masten were
jointdy awarded the Harvey M. Rosen
Memorial Award for their paper enti-
ted “Comparison of Ozone and

Hydroxyl Radical-Induced Oxidarion’

of Chlorinated Fydrocarbons {Sol-
vents) in Warter”. The award is given
in recognition of the best paper, in
the opinion of the edirors, to appear

in the fournal of Ozone Science and
Engineering during 1991-1992.

Dr. Masten is currently an Assistant
Professor in the Department of Civil

1 and Environmental Engineering at

Michigan State University. She com-
pleted this particular section of her
dissertation ar EAWAG when she was

studying as a Harvard University doc-

toral candidate under the supervision.

of Hoigné.
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Bernhard Truffer, Gregor Diirrenberger and Silvia Rothen

Will the “Car of the Future” be

Developed in Switzerland?
A Report on the EAWAG Supercar Workshop

Are there any ecological afternatives to today’s car and, if so,
how can they be realized? These questions formed the focus of
an international workshop held on 20-21 September1994 and
organized by the FAWAG Human Ecology Group. The most sig-
nificant conciusions were that cars with a fuel consumption of
one liter per 100 km were technically feasible, and that the level
of expertise in Switzerland is almost unmatched.

Climate, Mohility and an
Innovative Environment

The atmospheric changes caused by
emissions from human-made prod-
ucts have increased dramacically over
the past few decades and may have
serious consequences for the world’s
climate. Motorized passenger traffic is
one of the primary sources of green-
house gases and air pollutants. One of
the most interesting approaches
resolve this problem has been the
developmenr of electric vehicles. A
pioneering group made up of light-
engineering companies, ecologically
interested engineers and rmotivared
students has gained considerable

know-how in recent years in the de~

sign of lightweight vehicles and pro-
duced a whole range of forward-laok-
ing vehicle concepts. Switzerland is
in the vanguard in prototype devel-
opment. And on the demand side,
roughly one third of all electric vehi-
cles in use worldwide run on Swiss
roads.

The Workshop

As part of a research project (see box),
the EAWAG Human Ecology Group
is currently investigating the problems
and potential benefies of lighrweight
vehicles based on the state-of-the-ars.
A two-day workshop was organized.
The stimulus for this event was pro-
vided by conract with the American
energy expert Amary Lovins, who has
been concerned with the development

of energy and pollution efficient vehi-

cles — otherwise known as supercars,
The workshop focused on three

questions:

» Which technical concepts promise
the greatest potental for savings
with tespect to energy consump-
tion and emission of pollutants {in-
cluding CO,), and what is the
cusrent state-of-the-art in the Swiss
pioneering group?

* What problems are involved in
building these vehicles on an indus-
trial scale?

* How mighr a future marker for
energy and pollution efficient vehi-
cles develop, and whar stracegies
should be given priority? _

For Switzerland, chese three problem

areas can be summed up in one ques-

tion: Is there a viable industrial option

for energy-efficient vehicles? Some 50

experts from Swirzerland and other

countries were invited to discuss these
issues. The principal participants were
developers of lightweight vehicles
from Switzesland, the United States,
France and Scandinavia. Representa-
dves from Swiss industry, financial
instirurions and goverdment depart-
ments were also invited 1o deliberare
upon the relevance of the industrial
option. Other participants included
scientists, representatives of environ-
menutal organizations and the media.
The first day of the workshop was
devorted to technical and production-
related aspects, with conmriburions
coming primarily from developers,
the American guests and the financial

institutions. Marker considerations
and promoton stracegies constiruted
the main topics for discussion on day
two. Various Swiss lightweight vehi-
cles were presented berween the main
sessions.

The &ndings from the workshop
were broadcast to a wider public by
various routes. Swiss television pro-
duced 2 short report, and articles on
the workshop appeared in various
newspapers. On the evening of the
second day, Amory Lovins, energy
expert and research director at the
Rocky Mountain Insdrute, Snow-
mass, Colorado, USA, and Paul Mac-
Cready, lighrweight vehicle engineer
and consulrant to General Morors,
USA, gave a public lecrure ar the
Federal Insttee of Technology.

Main conclusions

What were the responses to the three
central questions?

Lightweight construction

The workshop participants were of
one mind in concluding thar energy
and pellution efficient vehicles can
only be successful in practice if light-
weighe construction and desiga prin-
ciples are consistently applied. A rela-
tively liberal attirude was apparent on
the subject of the ideal form of pro-
pulsion. Efficient vehicles can employ
either electric motors oaly or internal
combustion engines only; the precise
design of the engine should rake into
account the specific use of the vehicle,
Hybrid concepts inyolving the inteli-
gene combinarion of electric and in-
ternal combustion engines appear to
offer the most promise in the medium
term.  Generally-speaking, vehicles
that run on less than 1 liter per 100 km
were considered to be perfecty fea-
sible in the longer term. The current



Will the “Car of the Future” be Developad in Switzerland?

Paul MacCready, lightweight vehicle
enginger and consultant to General
Motors, USA

level of know-how in the Swiss pio-
neer group can be considered amongst
the best in the world, and the Swiss
even occasionally play a leading role.

Whe will build the vehicles?

Efforts to implement the technical
concepts on an induserial scale are stll
in their infancy. A capisal investment
of several hundred million Swiss
francs was considered by all partici-
pants 1o be a realistic requirement
before mass production can begin.
The bank representatives stressed that
it was fairly difficulr in Swirzerland o
raise such sums on the capiral marker
and that Swiss developers would,
therefore, probably notbeable te go it
alone, Ideal partners for industial
productien would be firms in the
automotive industry, aithough the
consistent use of lighrweight con-
struction would represent a funda-
mental change in their traditonel
practices. Workshop participants gen-
erally doubted the auromotive indus-
uy was ready for such a change.
A collaborative venture involving
the pianeer group and Swiss industry
couid offer an interesting alternative
option, The relevant industrial know-

Amory Lovins, energy expert and re-
search director at the Rocky Mountain
Institute, Snowmass, Colorado, USA

how is certainly available in Swirzer-

land.

initial large-scale trial

The outlook for the induswial pro-
duction of energy-efficient vehicles
hinges on the market prospects. How-
ever, the market is determined by
numerous conditions thar are difficult
to predict. The “lighrweight electric
cars” program promoted by the Swiss
Deparument of Energy appears partic-
ularly promising; through a regionally
focused campaign, the percentage of
lightweight cars in a medium-sized
Swiss town is scheduled rto reach a
significant proportion — about 10% ~
of overall vehicles. This large-scale
trial will provide important informa-
tion ons market dynamics.

To sum up: serious porential defi-
nitely exists in Swirzerland for the
production and marketing of pollu-
tion and energy efficient vehicles. This
conclusion is based not only on the
high level of technical knowledge pos-
sessed by the pioneer group, but also
on the existence of potential industrial
partnets and the presence of an initial
marker that will prove significant for
the early phases of marker develop-
ment.
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mz canm&ttre taw:zm' P

Current Relevance of this
Subject

The next step is to put these ideas into
practice. A few days after the work-
shop, U. S. President Bill Clinton
announced that the ‘big three’ U. §.
car manufacturers would, with gov-
ernment suppott, be pushing zhead
with the development of a three-liter
car over the next ten years. According
to the workshop findings, it is perfect-
ly feasible to preduce vehicles with a
much lower fuel consumption, and
Swiezerland can make a key contribu-
don in this respecr,

The production of a supercar irself
is not enough. Lovins expects ofl
prices to drop still furcher. Faced with
the problem of excessive mobility, he
has just one answer: “negakilometers”
and “negacars”, i e., cur back on
traffic through policies that reflecr the
true costs involved and chrough vari-
ous fiscal instrurnenss.

EAWAG's Role
What role can research, and EAWAG

in particular, play in these activides?
Narurally, one of our tasks is to serve
as a platform for publicizing and dis-
cussing environmentally refevant de-
velopmenss. In fulfilling this role,
EAWAG must concentrate on prepar-
ing theoretical concepts and empirical
data that are not available, oronly toa
limited exzent, to the other players
involved. The Muman Ecology group
continues 1o operate on two levels:
investigating the relevance of the in-
dustrial options in greater depth and
assessing and defining the furure mar-
ket. Accordingly, we will be investi-
gating the dynamics of this emerging
market. The workshop has shown that
a high level of interest exists in this
area.
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Can be ordered seperately from the EAWAG library {use last page)

EAWAG Publications
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