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Urban settlements are complex anthropological
structures and networks whose personal and
material transport is determined largely by their
private households. The turnover of goods and
metabolic processes in the households of the
city of St. Gali are being studied in the project
“Metapolis”.
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Dear Readers,

EAWAG news has a2 new look and a
new iayout. We hope these changes
will enabie us to communicate more
effectively with you. The first page
will inform you of the contents at

a glance. We have given serious
thought to a new name for the EA-
WAG NEWS. In an internai contest,
the name EAWAG impulses was the
winner. Nevertheiess, we are sticking
to the old name in order to publish
our paper twice a year in German,
French and English under the same
title. A consultation with our French
and English speaking co-workers
made it clear that in these languages
“impulses” does not mean only
positive, forward iooking initiatives.
On the other hand, “news” is also not
ideal. As a word, howevaer, it exists in
all ianguages and has the same
meaning for everybody.

The first of two issues per year of
EAWAG News will inform you about
new aspects and developments in )
our scientific activities. In this number
you will find three such articles. One
is on the theme of the materials
turnover and metabolic processes in
metropolitan private households, a
highly current theme. A second

article introduces a new working
group in the department of microbiol-
ogy. it has the future task of contrib-
uting to the molecular biological
aspects of environmental research.
Since the middie of the eighties, work

has been carried out at the EAWAG
on the subject of atmospheric chem-
istry. Photochemical summer smog is
the theme of the third article.

The secon issue will be concerned
with our yearly information Day. In
the next number the topic “From
Environmental Protection to Integra-
ted Management: Systemsoriented
Approaches in Theory and Practice”
will be discussed. To find out more,
turn to page 29.

Both numbers feature information
about further training and other
events at the EAWAG, as weli as
internal developments and changes.

The EAWARG also has a new logo. You
will find it in the top left hand corner
of the front page and on this page.
Cur “new symbol” consists of three
rectangies, which symbaolize our
activities in the areas of water, soil
and atmaosphere. At the same time
they represent our activities areas:
research, teaching and consulting.
The dynamic interaction of these
areas, symbolized by the crescent
moon, points to our efforts in inter-
disciplinary cooperation. This new
logo makes possible a uniform pre-
sentation and makes our publications
more easily recognizable.

I hope that you will enjoy reading this
EAWAG NeWS and that we can
count you among our future reading
family and friends of the EAWAG.

A

Alexander J.B. Zehnder
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Peter Baccini, Hans Daxbeck, Emmanue! Glenck, and Georg Henseler

Material fluxes and processes in private households of a city

Introduction

Private households are usually depict-
ed as economic, demographic or struc-
tural entities, In this study, however,
they are also understood to bhe the
conveyors of important metaholic pro-
cesses. Their significance is based on
the fact that they determine public
transport and the transport of goods
within an urban system - both quanita-
tively and qualitatively. This study is
predicated on three main issues:
1. The reason for waste mangagement
systems is not just to provide sanita-
ton, hygiene and aesthetic sur-
roundings, but 1o produce environ-
menially friendly products. Such a
mandate can only be carried owt
efficiently if waste managers have an
early warning system —early enough
that they know which goods they
are to collect and treat and in what
amounts.

. From the scientific point of view, this

work presents a challenge to the
methods applied. For the first time,
market data on the importation of
goods into a city have been com-
bined with data on the disposal of
wastes,

3. The long-term development of ur-
ban systems must be based on an
economy committed to sustainable
resource management. This, in turn,
requires a fundamental change in
socio-political decision making for
which constantly updated informa-
tion on the behavior of resources in
urban systems is essential.

The METAPOLIS study was carried out

as part of the Swiss National Science

Foundation project entitled “The City

and Transportation” (NFP-23). The

work was conducted by EAWAG's

Department of Resources and Waste

Management in collaboration with the

City of St. Gall and the Institute for

Maricet Analysis AG (IHA) in Hergiswil.

b

1. The urban system as an
anthropogenic ecosystem

Urban systems are the most complex
of anthropogenic structures and net-
works. For both supplies of goods and
disposal of wastes, urban entities
depend primarity on large neighboring
agricuitural areas within a continenial
environmeni of geogenic ecosystems
and giobal trade networks. As a2 conse-

quence of the increased density of

transportation routes and the sharp
growth in mobility over the past
several decades, this *urban character”
not only applies to cities with popula-
tion densities ranging from thousands
to tens of thousands per square kilom-
eter. It now includes areas with a few
hundred people per square kilometer
and even greater per capita energy and
materizls fluxes,

In this study, we treated the city as
a biological and cultural organism
whose smallest units of metabolism
(“cells”) are the private households.
Today's market researchers investigate
a city's supply of goods by various
means, while managers of waste treat-
ment plants (e.g., waste incineration
plants, waste disposal sites and sew-
age treatment plants) volunteer infor-
mation on the quantities of disposed
materials that they receive. Unfortu-
nately, there are large gaps in what
is known abowt the composition of
goods supplied, goods disposed of
and their respective residence times in
a domestic household.

2. Questions which this study
investigated

Answers to the following questions
were discussed and sought during the
course of this project;

1. Quantitatively speaking, which are
the most important goods needed
by the urban person in his/her pri-
vate household? (ie., “NOURISH",

“CLEAN", “RESIDE and WORK",
and “TRANSPORT and COMMUNI-
CATE™)

. Which goods contain resources and

environmentally relevant elements
which are eventually transferred 1o
waste disposal systems? How do
they become distributed in the air,
water and ground; that is, how
are they retumed to the anthropo-
sphere?
CHow do the metabolic processes
change as a function of time, and on
which variables do they primarily
depend? (e.g.. storage time, resi-
dence tme of goods, principles
involved, etc.)

4. Can future needs for waste dispos-
al plants and regulatory measures
{e.g., laws, economic tools, taxation,
information, education) be evaluat-
ed by using a metabolic mode] of
individual households?

2]

(83}

3. Methods

The city of St. Gall was chiosen as the
subject of cur resenrch because it met
three main criteria: (1) its infrasiructure
for supply; {2) its infrastructure for
waste disposal; and (3) its political
framework. The metabolic processes
were assessed by flux analysis. Initial-
Iy, six major categories of processes
were chosen: (1) private households;
{23 collection of household trash and
commercial solid waste; (3} separate
collection of residential solid waste;
(4) sewers: (3) waste incineration of
municipal solid waste; and (6) sewage
treatment plant. The input and output
goods were identified for each process
{(summarized in larger categories for a
number of mixed goods) and were
compared in a fux system (see Fig. 1).
The non-metals carbon, phosphorus,
sulfur and chlorine and the metals
aluminum, iron, copper and zinc were
chosen as indicator elements. Even
though the economic and temporal

3
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frumework of the project limited our
choice 10 these eight elements, the
selection was bhased on consideration
of imporant physical, chemicul, bio-
logical and process engineering crite-
tia to ensure a broad spectrum of
behavior patterns.

For the key component of the
system — the private household — dasa
on the input of goods were collected
from three sources: |
1. Dagz on consumer goods obtained

from the Institute for Market Analy-
sis AG (THAD
.Dutz on energy sources obtained
from municipal and national statis-
Lics
3. Datz on the water supply extracted
from municipal statistics
Data related 1o waste disposal were
obtained from two sources: (1) muni-
cipal statistics and (2} a program
established specifically for this investi-
gation which was comprised of flux
analyses of elements from sewnage
treatment plants, from waste incinera-
tion plants and from residential solid
wastes collected from especially estab-
lished routes.

in order 10 comprehensively de-

scribe the system of METAPOLLS,

1~

information on 43 processes and about
200 goods was needed. Their Bows
(according to mass) and their concen-
rrations (by element) were measured
or estimated. One necessary limitation
of the study was that only the mobile
goods of individual households were
considered. Such goods include con-
sumer items (e.g., wuater and air),
goods with short and medium resi-
dence times in a household, energy
sources, private modes of transporta-
tion (car, bicycle’ and gaseous, liquid
and solid waste products. Excluded
from the analysis were physical struc-
tures (houses, apartment buildings)
including sanitary and electrical instal-
lations, other permanent installations
such as road and raflway networks,
water and sewage systems, and energy
and communication infrastructure,

4. Results

4,1 The corntribution of private
households to the urban fiow of
goods (Fig. 1}

The input inie private households
amounts to about 0 metric tons per
capita per year (t/ca). About 80% is as
tap water and 20% as air. The short-

lived intermediate consumer goods
and energy sources (mostly petroleum
products) each contribute about 1%,
The long-lived or durable consumer

" goods such as cars, furniture and

household appliances also make up
about 1% or 100 kg/c-a.

Approximately 75% of the city's flow
of goods into waste disposal systems is
through ihe private household (about
100 t/ca), while the proportion origi-
nating from the city’s incustries is
about 30 /ca. The total wrnover of the
city of St. Gall (METAPOLIS system),
however, is much greater than sum of
these two, totalling about 270 t/ca.
Roughly 93% of this amount may be
atiributed 1o rainfall and other drain-
age wiler into the city’s sewer system,
The balance originates from input of
air into the municipal solid waste
incineration plant and from the impor-
tation to the incineration plant of
residential solid wastes from neighbor-
ing communities. Solid wastes from
private households in St Gall, on the
other hand, make up only about 20%
of the material received by the waste
incineration plant, white the sewage
rreatment plant receives municipal
wastes almost exclusively
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Fig. 1

The flux of goods through the METAPOLIS system in tons/capita/annum {t/c-al. lind & trade: wastes from industrial, trade, agricultural

and public buildings' households)
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As a consequence, the quantitatively
most important product of the muni-
cipal waste disposal systeny is the
treated wastewater, totalling about 230
/ca. Insecond place are exhaust gases
amounting o 0.7 t/c-a. Only about 200
kg/ca (about 30%) are being reused
{recycled), mainly for recovery of raw
matterials (e.g., paper, composted bio-
genic wastes, gluss, metals). The only
sink ol materials in the system appears
10 be the private household. The stock
of consumer goods stored in 1990
amounted 1o about 2 tons per person.
An annual growth rate of around 1%
was noted for the pericd of 1990-91.

4.2 The relative importance of the
various activities in the private
household

About 75% of the total flow of materials
through residential households is cat-
egorized as "CLEAN" as determined by
water consumption of about 75 Voo
The water is used to wansport the
relatively small amounts of human
waste and dirt {about 0.6 t/ca or 100
times less than the amount of water)
into the flushing sewage system. The
annual flow of goods for the activity
"RESIDE and WORK" amounts to
around 10 ew or about 10% of the
ol It is primarily use of air for
burning heating oil followed by the
amounts for water and energy. The
activity category “NOURISH™ amounts
o an annual ot of 9 Ve two-thirds of

it (or about 10% of the towal) consists of

air for the oxidation of foodstufls
{respiration). The rest consists of wa-
ter. The activities “TRANSPORT and
COMMUNICATE" fall in the
range at about 8 t /c-a; again the air
plays the most important role as it is
required to oxidize fuels,

The stocks of goeds on hand sorted
according o activity demonstrate the
following: the car (activity "TRANS-
PORT and COMMUNICATE" equals
the sum of the furniture plus applianc-
es in the activity category “RESIDE and
WORK" (about 0.5 veea). If the perma-
nent stock of fossil fuels (0.5 Yea ) is
ignored, then the automobile is the
most imporiant commaodity based on
fis mass equal to about 30% of all
stored goods,

S4ame

Private households are important contribut

4.3 Selected materials fluxes in the
private household
Eight indicator elements were chosen
for the METAPOLIS study. The results
of their balances for the private house-
hold are summuarized in Fig. 2 and
Tihle 1.

The following metabolic character-
of the

istics various  elements  are

obvious from this anatysis:

ors to the fiux of materials in the city of St. Gall.

N G

» 00% of the curbon, mainly imported
in the [orm of fossil fuels, is {rans-
ferred as COs tothe category exhaust
gases, ' _

e Sulfur is is mainly imported in
ithe form of intermediate consumer
goods {e.g., foodswifs and clean-
sing agents) and is exported mainly
as sewage and exhaust gases.

C S P Cl Al Fe Cu Zn
Input tka/c-al
Durable consumer
goods 30 01 0.03 31 31 38 076 049
Consumer goods 245 1.7 062 54 35 38 063 025
Energy sources 370 1.3 003 02 01 05 <01 <001
Tap Water <1l 89 <03 12 <01« <01 <007
Air <10 02 <001 L1 <01 <« <31 <00
Total 1150 42 083 10 B7 42 379 075
Qutput [distribution in %]
Stock <1 <1 1 10 13 25 29 26
Exhaust gases 90 34 <1 ? <] <1 <1 <1
Sewage yi 47 76 45 8 <1 <1 3
Seperately collected
goods 3 g 25 39 62 56 48
Heusehold solid wastes 5 B8 18 40 13 15 33
Stock on hand (ka/ci
Durable Consumer
goods 400 N7 09 30 33 420 14 5
Buildings 2500 nd. 10 3000 800 10 5

Table 1 n.d.: not determined

Overview of the fluxes of the elements in imported goods of the private household and their
distribution among the output goods given in percent. The most important fractions are
printed in bold type; the distributions within the output refer to the calculated fluxes of

elements,
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s Phosphorus is imported in the form
of foadstufts, 30% of it is exported in
sewuge. The flow of P through
resiclential sewage may, therefore,
be an accurate indicator of the
activity “NOURISH™

e Chlorine is mainly imported in the
form of consumer goods (foodstulfs
containing chioride ions) and in
finul consumer goods (. eg., in
polymers containing chlorine such
as PVC plastics). The output of
chloring is mainly in sewage and
secondly through separately collect-
ed solid waste products and to a
smaller extent in residential solid
wastes (i.e., PVC plastics).

o The assessment of the four selected
metals — aluminum, iron, copper
andl zine ~ exhibit some simikarities,
They are imported to a lurge extent
in the form of long-lived consumer
goods, mast significanty as automo-
biles. (Aluminum is the exception;
its fraction in packing materizls is
equal to its content inautomobiles, ).
Significant amounts also flow into
stored goods, which remain in the
private household. When these met-
als leave the private household, they
usually do so through the sepa-
rate collection of garbage. However,
large amounts of aluminum and zinc

rermain present in wastes from resi-

dential sources.

Summarizing the results of this study,
we cin postulate that the separate
collection of residentiai solid svaste
alreacly represents the most important
output of quantitatively significant
resources from  private  households
{metals, organic polymers). This raises
the guestion as 0 whether the re-
spective reserves within the build-
ings themselves (not a study subject
of METAPOLIS) are not even more
important. In Table I, comparative
amounts are listed on the last line, First
approximations of fluxes coming from,
buiidings (only for private households,
data from [2]) suggest, however, that
the consumer goods in private house-
holds, with the automobile in first
place, are more significant as carriers
of resources; that is, for iron the ratic of
the fluxes from buildings compared
with those from final consumer goods
is 1:2, for zinc it is 1:5, and for chlorine
itis 1:15.

In summary, the choice of a few
indicitor elements allowed for a pre-
liminary balance on the most impor-
tant carriers of resources in the com-
plex metabolism of the private house-
hold, It is obvious that the final
consumer goods are significantly more
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Fig. 2

Cl Al Fe Cu Zn

The relative contributions of the four activities “NOURISH” {N}, “CLEAN” [C}, "RESIDE &
WORK™ {R/W), and "TRANSPORT & COMMUNICATE"” {T/C) to the fluxes of eight selected

elements in a the private household.
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important than the shost-lived inter-
mediate consumer goods, although
the kutter seem to play a krger per-

~ceived role in daily life. The most

important gansformations of energy
sources, the fuels, occur as exhauss
from heating systems and combustion
engines. Solid waste from resicential
sources, still an important commodity
in political discussions, is of secondary
importance according to this compre-
hensive assessment of the resource
potentials of materials.

4.4 Changes in the fluxes of goods
and elements as a function of time

The fluxes of goods and the metabolic
phenomena presented here represent
a4 momentary situation.. The caleuiated
gronwvih ratios, however, do not permit
any conclusions to be made about past
or future development, Investigations
on the consumption of energy sources
(fuels) in the 19805 provide conclusive
evidence that” the consumption of
energy under the category “RESIDE
and WORK” has decreased slightly in
spite of the increased demand for
living space per capita, but that the
consumption of fuel has continually
increased with an annual growth rate
of 3%. As physical structures them-
selves were not taken into considera-
tion, the observation of that develop-
ment within the system of METAPOLIS
was not possible. The ohservation of
the growing fluxes of goods through
the activity “TRANSPORT and COM-
MUNICATE” in this swdy parnllels
similar trends in natonal statistics.
Water consumption, which has lev-
eled out over the last decade, and the
production of sewage sludge, which
has remained constant, seem to sug-
gest that the concentration of elements
like copper and zinc are increasing
slightly in sewage sludge.; however,
the evidence for such 2 development
cannot be found. It is possible though
that reductions in use of these metals
have been made in the industrial
sector. An obwious decrease in P
concentrations by about 30% since
1985-6 clearly corresponds with the
ban on phosphates in detergents, a
concomitant increase in  aluminum
concentrations is also evident, pre-
sumably due 1o the introduction of
zeotites as phosphate substitutes,
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During the past decade a growih in
both intermediate and final consumer
goods in private households has been
abserved. This development is conse-
quently mirrored in the wastes that are
produced. The amount of residential
solid waste stagnated between 1982
ancl 1986, but the separaiely collected
residential solid wastes increased (o a
new level untl around 1987, after
which the solid
wastes increased again suggesting that
the sum of the waste fluxes are
constantly increasing.

mixed residential

5. Conclusions and hypotheses

The results of this study support the
following general statements or hy-
potheses:

Cities are flow-through reactors

The rupid turnover of goods in private
households is characteristic of urban
systems in affluent societies, From an
ecological point of view, the most
tmportant goods with respect 1o their
metabolism are water, air and fuels.
Communisies like St. Gall are found in
the thousands throughout the First
World, but do not yet embrace an
economic system based on recycling.
They require a large geographical area
from which to both obtain supplies
and to dispose of wastes. With respect
to the flow of elements, St. Gali has not
yet reached steady state; the growth of
the urban stock of stored goods during
the past 10-20 years is the result of an
increased flow of goods ona percapita
basis and is not due to un increase in
the population.

Energy resources are key factors

From an ecological point of view (i.e.,
demancd for resources and contamina-
tion of the environment), the most
significant goods in the metabolism of
‘private households are the energy
resources that involve the activities
“RESIDE and WORK™ and *TRANS-
PORT and COMMUNICATE”. If the
fluxes of elements that are associated
with these activities cannot be re-
duced, then all other efforts to protect
natural resources and reduce environ-
mental pollution resulting from indi-
viclual househoids will remain of sec-
ondary importance, This is mainly so

because residual emissions are no
longer in first place due 10 improve-
ments in waste treatment technolo-
gies. Above all, the strong area of
growth within the activity category
"TRANSPORT and COMMUNICATE",
with its dominant source and user of
energy, the autemobile, begs for new
limitations — both structural and in
energy use. Without such measures,
the nature of all other corrections wilt
remain superficial. The development
of an envirenmentally-oriented re-
source economy for cities must thus he
carried out through changes in the
urban siructure. Strategies for reducing
distances between supply centers and
waste disposal plants are needed as
well us shorter distances berween
living and working sites. In short,
the cycle of resources should take
place within smuller geographical are-
as. Such changes will require plans for
revamping the physical, economicand
social structures of the urban system
within a time space of several decades.
If we choose to remain within the
existing structures or o continue the
recent trend of expanding resource
cycling dependence 10 even larger
geographical areas, then we can al-
ready predict that those nonrenewabie
natural resources (e.g., metal ores,
synthetics), which are being protected
through recycling, will have 1o be
reclaimed at a higher price through the
use of nonrenewable energy resourc-
es.

Separate collection is a resource

Comprehensively viewed, the sepa-
rate coliection of residential wastes is
alreacy the most significant pathway
employved for the disposal of most
other important resources (metals
and syathetic matedals); therefore, it
should be investigated alongside the
disposal pathways from industry since,
with the exception of carbon as an
indicator of energy use, privaie house-
holds produce the smallest fraction of
the total fiow. The separate collection
of residential solid waste has, howev-
er, not yet been sufficiently studied
and the area of structures also needs to
be considered in future investigations.
Before efforts are made 1o promote the
differentiated separation of wastes in
private residences, we should consider

shifiing the emphasis 1owards the
developmernt of more efficient recy-
cling processes,

Water use revisited

The urban flushing sewage system
with subsequent sewage treatment is
only efficient with regard to the trear-
ment of phosphorus. For ali other
elements, this step in the handling of
resources is one of low importance.
The urban sewage transportation and
redatment system can only be substan-
tiatedd with regard to hygiene and
water pollution control. The undiffer-
entiated way in which water is used
should be critically questioned since
the near-term improvement in the
quality of sewage sludge and treated
wastewater cannot be achieved swith-
out changing the infrastructure of a
populated area (i.e., supply, waste
disposal, building techniques and in-
stallations in households).

Annual bookkeeping on energy and
element balances are essential tools

The question as to whether 2 megabol-
ic modet for privaze households would
be suitable for prediction of the future
demand for waste disposal installa-
tions and accompanying regulations
can basically be answered as “ves”,
Such predictive value would, howey-
er, require annual boolkkeeping on
energy and element balances which, in
wirn, would depend both on market
research for the region and accurate
records kept by waste disposal plants.
Assessing the situation at a given
morment in time as this study dic was
necessary in order to develop the
methods used; however, it did not
permit the development of a predictive
model for near-term use in this region.

{1} RESUB (1990} Der regionale Stofthaushalt
im unteren Binztal, PH.Brunner (Ed.y, Die
Entwickiung einer Methodik zur Erfassung
des regionaien Stoffhaushaties, Abt Abfall-
wirtschalt und Steffhavshalt, EAWAG, 8600
Ditbendorf

[2} Baccini P.und Brunner PH. (1991): Metabo-
lism of the Anthroposphere, Springer-Ver-
lag, Berlin-New York
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Jan Roelof van der Meer, Johan Leveau, and Christof Werlen

Genetic adaptation of microorganisms to

envi

ronmental pol

Are microorganisms able to degrade all xencbiotic chemicals in the
environment or can they adapt to do so? How important are genetic
mechanisms of adaptation? Owing to the use of recently developed
molecular genetic tools, microbiologists have obtained new insights into
understanding adaptive processes in microbes, which may lead to better
predictions on the biodegradability of compounds in the environment.
However, even though many genetic techniques have reached a state of
routine use, the puzzie of adaptive strategies that microorganisms display
in a changing natural environment is far from completely solved.

The authors make up a new research group “Molecular Microbiology” in
the Department of Microbiology at the EAWAG. This article will
encapsulate some molecular genetics concepts and methods and
describe the current status of ideas on how microorganismms can adapt to
xenobiotic chemicals in the environment.

1. Adaptation of microorganisms

If one phlices microorganisms in an
environment with a sirong selective
pressure, mutants will appear within a
relatively short period of time that have
adapted to this purticular condition
and which outgrow the original popu-
‘Tation. Well<known and at the same
time unpleasant examples of such
rapid adaptations are the acquisition of
resistance to anibiotics by pathogenic
bacteria in clinical environments, or
the continuously changing surface
structures of other pathogens (e.g.
Borrelia species) by which they can
evade host-defense mechanisms, Per-
haps iess well-known are the adapta-
tions of bacteria to tecognize and
digest novel food sources. The food
palette of microorganisms in general
consists of small molecules like sugars,
amino acids or carboxylic acids, al-
though they have probably evolved
the most diverse ways within the living
world of using carbon compounds as
food and energy sources {il.

We are interested in investigating the
possibilities and the molecular mecha-
nisms for *food” adaptation of micro-
organisms so that they can use envi-
ronmental pollutants as novel food
and energy sources — sources which
previously may have been non- or
poorly digestible. In several recent
studies it was shown that microbizl

g8

communities became “suddenty” able
to degrade pollutants after o long
period in which nothing appeared o0
be degraded, suggesting such an adap-
tation (2] Also in the laboratory itself,
pure cultures of micreorganisms cun
be grown, and selection for
metaholic capabilities_appears to be
possible. '

How do microorganisms adapt to
use pollutants as novel carbon and
energy sources which they previously
cdid not consider edlible? We must first

new

consider the reasons why some hydro-
carbons would not function as foad for
Food molecules have (o
enter the cell. This can take place
either by an aciive uptake mechanism
or by a passive diffusion process.
Sometimes larger molecules are first
broken down outside the cell into
smalier pieces, which are then subse-
quently tzken up. Unfortunately, not
so much is known about the possibil-
ities for (passive or active) uptake of
environmenial polutants. Secondly,
when a compound has entered the

microbes.

cell, it has 10 be recognized as a
digestible food source. This task with-
in the cell is normally performed by
specialized sensor or regulator pro-
reing that can interact with the food
molecule and then stimulate the ex-
pression of genes encoding the en-
zymes needed for conversion of the
compound, However, when a com-

lutants

pound does not give such a response
with existing sensors, it is not consid-
ered a useful food source and is not
subiected 1o transformation by meta-
bolic enzymes. A third possibility for
an incomplete digestion can be that
the existing metabolic enzymes are not
suitable for catalyzing the transforma-
tion reactions. However, if a1 novel
molecule looks enough like a digesti-
ble compound there is a chance that
existing enzymes will pamially metab-
olize the compound bug at a very low
efficiency. If suitable enzymes are not
present i all, not even for nonspecific
side reactions, the compound simply
cannot be used by the organism.
Two different ways for adaptation of
microorganisms to pollutants can oc-
cur. If the compound is. in principle,
recognized as a food source and the
necessary  genes only have 10 be
switched on, we speak of “bhiochemi-
cal adaptation™. If there is a missing
tink in one of the possibilities de-
scribed above, then changes or addi-
tions are needed in the existing genetic
information so that altered enzymes or
proleins can be synthesized that acco-
modate the novel substrates. In this
case we speak of "genetic adaptation”,

2. Molecular genetics in a
nutshell

2.1 Genes And Gems (Gemmosj

Bacteria carry their hereditary informa-
tion on za single chromosome in the
form of a closed circular DNA mole-
cule. On the DNA are the regions for
the different genes, the basic elements
of the genetic information, which
encocde the enzymes, proteins and
ribosomal RNAs required for a a cell
10 function. This chromosomal DNA
moelecule in bacteria has a size of
between 2 ancd 4 millien nucleotide
buse-pairs. Genes can be as small as
100 hase-pairs (e.g., holding the infor-
mation for 2 bacterial toxin protein of
approsimaiely 30 amino acids) or as
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furge as several thousands of base-
pairs ey, coding for very large
extracellular proteases). Reading the
genetic information Ctranscription™)
and subsequent synthesis of function-
al proteins (“translation™), involves a
compiex interplay between DNA and
various proteins, binding or modifying
the DNA molecule, On the DNA iself,
all kinds of signals in the form of
specific short sequences of nucle-
otices are present 1o reguliate, activate
or repress ranscription and wanslation
— the simplest enes being the “stant”
and “stop” signals for protein synthe-
sis.

in growing bacterial cells, the chro-
mosome is continucusly being dupli-
catec; therefore, al various states of
replication, cells have muliple copies
of their chromosome. In some bacte-
ria, two different cliromaosomes have
been detected, a lurger one and a
smalier "mini-chromosome”™. in addij-
tion. most bacteria have other non-
chiromosomal DNA molecuies which
are called ~plasmids™. Plasmid DNA
may range in size from 2000 1o more
than 700,000 base-pairs. In the iatter
case. the distinction between a "mega-
plasmid™ or a "mini-chromosome™ is
rather artificial. What is the nataral
function of plasmids? The genetic
information on the bacterial chromo-
some, at least in theory, is sufficient for
replication, growth, activity and sur-
vival of the bacterial cell. Plasmid DNA
molecules, on the other hand, can
contain the genetic information for
acditional properties, such as resist-
ance to antibiotics or heavy metals, or
specialized metabolic traits, such as
degradation of aromatic compounds
like xylene and naphthalene. Other
interesting features of plasmids are
that they can be present in more than
one copy per cell (up 1o several
hundred copies), and that they are
sometimes able to ransfer themselves
- even other plasmids - from one
bacterial celi to another. This process is
calied conjugation. We will discuss
later how important these features of
plasmids may be in the process of
microbial adaptation.

When it is isolated from an organism
and carefully purified, the DNA mole-
cule can be investigated, characterized
and manipulated in the laboratory.

One of the most important techniques
to do this makes use of so-called
resiriction enzymes which cut the DNA
at specific positions, Other enzymes
calied ligases can be used o glue two
ends of 4 DNA molecule back together
again. [n doing so, researchers can
isolate small fragments of & particular
DNA molecule which contain the
coding region of a single gene. This
DNA fragment can then be attached 1o
a plasmid DNA molecule and intro-
duced into a different bacteriad cell.
The plasmid and its foreign IDNA
fragment will be replicated like a
normal DNA molecule, and the genetic
information present on the plasmid
can be expressed by the bacterial cell.
The function of the gene on the foreign
DNA fragment can then be investigat-

ed (e.g., by looking at the synthesis of

a protein or by measuring its enzymat-
ic activity in the new host bacterium).
A bacterium that contains - DNA
fragment derived from another DNA
maolecule by in vitro genetic tech-
niques is called o Genetically Modified

Microorganism (abbreviated as GEM
or GEMMO). Most ofien these tech-
niques are used as tools in the labora-
tory to investigate the genetic charac-
teristics und biochemical properties of
a particular organism; however, appli-
cations of these wechniques in hiotech-
nology are manifold, varying from the
high-scale production of particularly
interesting proteins or enzymes o the
construction of “Superbugs”, which
are intended to degrade a wide variety
of toxic compounds at high rates [3].

2.2 Blobs And Flops: Technigues In
Molecuiar Genetics

Interpretation of genetic duia can be
quite different from analyses carried
out by physicisis or chemists, or even
other biologists. Although the con-
cepts of genetic experiments are quite
often complicated and require sub-
stantizal background information, the
actual data consist mainly of banding
patterns. These bands are, for exam-
ple, fragments of DNA, proteins, pro-
teins interacting with DNA, or DNA
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Plasmid DNA
size:

2000-700'000 base-
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circular, double-stranded
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Fig. 1

Schematic visualization of the molecules that make up the genetic material in bacteria.
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10 nm

Ribosome
synthasizes a peptidize
chain based on the infor-
mation and sequential
erder of nucleotide triplets
of the mRNA molecule

= TRANSLATION

BNA Polymerase

unwinds the DNA double strand
and copies one slrandinto a
mANA molecule {approximately
2% nucleotides per second}

= TRANSCRIPTION

Peplide chain

Fig. 2

Genetic information present on the double-stranded DNA molecule is continuousiy “read”
[copied} and “translated” into proteins within the living cell.

fragments interacting with RNA. They
can be made visible by various siaining
technigues including the use of radio-
active labeling and subsequent X-ray
photography. The different protein or
DNA fragments are separated from
one another by electrophoresis, most-
ly performed by running the samples
in gel matrices, such as agarose or
polyacrylamide, on which an electrical
current is applied between a negative
and positive pole. DNA fragments with
sizes berween 350 base-pairs 1o more
than 160,000 base-pairs can separated.
Separation can be so sensitive that
DNA fragments differing by only one
base-pair in size appear as discrete
bands on a gel. This sensitivity is
required when the sequence of hase-
pairs on the DNA is to be determined
~ a technique called “DNA sequenc-
ing”.

Two methods that are widely used
are DNA-DNA hybridization and PCR
(which stands for Polymerase Chain

10

Reation). By using DNA-DNA hybrid-
ization, itis possible to test whetheran
unknown fragment of DNA has a
homology in its sequence of base-pairs
o another known DNA fragment. This
technigue is based on the principle
that two single-stranded DNA mole-
cules can form a double-stranded
molecule {the bybric) when the nucle-
otides in hoth molecules form base-
pairs. The hybrid, however, does not
need to be perfect; that is, not all the
nuclectides need be complementary.
Some mismatches are allowed, since
the stability of the hybrid molecule
depends on emperature and jonic
strength. Under experimental condi-
tions, one of the two DNA fragments is
bound to a carriey, typically a nylon or
nitrocellulose sheet, in single-stranded
form. The other fragmens is added in
single-stranded form in solution carry-
ing a detection label {e.g. *¥*P-radioac-
tive nucleotides) and allowed to form
hybrids svith the bound fragment. The

positions where the fragments have
reacted with one another can then later
be made visible by, for instance, X-ray

_photography.

Polymerase chain reaction (PCR) is
an enzymatic reaction used for ampli-
fying DNA fragments by use of 1 DNA-
synthesizing enzyme —~ DNA polymer-
ase. The DNA polymerase will synthe-
size a new sirand of DNA from a
single-stranded DNA molecule that
functions as its template. For this
synthesis, DNA polymerase needs a
starling-point {a primer), which is
usually a short piece of single-stranded
DNA hvbridized to the template at a
specific position. The reaction is car-
riecl out in cycles, in which the DNA is
made single-stranded, primers are al-
lowed 1o hybricdize and DNA synthesis
takes place. In 30 such cvcles, specific
sequences can be amplified from
perhaps a few copies to several mil-
licn, thereby facilituting their detec-
tion. The specificity of the detection,
however, is determined to a large
extent by the binding of the primer to
the template, If the primer binds to
more regions on the template, false
amplification products occur. PCR has
many different applications, but one
of its powerful characteristics is that
it allows the detection of minute
amounts ol a specific DNA sequence.
These sequences may be amplified in
DNA derived from a single contaminat-
ing microorganism in, for example, a
food product, or from traces of human
blood in forensic samples.

3. Horizontal and vertical
evolution

3.1 Evolving Enzymes and Proteins

Which genetic mechanisms play a role
in the evolution of enzymatic specifici-
ties which may then result in adapta-
tion of the cell? To obmin novel
enzymes, changes or additions in the
existing genetic material have to take
place. The cellular processes that lead
o changes in DNA sequences are often
named vertical evolutionary processes.
The simplest of these are single base-
pair changes in a DNA sequence. This
can be a spontaneous process, due 1o
mistakes which ke place during
replication of the DNA molecule.
Frequencies of spontaneous mutation
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are, in general, very low - approxi-
mately 107 per nucleotide per replica-
tion round. This means that the fre-
guency of z sponaneous mutation
occurring someshere in the whole
genome of a bacterial cell is between
G.1% and 1% per generation. Most
spontaneous mutations will pass un-
noticed for a bacterium, leading to an
accumulation of individual changes
andd stow process of divergence of
DNA sequences. Sometlimes, muta-
tions are directly beneficial for the cell
(see below); at other time, they may be
lethal, for instance, if they disrupt the
‘coding sequence of an essential gene.
Muiations can, of course, also be
induced by toxic agenis which interact
with the DNA or by events causing
damage 10 the DNA (e.g., UV radia-
tion}. Inthese cases, mutation frequen-
cies can be much higher, although the
cell have various mechanisms to repair
damage to the DNA. Changes in the
DNA sequence are not limited to single
buse-pair changes; larger deletions,
duplications, or inversions of shor
sequences may also occur, all resuiting
in the continuous change in sequence
information.

Can we find evidence that enzymes
with altered subsirate specificities 1o
xenobiotic compounds have indeed
evolved in bacteria? The effect that
single base-pair changes can have is
best exempiified on the metabolic
pathway for woluene and xylenes in the
bacterium Pseudomaoneas puticda m-2,
This organism carries a relatively large
plasmid DNA molecule which contains
the genes for the degradation of
methylated benzenes [4]. The plasmid
is self-transmissible, meaning that it
can transfer isell o other bacteral
cells - not necessarily of the same
species!. The bacterium and the cata-
bolic genes for toluene degradation
have been manipulated extensively in
the lboratory in order to determine
their lmitations and potentials for
biodegradation. Mutants of the strain
could be easily generated that con-
tained enzymes for wluene degrada-
tion with other substrate specificities
as the wild tvpe enzymes [3]. Further-
more, mutant bacteria were isolated
with altered food recognition proper-
ties. This appeared to be due o
changes in the regulator protein XylS.

Fig. 3
DNA-DNA hybridization.

1} Single-stranded DNA molecules are bound to a nylon membrane {nucleotides are drawn
schematically as different geometric farms).

2} The “probe-DNA" molegcule is labelled and added into solution in single-stranded form

as well,

3} Complementary nuclectides between the probe-DNA molecule and the bound target
molecules can form base-pairs. When too few base-pairs are formed, the hybrid
molecule is not stable and the probe-DNA molecule is washed off.

4} The site where the stable hybrids are formed can be visualized due to the label of the
probe-DNA resulting in a black band on an X-ray fiim,

The Xyl1S protein helps to express the
genes for 1oluene degradation when
the proper food molecules are present
in the celi. Remarkably, mutant XylS
proteins could be found which re-
sponded 10 other inducer molecules,
or which were uble 1o switch on the
degradative genes without the need
for such an inducer. Similar observa-
tions with other bacterial enzymes
support the view that changes in
digestive enzymes or food recognition
proteins allow bacterix to use poliut-
anis as novel food sources. All of these
altered proteins were found o be the
product of genes which had acguired
smzll mutations in their DNA sequence
— sometimes as a single base-pair
change!,

The effects of sequence changes ase

not always so directly observed. Partof

our own research effort is focused on
a halogen-specific enzyme, chloro-
catechol 1,2-dioxygenase, which be-
longs to a family of related enzymes,
the intradiol dioxygenases. These en-

zymes are the products of a group of

related genes which have acquired
and accumulated 50 many changes in
their sequence material that they only
share 30 to 60% identical nucleotides
on the DNA. This has lead to complete-

ly differeni subsirate specificities of the
individual enzyme members of this
family. Chlorocatechol 1,2-clioxygen-
ase, for instance, is much better suited
io catalvze the conversion of chlorinat-

ed catechols than catechol 1.2-dioxy-

genase, which is a more common
enzyme among aerobic bacteria, Fur-
thermore, we are investigating 2 regu-
ktory protein which is needed for the
expression of the chlorocatechol deg-
racdation genes. This regulatory protein
belongs te a protein family called the
“LysR-type transcriptional activators”,
a group of proteins with extensive
amino acld sequence identity, similar
in function and size, and with a similar
mode ol action. These proteins have
cdiverged in the course of a long
evolutionary process to such an extent
that they now fulfill rather specific
roles in gene activation.

3.2 Gene Transfer and Composition
of Metabolic Pathways

In contrast to verticzl evolution, other
mechanisms exist — so-called horizosn-
tal evolitionary processes in which
DNA fragments are not changed in
their order of nucleotides, but ex-
changed from their position either
within or between two different DNA

11
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Fig. 4

Millionfold amplification of a DNA molecule by means of an enzymatic process: the

polymerase chain reaction {PCR).

motecules. This exchange can occur
inside the same organism or between
two different organisms. [n the latter
case, the exchange of a DNA frag-
ment (and of the genetic information
present on i), can lead to additions of
new information to the other celi,
-giving it the possibility 1o synthesize
proteins which it previousty could not.
That this process can result in adapta-
tion of microorganisms to novel sub-
strates will be further illustrated below.
Exchunge ol DNA fragments berween
different DNA molecules or between
different sites on the same molecule
can be brought about by the activity of
recombination enzymes in the cell,
Some of these enzymes are encoded
by genes present on so-called mobile
genetic elements, such as transposons
or insertion sequences. These e¢le-

12

ments zre able to duplicate themselves
and to insert a second copy at another
position in the chromosomal DNA or
in another DNA molecule. it is thought
that insertion elements can in this way
“trap” other genes between the two
copies, which can then also be maobi-
lized.

In our own research, we have
obtained strang evidence that such
“gene wrapping” occurs during the
adaptation of hacteria 10 novel sub-
strates {0]. The bacterium which we
mainly study. a Pseudomonas strain
which degrades chiorinated benzenes,
contains part of its catabolic genes for
chiorobenzene degradation on a trans-
poson. These genes, encoding the
enzymes chlorobenzene dioxygenase
and benzene glycol dehydrogenase,

are flanked on both sides by a copy of

an insertion sequence. The DNA ele-
ment, composed of hoth insertion
sequences and the catabolic genes

between them, has experimentally

been shown to insert into other DNA
molecules, proving that it is mobile.
Interestingly, in the Pseudomonas
strain, this mobile element is located
on a plasmid DNA molecule, Else-
where on this plasmid are other genes
involved in the degradation of chlo-
rohenzenes. However, it is this combi-
nation of genetic information — present
on both a plasmid and on a transposon
~ which is necessary for the complete
degradation pathway. We do not vet
know, the origin of this transposon.
We have reason to believe, however,
that the catbolic genes may have
come from toluene degrading micro-
arganisms, The fist enzyme in the
pathway is toluene dioxygenase that
has been shown to be a relatively
nonspecific enzyme, capable of oxi-
dizing several other substrates includ-
ing chlorobenzenes. DNA sequence
analysis of the chlorobenzene dioxy-
genase genes, which is currenty in

"progress in our group, indicates that

these genes have o high percentage of
homology to the genes encoding
toluene dioxygenase, lending addi-
tional support 1w our position that
ioluene degradation genes may have
become “trapped” by insertion se-
guences and subsequently transferred
to another organism on # plasmid.

Gene exchange mechanisms are not
limited o DNA molecules inside a
single organism. Many elements exist
which can transfer DNA sequences
from one organism to another - even
to organisms in different genera. Plas-
mid DNAs are important gene transfer
elements that reside in many bacteria-
though not all plasmids are alike. Some
saill plasmids cannot be transferred
to other cells, while some others can
transfer themselves. Others can be
{coltransferred together with another
plasmid that tansfers itself. Some
plasmids are able to participate in a
process known as retrotransfer; that is,
they “pick up” genes from another
microbe, but return to their original
host bacterium.

Gene transfer is not limited 1o
plismid DNAs, but also occurs with
some transposons and bacteriophag-
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Fig. 5

Haorizontat and vertical evolution

Vertical evolution refers to a eoliection of
genetic processes leading to changes in
base-pair sequences. For example, replica-
tion errors can result in single base-pair
substitutions {arrow 1}, or in small dele-
tions {arrow 2}, Horizontal evelution refers
to genetic processes leading to mobiliza-
tion of DNA fragments or molecules from
one position to another or from one bacte-
rial celf to another.

es. In addition. many self-tmnsferable
plasmids bave been found over the
past two decades that carry the genetic
information for degracing aromatic
compounds, halogenated compounds
or pesticides, which mukes them inter-
esting for our adaptation studies. The
genetic information present on plas-
mids can thus be spread among a
wider population of bacterial species.
The plasmid for chiorobenzene degra-
dation, which was described above,
has been detected in various other soil
hacteria from the same environment,
suggesting it is widely distributed in
microbial populations. Some investi-
gators have looked for the presence
of “TOL"-plasmids in soil bacteria
(plasmids containing the informa-
tion for toluene degradation) [7]. They
have been able to isolate such plas-
mids from various soil microorgan-
isms. Though not all plasmids were
identical, similar genes for toluene
degradation were present in all cases.
Sornetimes, though, these genes were
present two-fold on the plasmid or in
an inverted orientation again suggest-
ing that many genetic processes oper-
ate under natural conditions which
cause exchanges of DNA sequences
within DNA molecules or berween
bacterial strains,

Evidence is now accumulating that
metabolic pathways are perhaps com-
posed of different “gene cassettes”
occurring in different combinations
and orders {8]. The existence of a
number of these putative cassettes has
been proposed as a result of compar-

ative genetic studies  with  various
aerobic bacteria containing the genes
for (1) aromatic ring dioxygenases, (i)
a meid cleavage pathway of catechol
degradation, and (iii) an ortho cleav-
age pathway for chlorecatechol degra-
dation. How may such gene cassettes
be combined? Untl now, very limle
evidence existed to attempt to answer
this questoin. But as described above,
we believe that trapping of genes and
subseqguent movement by mobile ge-
netic elements may be one explana-
tion for the occurrence of novel
combinations.

3.3 Timescales in Evolution

One of the major prablems in “evolu-
tionary” research is that It is not
possible to iook at an  individual
microbe and wait undl it adapts or
evolves to use xenohiotic compounds.
To a great extent, our research con-
centrates on the description of bac-
terial species that have been previ-
ously isolated from the environment
and which degrade a particular envi-
ronmental contaminant. Comparisons
made berween such bacteria on the
genetic level are the main source of
information about their evolutionary

relationships, These relationships are
usually expressed as the degree of
similarity or identity in amino acid
sequences of proteins, suggesting di-
Vergence from a comrmon ancestor.
However, this approach does not yield
much information about the actual
mechanisms which ke place during
aclaptation. The advantage of using

" microorganisms, however, is that they

multiply rapidly and selection for
muiations is facilitated by easy screen-
ing of large populations of cells, It is
possible then to perform a kind of
“forward evolutionary search” by se-
lecting for mutant bacterial strains with
altered enzyvmatic activities. Similarly,
gene exchange experiments can be
performed 1o study transfer of plas-
mids from one strain to another and o
see whether novel metabolic path-
ways can be combined inside bacteria,

Current interests in the field of
microbial  genetics is focused on

whether genetic mechanisms leading
10 adaptation in bacteria are truly
spontaneous processes or if they are
not, to some extent, regulated by
environmental conditions. It has been
shown recently that bacteria facing
particular stress conditions {such as
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Two related enzymes have evolved difierent substrate specificities by changes which
accumulate in the DNA sequences of their genes (vertical evolution). The enzymes are
drawn schematically as afolded chain of beads {representing the amino acid residues of the
polypeptide). Only the residues which changed as a result of base substitutions in the DNA
sequence have been given a separate shading.
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presence of toxic agents, or starvation
for foed or nutrients) have a higher
rate of muation. There are additional
indications that mutations causing sin-
gle base-pair changes or the activity of

insertion sequences may be “environ-
mentally-induced” [9]. This would sug-
gest the existence of regulatory sys-
tems by which microorganisms in-

crease their rate of mutation under

cl ci

01\1'@ ci.__L__on
() —
~N OH

BE

Fig. 7
Possible events in the evolution of the metabolic pathway for degradation of chlorinated
benzenes.

Bacterium “a” metabolizes toluene as shown in panel A on the right side. The enzymes
which catalyze the first steps in this pathway can also convert dichlorobenzene; however,
the dichlorinated intermediate which is then formed cannot be further metabolized by this
bacterium.

Bacterium “b” is able to degrade the compound 3-chiorobenzoate; chlorinated intermedi-
ates occur in these metabolic reactions but are converted by the existing enzymes without
problems. This bacterium, however, does not have enzymes to perform the necessaryinitial
oxidation of the chlorobenzene.

The left panel of the figure depicts the possible horizontal transfer of necessary genetic
information from bacterium “a" to bacterium “b”, so that the latter acquired the possibility
to compietely degrade chiorinated benzenes. The genes encading toluene metabolism are
located in bacterium “a” on its chromosome {shown as A). Accidentally, an insertion
element [here shown asa black bar) replicatesitseif and the copyinsertsinthe chromosome
on the other end of the A-genes. Bacterium “a” and "b” come in cell-to-cell contact.
Baeterium “b" carries a plasmid-DNA maolecule which is able to transfer itself to another
bacterium. On the plasmid are the genes {shown as B]) which allow bacterium “b” to
degrade chiorchenzoate and the chlorinated intermediates. During celi-cell contact, the
plasmid transfers to bacterium “a”, and the A-genes are copied and mobilized by means of
the insertion elements on the plasmid DNA molecule. The plasmid transfers back to
bacterium “b” talting a copy of the A-genes on it. This now provides strain “b” with the
genetic information to {first} oxidize chiorobenzenes with the A-genes encoded enzymes
and transform the chlorinated intermediates with the help of the B-genes encoded
enzymes.
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poor living conditions, thereby in-
creasing the probability of a favorable
mutation. In this context, it is even

proposed that “evolutionases”, en-

zvmes or regulators promoting DNA
sequence changes, could exist {10].

Another question is whether or not
better adapted buacterial strains and
novel metabolic pathways became
selecied for only afier the large-scale
introcluction of pollutants into the
environment,  Research  conducted
with microorganisms which degrade
chiorinated aromatics such as chlo-
robenzene suggests that these strains
may have adapted under the selective
stress of the chlorobenzenes. The
~rapping” of toluene  dioxygenase
genes by insertion elements, as de-
scribed above, could have been such a
“recent” evolutionary event. On the
other hand. our studies and those of
other groups have made clear that
specific enzymes for degradation of
halogenated compounds are probably
much “older” on the evolutionary time
scale, Perhaps these enzymes have
evolved as an adaptation to natural-
ly accurring chlorinated compounds.
The chlorocatechol 1,2-dioxygenase
and its reguiatory protein will be used
in future work by our group as models
for the study of genetic mechanisms
which may ke place inside the cell in
the development of specialized pro-
teins for the degradation of chlorinated
compounds, We will also use them 0
investigate the possibilities that envi-
ronmental stress influences adaptation
of key proteins for degradation path-
WVS,

4. Looking for microbes in the
environment

Until now, most information about the
catzbolic potential of microorganisms
has come from studies with bacterial
strains  iselated from environmental
sampies by enrichment techniques. As
more genetic data become available, it
is increasingly feasible to screen sam-
ples for the presence of specific
bacteria, This will initinte 2 new field
within microbial ecology including the
study of population dynamics and
genetic varizhility. [tis now possible to
isolate bacterial strains from environ-
ments not only on the basis of their
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phenotypic properties, but also ac-
cording to genotypic characteristics,

How are these studies accom-
plished? In & number of labormories,
including our own, screening tech-
niques have been tested and opti-
mized which make use of DNA-DNA
hybridization and PCR (see above) [11,
12]. Our main interests at the moment
are in screening samples from environ-
ments polluted with chlorinated aro-
muatics for bacteria which carry genes
for degradation of these compounds.
In order to do this, we have isolaied
and obtained several genes encoding
key enzymes in the breakdown of
chloroaromatics, such as aromatic ring
dioxygenases and (chloro-)catechol
dioxygenases, These DNA fragments
will be used directly in hybridization
experiments with DNA derived from
colonies of microorganisms which
have been grown on agar plates (so as
to be able to isolate positively reacting
bacteria afterwards). Furthermore, oli-
gonucleotides have been developed
and synthesized on the basis of DNA
sequence information of these frag-
ments which can now be used in PCR
experiments in order o detect and
possibly quantify the number of these
sequences in environmental samples.
This information can then be coreelat-
ed to the degree of pollution of the
sampie, for obtaining further evidence
for the selecion of novel bacteral
genotypes in nature under potlutant
stress.

5. Autoregenerative capacities of
polluted environments

What is the role and importance of
genetic adaptation in bacteria for the
degradation of environmental poilut-
ants? It is clearly evident that if bacteria
present in the environment do not

have the proper genetic information
for a degradation pathway, it will limit
biodegradation. On the other hand, if
the “right” bacteria are present, it does
not necessarily mean that the poliut-
ants are degraded ur optimal speed,
since the activity of microorganisms
in the environment is determined
by many physical and chemical fac-
tors (e.g., biocavailability, temperature,
presence of nuirients) [13) With the
increasing costs of cleaning up waste
disposal sites, practical and acceptable
solutions need to be developed. The

"application of microorganisms for re-

mediation of contaminated sites is
certainly an important technique in
this respect, alihough there are numer-
ous options for irs execution. For
example, in situ microbial activity may
be stimulated by the addition of
nutrients, poliutants may be extracted
and treated in reactors, or specialized
microbes may be intreduced into the
site s0 as to improve biodegradation
rates. It is even possibie to construct
novel bacteria by genetic techniques,
in order to speed up evolutionary
processes which will result in the
degradation of a varery of difficult
pollutants simulianeously. However,
the application of such bacteria is not
without technical, potitical and ethical
problems. Another solution which will
perhaps take the longest is one 10
prevent further transport of the pollut-
ants and wait for spontaneous biodeg-
racation processes to develop. For
this, it is necessary to know better what
the autoregenerative capacities of en-
vironments are to clean themselves up,
Analysis of the diversity of catabolic
genes among microbial populations
and of adaptive processes under envi-
ronmental conditions are  essential
links in a proper assessment of such
strategies,

Fig. 8

Identification of a specific bacterial colony
amang a diversity of other colony types by
means of DNA-DNA hybridization, Panel A
shows a “reprint” of the bacterial colonies
grown from an environmental sample on an
agar surface, Panel B shows the results of
the DNA-DNA hybridization of this reprint
with a DNA probe for chiorocatechol dioxy-
genase genes under conditions where all
nonspecific reactions are washed off (see
Fig. 31.
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Computer Modelling Studies of Photochemical Ozone, Peroxyacetyl Nitrate
(PAN} and Hydrogen Peroxide Formation Over the Swiss Plateau

Photochemical summer smog

Photochemical summer smog s
formed by the action of sunlight on air
masses conlaining nitrogen oxides
{NO,) and volatile organic compounds
(VOCY. LIt is chamcterized by the
presence of high concentrations of
" photochemical oxidanis such as ozone
(03), peroxyacetyl nitrate (PAN) und
hydrogen peroxide (F,O.) as well as
by reduced visibility. Exposure to high
levels of photochemical oxidants is
known to harm the respiratory systems
of mammls and cause damage o
vegetition [1,2]. In addition, PAN is
known to cause eye irritation and H,0,
plays an important role in acid rain
formation [2]. The processes invoived
in the formation and removal of photo-
oxidants are shown schematically in
Fig. 1.

Photochemical summer smog pro-
duction is conirolled by the emissions
and abundance of primary polluiants,
meteoralogical conditions, and by
chemical processes in the aimosphere.
A comprehensive database of atmos-
pheric parameters including the mete-
orological conditions and pollutant
concentrations  in Switzerland  has
been established as u result of the
Pollumet Experiment {Pollution and
Meteorology in Switzerland) and the
«“Nationale Beobachtungsnetz fiir Luft-
fremdstoffe (NABEL) [3]. Pollumet is
an intensive monitoring program de-
signed to study the tansport and
production of polhutants in Switzer-
land uncler summer smog conditions.
The NABEL program was established
to monitor air quantity and to study the
formation of air poliutants in Swit-
zerland. The network is operated
by EMPA (Fidgendssische Material-
prifungs- und Forschungsanstali} on
behalf of BUWAL (Bundesamt FHir
Umwelt, Wald und Landschaft). The

! paul Scherrer Instituie, CH-53232 Villigen
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network is comprised of 16 stations (10
were operational in 1990) in locatiens
representative of the different land
uses in Switzerland.

The primary sources of pollutants
during the summer are automobile
exhaust and solvent use. Cther sourc-
es include stationary combustion, ad-
ditional industrizl emissions and natu-
ral emissions. High-pressure weuather
patterns suppress the vertical mixing
and dilution of pollutants released at
the surface. The associnted cloudless
skies provide maximum lght intensity
to initiate smog formation. The poten-
tial of an organic compound o gen-
erate ozone in the troposphere de-
pends on the rate at which it is
oxidised, the presence of nitrogen
oxides and the nature of the oxidation
products formed. ‘

The relationships between the emis-
sion rates of the precursor compounds

o smog formation and the levels of

photochemical oxidants produced are
not linear, At present, the only effective

sunlight

sources

Fig. 1

wet d'egﬁpéitibln

way to investigate these relationships
is with the use of models combining
the meteorology and chemistry of air
parcels, Some models caleulate pollut-
ant concentrations ata lixed geograph-
ical location (Eulerian models). while
others determine the poliutant con-
centration in a column of air and
follow its trajectory as preclicted by
prevailing metoreorolgical conditions
(Lagrangian models). The pollutant
concentrations predicted by an Euleri-
an model pertain to a specific location.
Lagrangian models predict the pollut-
ant concentration in a moving air
parcel. Comparison with measured
pollutant concentrations is only possi-
ble as the air parcel passes by a
monitoring station. These models are
less expensive 1o operate than Euleri-
an models.. Subject o certain condi-
tion, both types of moedes] can be used
1o predict the change in photo-oxidant
procuction brought about by various
emission reduction scenarios, The re-
guirements, limitations and applica-

{long range) transpost

dry depasition

o
N

removat

Schematic diagram of the formation of photochemical summer smog.

Sources of primary poliutants inciude anthropogenic and natural processes. Removal
processes include dry and wet depaosition. Dry deposition involves transport of gas and
particle pollutants to surfaces in the absence of precipitation.
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tions of such models will be discussed
with reference to the development of a
Lagrangian model to simulate photo-
oxidant production over the Swiss
platean (Schweizer Mitteland), Full
details of the model are published
elsewhere 14, and Rasselet and Kerr,
manuscript in preparation].

The model

The photochemical model describes
the chemical development in a parcel
of boundary layer air and was de-
veloped 1o simulate the production
of photo-oxidants over the southern
United Kingdom [3]. The model has
been adapted for conditions found
during a typical summer smog episocle
in Switzerland. High pressure weather
patterns over Europe genermie light
north easterty {Bise) winds across the
Swiss Plateau. The air parcel starts at
18:00 on 25 July 1990 from a point

approximately 15 km northeast of

Ravensburg in Germany. The air par-
cel mavels at 2 ms* (7.2 km hed)
following a tajectory from Lake Con-
stance, passing Zirich and Bern 1o
Lake Geneva (see Fig. 2). As the air
parcel proceeds, it collects the pealk
NO, and VOC emissions produced
during the morming rush hour in
Zirich. The diurnal varistions in tem-
perature, humidity and insolation are
inclucled in the model.

The air parcel is divided vertically,

into two boxes and has an effective
lateral cross section of 30x30 km*
Complete and instantaneous mixing
within each box is assumed, Atsunrise,
the fower hox contains a wrbulent

Source - VOC | NO,
Vehicle exhaust from

gasoline engines 1154 1 2112
Vehicle evaporation from

gasoling enginas 62.93

Vehicle evaporation from

gasoline engines 38z | 1183
Stationary combustion

SouTCES 576 | 1136
Industrial sources | 238 231
Solvent use 493.3

Natural gas leakage 882

Table 1

Emission inventory for Switzerland
Emission rates in kTon day?' over the Swiss
Piateau during a photochemical episode in
1890

Fig. 2

Wiap of Switzeriand showing the trajectory of the air parcel from Lake Constance to Lake
Geneva. The trajectory starts at 18:00 h on 25 June 1990 and ends at 16:00 h on 27 June 1930.

The OECD-MAP emission grid is also shown.

mixed layer with a mixing depth of 360
m. The upper box contains a reservoir
laver with 2 mixing depth of 1000 m.
During the morning, the depth of the
mixed laver increases, driven by con-
vection and entraining air from the
reservoir layver. The maximum mixing
depth of the mixed layer (1300 m) is
reached after noon. The depth of the
fower box falls to 300 m, isclating air
above in the reservoir layer as sunset
approaches. The shallow surface layer
persists through the night, and the
process repeats iself on subsequent
days. The total heiglu of the air parcel,
1300 m, remains consiant throughout.

The choice of initial species concen-
trations for the moedel is imporant as
they may infiuence the chemical de-
velopment. The initial conditions were
established in a model pre-run over
southern Germany.

Emissions Inventories

The model requires the pollutant
injection rates for NO, and 68 individ-
ual VOCs. An emission inventory of
NO, and VOC emissions during a
photochemical smog episode in 1990,
based on the OECD-MAP grid having a
50 x50 km resolution, was prepared by
Filliger and Ballaman of BUWAL [per-
sonal communication]. To calculate
the emission rates of the individual
VOCs, the emissions of the updated
inventory were divided into eight

source categories using the national
total estimates for each category in
Switzertand  {Filliger and Ballaman,
personal  communicationd. Table 1
shows the total emissions from each
source ype over the Swiss Phlateau.
The emissions from each source were
then broken down on g mass basis by
species using the estimation proce-
dures of Derwent and Jenkin [6]. The
emissions over southern Gernmany
used in the pre-run to calculate the
initial concentrations were based on
the OECD-MAP inventory {7]. Emis-
sions were released 1o the lower box of
the model, and the rates varied to
reflect the diurnal traffic patterns and
industrial activity during the work day.
CO emissions are closely correlated
with NO, emissions [8]. The back-
ground CO levels in the present study
were calculated as a fixed ratio of the
NQ, levels. However, emissions from
natural sources have been omitted in
the inventories used in this study since
the magnitude of nawral emissions is
largely uncertain. Natural VOC emis-
sions, however, comprise about 10%
of the wotal VOC emissions [7].

Chemical mechanisms

The photochemical degradation of
volatile organic compounds is princi-
pally initiated either by reaction with
hydroxyl (OH) radicals or by photoly-

sis. Flydroxy] radicals are generated by

17
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the photolysis of ozone in the pres-
ence of water vapor. In either case, a
chain reaction ensues involving reac-
tive intermediate radical species in
which nitric oxide is converted 10
nitrogen dioxide. Nirrogen dioxide
photolysis is the only known source of
ozone in the lower atmosphere. The
general reaction scheme for the oxida-
tion of an organic compound initiated
by the OH radical reaction is shown in
Fig, 3, Al several points in the reaction
scheme, more than one reaction chan-
nel is available. The partitioning be-
rween the reaction channels influenc-
es product distribution and, as a
conseqguence, ozone production. The
parent organic compound is oxidized
to form secondary carbonyi products,
the photo-oxidation of which leads to
the generation of peroxyacyl nitrates

(PAN) (see Fig. 3). Hydrogen peroxide
is formed by the interaction of tvo HO,
radicals which competes with the
reaction of MO, with nitric oxide (see
Fig. 3.

The model used for the photochem-
ical reaction mechanism contains 384
species, including reactive intermedi-
ate radical species, and involves 084

reactions. The reaction rate coeffi-

cients were taken from an evaluation

of laboratory data measured under
simulated atmospheric conditions [9].
The photolysis rates were calculated as
a function of the solar zenith angle.
The loss of chemical species to water
droplets has not been included as the
simulation is for clear sky conditions,
The heterogeneous removal of species
at the surface by dry deposition has
been included as a diurnally averaged
deposition velocity.

Model Applications and Limita-
tions

The complex nature of atmospheric
interactions and the computational
limitations of computers require that
the models incorporate significant sim-
plifications and assumptions. In addi-
tion, such models require substantial
input dara, including meteorological
measurements and emission data. Un-
certainties in the input data, as well as
the approximations in the model itself,
can lead to major unceriainties in the
model predictions. In spite of their
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Fig. 3

Schematic representation of the photo-oxidation of a general organic compound RH
showing the formation of reactive intermediates and the oxidation of nitric oxide {NO) to

nitrogen dioxide {NO,},

Hydroxylradicals {QOH} are regenerated allowing the reaction cycle to be repeated. Products
include water (H,0), carbon dioxide {CO,}, carbonyl compounds {RCHOY), organic nitrate
{RONO,), peroxyacy! nitrate (RCIO}0,NO;) and hydrogen peroxide (H,04).

Atom and radical intermediates include oxygen atoms {0}, alkyl radicals (R}, alkylperoxy
radicals (R0Q,), atkoxy radicals {RO), hydrogen peroxy radicals (HO,), acyl (RCO), and

peroxyacyl radicals (RCOG,).

limitations, models are valuable tools,
aiding in the interpretation of field

measurements and in providing qual-
itative predictions of photo-oxidant

conceatrations in response to different
VOO and NOX emission scenarios,
The mathematical parameterization
of the transport of chemical species
represents a simple physical model of
the planetary boundary layer under
very specific conditions. Deviations
from actual conditions will be particu-
larly large at sunrise and sunset as the

ground-tevel nocturnal layer breaks
up and re-forms.

The model reports the ~average
ozone concentration in the lower hox,
which is zssumed to be homogeneous-
Iy mixed. Near major urban centers
and point sources, the modet is not be
able to reproduce ambient concenira-
tions as there are significant horizontal
and vertical concentration gradients.
In rural areas, however, where the
approximation that the air in the box is
well mixed is more realistic, the
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Fig. 4

Predicted and measured
ozone concentrations
along the modelled trajec-
tory.
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1 ppb ozone corresponds to 1.96 g m? at 25°C and 1 atmosphere pressure.
Key Rb, Ravensburg; Bs, Bodensee; Zh, Zirich; Be, Bern; Ls, Lausanne; Ny, Nyon,

performance of the model should be
better. In addition. omitting naturzl
VOC and NO, emissions biases the
emission inventory. Although natura
emissions do not comprise a lurge
proportion of the 1otal emissions, they
do include reactive species (e.g.. iso-
prenel.

It is not possible o include the
complete chemical mechanism in the
model. The rates of many of the
chemical reactions included in the
model have been measured: however,
there are a significant number of
reactions for which scant or no exper-

imental data are available. The estimat-
ed error limits for the evaluated rate
coefficients are at least 20-30%. Fur-
thermore, kinetic data have been
determined in luboratory experiments
simulating  atmospheric  conditions:
though because of analytical con-
straints, the
precursor compounds used are often
up to 1000 tmes greater than found
under ambient conditions which may
lead to systematic errors. The dry
depasition rates in the mode! are daily
averages. In reality, the daydme dry
deposition velocity is much greater

the concentrations of

- VOC + NOx —
rt
¢ o
195 ppb Ozone
Fig. 5

Ozone budget predicted by the model showing the amounts imported, produced,

deposited within Switzerland and exported.

than that at night. The use of deposi-
tion velocities averaged over 24 hours
will cause an over-estimate of noctur-
ml removal and an under-estimate of

the day time removal e, The dry

deposition velocities are also averaged
over the path of the air parcel, even
though experiments have shown that
dry deposition rates vary with the
nature of the surface receptor [10].

The approximations and assump-
tions outlined above restrict the per-
formance of the model. The results of
the maodel] calculations are, therefore,
Hlustrative rather than quantiative.
Models are best used as comparative
tools 1o predict refative changes in
photo-oxidant concentrations in re-
sponse to hypothetical changes in
The results
present model are only applicable
along the trajectory under summer
smog conditions.

CIMISSIOn  raes, of the

Resuits of model calculations

Ozone
Ozone formation culculated by the
model as it traverses the Swiss Plateau
is shown in Fig. 4. The predicted ozone
concentration is approximately 65 pph
(puris per billion by volume) as the air
parcel enters Switzerland at midnight
aver Like Constance, The ozone con-
centration decreases during the night
to o minimum of approximaiely 40 pph
betore sunrise the nextmorning. Inthe
lower box, dry deposition and reac-
tions of ozone with NO, and alkenes
deplete the ozone. During the morn-
ing hours, the ozone concentration
increases.  Overnight the  inversion
houndary has isolated ozone-rich air
aloft in the reservoir laver. After sunrise
the mixing height of the lower box
increases entraining air [rom the upper
box. In addition, solar raciation initi-
ates photochemical reuctions leading
Lo ozone generation in the air parcel.
The maximum predicted ozone con-
centration, 106 ppb, occurs near Burg-
dorl (BEY at abowi [9:00. The ozone
concentration decreases as the intensi-
1y of solar radiation decreases, and the
nocturnal surfuce fayer is re-estab-
lished.

The mode! calculitions predict a net
production of ozone in the air parcel as
it passes over Switzerlund as shown in
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Fig. 3. Most of the ozone produced is
deposited locally, and the exported
concentration is about 60% greater
than that that is imported.

The ozone concentrations predicted
by the model can be compared with
measurements conducted during the
Pollumet research effort and as parg of
the NABEL network. The ozone con-
centrations predicied by the model
agree reasonably well with those
measured at Jocations along the trajec-
tory. Measurements near urban areas
are somewhas lower than those pre-
dicted by the model, presumably due
to reaction of ozone with NO. Ground
level measurements of the ozone
concentration will be heavily influ-
enced by nearby NO sources, while
the ozone concentration predicted by
the model is averaged over the height
of the boundary layer and is not
strongly affected by NO sources local-
ized at the surface. This is partcularly
noticeable when comparing the data at
Bern and Dithendorf. The ozone con-
centration measured at Bern is in-
fluenced by increasing cloud cover
which is not accounted for in the

atmaosphere pressure.

model. Downwind of Bern, compari-

son of the modelied and measured

concentrations is not possible because
of changing weather patterns. Agree-
ment of the concentrations predicted
by the model with ambient levels
should not be taken as validation of the
maodel, but rather as an indication that
undler specitic conditions the model is
capiable of simulsting atmospheric
conditions.

PAN

PAN concentrations along the trajecto-
vy are predicted to show a diurnal
variation {(Fig. 6. The maximum pre-
dicted PAN concentration occurs mid-
afternoon on 20 July and slowly
declines through the evening and
overnight to reach a minimum before
dawn, The muximum predicted PAN
concentration occurs at noon on the
second day. The concentrations of
peroxyacetyl radical precursors to PAN
formation are highest swhen the sun-
light intensity is greatest. Reaction of
peroxyacetyl radicals with NO, 1o
generate PAN competes with the reac-
tion of peroxyacewyl radicals with NO

HoOp (ppb)

.

ol U b b byt

Fig. 7

H,0, concentrations
predicted along the
trajectory. The H,0,
concentration measured
at Schipberg {¢] is
shown [14].

The average daily maxi-
mum H,O. concentration
at Rigi ogcurs at about
15:00 h and is ca. 2.5 ppb.
1 ppb H;0, corresponds to

oo 1

18:00 24:00 06:00 12:00 18:00 24:00 06:00 12:00

Time

20

1.4 pg m? at 25°C and 1
atmosphere pressure.

to form NO, plus CO, and an alkyl
raclical (see Fig. 3). PAN formation
depends, therefore, not only on the
peroxvacetyf radical concentration,

“but also on the NO:NO, concentration

ratio. The predicted NO:NO; concen-
tration ratio is also shown in Fig. 6. As
the air parcel passes Zirich, it gathers
the morping rush hour emissions
which are rich in NO, possibly causing
the defay in the peak PAN concentra-
gon on 26 July.

The predicted PAN concentrations
can be compared with measurements
conducted during the Pollumet exper-
iment {11}, The modelled concentra-
tons agree well with measurements
conducted at Dibendorf. Measure-
ments of PAN at Ligern and Diben-
dorf during July, August and Septem-
ber in 1987 and 1988 [13] show that
the monthly mean and maximum PAN
concentrations were 0.28-0.45 ppb
and 1.43—4.40 ppb, respectively. The
medel predictions are consistent with
these observaticns.

Hydrogen peroxide

Hydrogen peroxide generation s
shown in Fig. 7. The maximum con-
centration due to photechemical reac-
tions is predicied to occur late in the
afternoon and persist into the early -
evening. The hydrogen peroxide con-
centrations on 27 July are greater than
on 26 July. The NO, emissions from
Zirich have probably depressed and
delayed the predicted pesk concentra-
tion on 26 July. Hydrogen peroxide
production decreases as the intensity
of sunlight decreases.

The H;O, concentrations predicted
by the model show a similar divmal
variation, but is grealer than ground
level measuremenis conducted during
the Pollumet experiment at Schiipberg
located northwest of Bern {14]. The
measured concentrations reach a max-
imum late in the afierncon (1-2 ppb)
and are near zero overnight. Altitude
profiles of the H,O. concentration
increase  with height [15]. As for
the measured ozone concentration,
the measured H>O, concentration at
ground level is more strongly influ-
enced by surface NO sources and by
dry deposition thun the concentrations
calculated by the model.
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Hypothetical Emissions Reduc-
tion Scenarios

The formation of ozone and hydrogen
peroxide depend on the absolute VOC
and NO, emissions as weli as the
VOC:NO, emissions ratio. PAN pro-
duction depends additionally on the
ratio NO.:NO, Isopleths of the predict-
ed phote-oxidant concentrations can
be used to predict the relative effec-
tiveness of different hypothetical emis-
sion reduction scenarios, In these
scenarios, the total VOC emission is
reduced, regardless of the differemt
potentinls  individua! organic com-
pounds may have for photo-oxidant
generation, and the NOGCO ratio
remains constant.

Isopleths contour  diagrams
showing the variation in ozone con-

are

centration with the emissions of NO

and VOC. Such dingrams can be used
10 predict the ozone conceniration in
response 10 changes in the emisson
levels of NO, and VOC. Isopleths of
the maximum ozone concentration are
shown in Fig 8. I the isopleths were
constructed in three dimensions, a
ridge would be observed along the
diagonal line marked on the plot
When VOC and NOQ, emissions are
recduced such that their emission ratio
follows the gradient of the ridge, the
predicted ozone concentration also
decreases. If the VOC:NO, emission
ratio is greater than the ridge line
value, as is the case for the present
study, the predicted ozone concentra-
tion is not very sensitive to the VOC
emission levels though lowering NOy
emission levels reduces the modelled
ozone concentration. Lowering the
emission rates of hoth VOC and NOy
simultaneously, reduces the predicted
ozone concentration. Whereas if the
VOC:NQ, emission ratio is less than
the ridge line value, the predicted
ozone conceniration decreases if the
VOC emissions are reduced and in-
creases as the NOx emissions are
decreased. The results of the emission
reduction scenarios apply only to
the calculated maximum concentra-

tion under the specific conditions of

the model. Fig. 9 shows how emission
reductions are predicted to affect the
ozone concentration at different points
along the trajectory.
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Ozone concentration isopleths of the peak ozone concentration {ppb), at 19:00 hon 26 June

as a function of VOC and NO, emissions.

PAN formation is reduced as the ratio
NO:NOa is increased, as shown in
Section 4b above, Owing to the cyvclic
nature of atmaospheric reaction mech-
anisms (Fig. 3), it is not possible to
conirol PAN production by manipulat-
ing the NO:NQO; concentration ratio,
The PAN concentration is predicted 10
decrease with lower VOC (peroxy-
acetyl radical precursor) and lower
NO, emissions.

The highest concentrations of HaO»

are generaied at the highest levels of

VOUC emission, and the peak hydrogen
peroxide concentration increases as
NO, emission levels are decreased
(see Fig. 10). This happens both
because larger VOC emissions lead to
increased HO» generation and be-
cause of the competition between the
interaction of two HO, radicals leacling

10 HaOs and the reaction of HO» with
NO (see Fig. 3). According to the
maodel calculations, the most effective
control strategy 1o reduce HOs formu-
tion is to recduce VOC emissions.

The photo-oxidant concentrations
predicted by the model are not very
sensitive o emissions reductions, For
example, halving the VOC and NOy
emissions reduces the peak ozone
concentration by only 13%, while the
peak hydrogen peroxide concentra-
ton remains almost unchanged. 1f
emissions over the Swiss Plateau could
be completely eliminated, the peak
ozone concentration would still be 70-
80 ppb. These predictions point to the
need for pan-Europesn action (o re:
duce photo-oxidant levels over the
Continent.

Fig. 9 100
The influence of hypo-
thetical precursor
emission reduetions in
Switzerland on the
predicted ozone concen- ___ 80
tration along the trajec-
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H,Q; concentration isopleths of the peak H,0, concentration [ppb) at 19:00 h on 26 June as

a function of VOC and NO, emissions.

These predictions concern  only
summer smog conditions on the Swiss
Plateau, becuuse other conditions may
bring a different pollutant matrix into
Switzerland at other times of the year.
For example, Fohn winds may cary
poilution from norihern laly 1o the
Swiss Plateau,

Conclusions

The results and conclusions from this

modelling study apply to summer

smog conditions on the Swiss Plateau
under high pressure weather sysiems
with weak northeasterly winds. The
results of the model calculations show
reasonable agreement with concenira-
tons measured during the Pollumet
experiment. While the absolute mag-
nitucle of the concentrations was not
always accurmely  reproduced, the
model faired better as far as the diurnal
patterns were concerned. Calculations
conducted with hypothetical emis-
sions reduction scenarios demonstrate
that European-wide action to conirol
VOC and NO, is necessary to achieve
significant reductions in the concentra-
tions of ozone, PAN and hydrogen
peroxide.

In response to emissions reductions,
the predicted ozone concentration
decréases if NO, emissions are re-
duced while the predicted H,O, con-
centration increases with decreasing

NO, emissions. The model results

22

inclicate that VOC and NO, emissions
shouid be reduced simultaneously o
improve air quality. When considering
the most effective measures to combat
summer smog, the production of all
photochemical pollutant compounds
must be mken into account as action
taken to reduce the level of one
component may lead to enhanced
fevels of a second component.
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Sustainable

Focus of EAWAG Research’

lanage:

ent @‘E Resources

- set on the example of natural waters and anthropogenic sediments

Status quo

Since the middie of the last century,
inclustrialized countries have faced
ever more complex environmental
problems. Specific concerns that were
once confined o a limited area — such
as community hiygiene, contamination
of nawral waters or localized air
poliution ~received priority. Technical’
remedial measures were developed,
which, o some extent, were guite
successful. But the dynamic develop-
ments in technology and the economy
continuously created new and unfor-
seen environmental challenges.

In recent vears, it has become
evident that environmental problems
affect all parts of the natural environ-
ment and that they have often become
far-reaching with respect to area and
time, Development in the puast decades
has occurred to a luoge extent at the
expense of natural resources. Several
regions of the world are already
subjected 1o disastrous environmentzl
conditions and many areas are afflict-
et by famine. Population explosions
and economic repercussions will con-
tinue o exert pressure on the environ-
ment. If we are unable o change the
cour;;é of recent developmenis, we
must be prepared 10 reckon with
catastrophic regional and global col-
lapses. :

Today, the idea that sound straie-
gies for environmental protection and
long-term  sustainable development
are indispensable, seems to be gener-
ally accepted. Despite this knowledge,
however, atlempts at environmental
protection are predominantly aimed at
single threats. There is a general fack
of concrete ideas about the kind of
development we can sustain, and, in
turn, the ways by which basic human
needs (and those of other forms of life)
can be satisfied in the short- and long-

terms. Taking into account that the

natural environment, resources and

society are musually linked, it is clear
that new approuaches are needed.

Various principles have been postu-
lated as the starting points for sustain-
ability — for exampte. from the point of
view of the management of resources
and of environmental problems (Her-
man Daly):

o The rate of exploitation of renewy-
ble resources should not exceed
their rate of regeneration.

e The rate of reduciion of exhaustible
raw materials should not exceed the
rate of synthesis of raw materizls by
regenertive resources,

= The me of emission of polluants
should not exceed the capacity of
the environment to remove poliut-
ants.

Motivation and Objectives

This postulate and the principles of
sustainability are valid globally, na-
tionally and regionally. Special impor-
tance is attached o the region. This is
where people live and orient them-
selves; where they are directly and
actively in touch with their environ-
meni. Concrete approaches for sus-
tainable management of resources
can, therefore, better evelve within the
limits of a region rather than globally.
If there is no sustainability in a region,
it will have adverse effects on other
regions. If many regions do not exhibit
sustainability, the consequences will
affect the networks of nations, conti-
neats and the world as a whole,
Sustainable development touches
on a problem of the highest complex-
ity; on an existential matter of civiliza-
tion. Tackling this problem is a major
challenge for society and science, The
EAWAG wanis to make a contribution
to it through its focus of research. The

! The program description was developed by Ueli Bundi (project coordinaton. wogether with Peter
Baccini, Markus Bolier, Roland Scherendeib, Wolfgang Schilling, René Schwarzenbach and

Mexander Zehnder

Focus of EAWAG Research:
14993-1997
The EAWAG waints to make a contri-
bution to solving wrgen! environ-
mental probiems and help to put
the concept of sustainable resource
mandgement into practice.  The
Planned projects are consistent with
crerrent activities of the EAWAG, but
reqieive additional expertise as well:
consequently, a strong participa-
tion from external pariners from
research centers, government dagen-
cies and the private sector is sought.
Such cooperation is indispensable in
the development of new approcches
Jor the protection and maneagentent
of environmental resources.
Cousidering the complexity of this
endeavor, the description presented
here is meani to serve only ds d
“definitian of limits”, The concepts
will be developed as the process
evolves: the projects of research shall
be conceived, carried out and mu-
tially linked through an inten-
sive interaction between the project
managers aid researchers - an
approach deemed vital in the sic-
cessfid execution of 1his mission.
Lleli Bundi

EAWAG starts within #ts own sphere of
competence — which should be ex-
panded through cooperation with oth-
er institutions and groups. Research
shall be concentrated on small, survey-
able territorial units, viz, regions of
limited dimension {dozens - hundreds
of square km) With regard to the
manifold requiremenss of sustainabili-
iy, research will be undertaken from
the point of view ol the natural,
engineering and social sciences, and
the humanities.

EAWHG Focus of Reseairch: There is a
wide spectrum of factors that are
relevant o the sustainable develop-
ment of a region. The environmental
problems and management concepts
for waste sites, contaminated soil and
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The 3 Subtopics

" Integration

Subtopic Research Areas

The Subtopics are linked by:

Faormation, sanitation
and utilization of
anthropogenic sedi-

ments sediments

Old and new waste sites,
contaminated soils and

+ the commeon research regions

« the medium of water, which

demonstrates the relationship

between humans and thelr

Ground water and its
relatipnship to
zdjacent areas

impairment, pro-
tection and utilization
of ground water

environment

» the paralle! development of

research questions with respect to

Function of natural
waters In the natural
materials balance and
in the human-environ-
ment relationship

dium for life and as an

and human resources

Natural walers as a me-

element of ecosystems

social sciences and the humanities

« the mutual linking of results and the
development of regional strategies
for development

Table 1

The EAWAG Research Focus “Sustainable Resource Management - the example of water
and anthropogenic sediments”, organized in three subtopics and one integrative part.

sediments, and polluted ground water
shali be deah with specifically. The
general aims of this research are:

develop  direcly  applicuble
methods and generalizable princi-
ples in order o solve und prevent
environmenta] problems, as well as

o T

for sustainable regional manage-
ment of resources

s To develop the impetus for overall
sustainable regional development

<

Contents and Structure of Re-
search

A Swiss region will serve as the object

of the research, Anintensive exchange

of scientific ideas shall be maimained

with analogous bodies  inside and

outside of Switzerland. The following

criteria should be met by the region:

» Presence ol subregions that are
close to natural areas and presence
of subregions that are used inten-
sively

a Prevalence of typical problems asso-
ciated the
contaminution of ground water as
well as conflicts regarding the use of
natural waters

o Little influence from neighboring
regions

» Presence of a sound basis of data
about anthropogenic activities and
natural resources and their historical
development

» Interest shown in the project by
regional and cantonal authorities

o The possibility of participation of
regionally important companies

with waste sites and
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If necessary, other regions shall be
inchuded to clarify the general applica-
bility of the resuits from this research,

The investigations will be divided
into three subtopics and one integra-
tive area (see Table 1)

integration

Project management and coordination
constitute the integration. The general
concepts will be formulated and data
for o complete description of the
region will be acquired. Findings from
the subtopics with regard 10 the
outlining of strategies for sustainable
management of resources and region-
al development wili be combined with
respect to the following interrelation-
ships and investigations:

s Deduction of common principles for
sustainable management of resourc-
es

» Analysis of historic and current
examples of the nonsustainable us-
age of resources and regional devel-
opment

* A systems analysis of the area of
resedrch: description and quantifica-
tion of the development of anthro-
pogenic activities, natural resources
and their usage, as weli as of the
hydrological and material cvcles

» A complete description of the re-
gional interaction between human
activiies and needs, the state of
natural resources und the hydrolog-
ical and material cycles

e Combining the knowledge gained
from the subtopics for the concepiu-

alization of sustainable management
of resources

» Development of options and strate-
gies for regional development

Subtopic 1: Formation, Sanitation
and Use of Anthropogenic Sedi-
ments

Motivation and objectives
In the past several decades, all in-
dustrialized countries have produced
wastes and  contaminated  soils. As
waste disposal sites exhibit a poiential
to release hazardous chemicals, they
pose @n acuie or latent threat for the
local and regional biosphere. Tnitial
gstimates conclude that in the 1990s,
1300-10.000 Sfr per capita will have to
he spent on the sanitation of waste
disposz! sites. depending on the re-
gion. At present. the market offers a
wide range of solutions in the field of
process and construction engineering:
however, there are not enougl ecolog-
icil concepts and eriteria available o
judge whether these methods and their
combin:tions are suitable and effi-
cient.

New wiste disposal sites are contin-
uousty created in many countries as
the waste processing there does not

-yet produce deposits entailing quali-

ties of “final storage™; therefore, there
is a danger that the sanitation of waste
sites may become a permanent, expo-
nentielly growing problem. This s
because measures are tiken solely 1o
solve acute problems {e.g., Superfund
program in the USA), whereas long-
terre problems are heing underesti-
mated.

Another important and equally un-
derestimated problem is the social
compatibility of sanitation projects and
new waste sites. The investigations
shall result in basic principles and
approuaches founded on environmen-
tal sciences; namely:
= Criteria for the deposition of materi-

ais in a given area and for assess-

mernyt of technical procedures for the
sanitation of waste sites

» Methods and strategies for the de-
sign of environmentally acceptable
waste disposal sites, the compo-
nents of which can be used again as
resources
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Methods

Waste sites ~— selected existing waste
disposal sites and planned waste dis-
posal sites will serve as research
objects. Vasious research groups from
universities, research and develop-
ment groups of the privice sector and
the community shall participate. What
is essentially being referred 10 is to
achieving the aims by way of an
iterative method including field stad-
ies, process engineering and computer
modelling of processes ~ o aim ai
creating and using synergisms  be-
tween groups working in the fields
of sanitation and and new deposits
(which are still operating separately}.

Expected resuits and effects

We anticipate the acquisition of knowl-
edge for future sanitation of waste
disposal sites and formation of new
deposits on the basis of sound criteria
and methods in the fields of natural,
engineering and social sciences. in
addition, the objects worked on may
serve as models and exemplary stuclies
for educationzl purposes.

Subtopic 2: Impairment, Protec-
tion and Utilization of Ground
Water

Mativation and objectives
Ground water is formed by the natural
and artificial infiltration of fin and
surfuce waters, In many places, itis the
only source of drinking water. The
increasing poilution of the atmos-
phere, soil and surface witers with
anthropogenic inorganic and organic
materials has led 1o a seriousty reduced
quality of ground wuer. Moreover,
quantitative impairment exists in many
areas because new ground water
supplies have been decreased due to
the sealing of the surfaces of infilira-
tion (settlements, roads, silting of river
heds). The effects of anthropogenic
material fluxes on the quality of
ground water depend on many phys-
ical, chemical and biologicat processes
influencing one another. There is still
insulficient knowledge of these proc-
esses (0 be able to assess the potential
clanger of different sources of contam-
ination.

This research project shall provide
data and methods to assess anthropo-

Anthropogenic Activities
and Resource Management
Regional Ecosystem

Surface Waters,
incl. vegetation
along shorelines — ™

Sl EEFEEEEE
o ==

The three subtopics of the EAWAG Research Focus and their interrelationships.,

genic damage and protect ground

waler: namely:

o A better understanding of the mech-
anisms and inferactions of mujor
processes influencing the distribue
tion and fate of polluiunis in the soil

s Development of methods 1o esti-
mate the consequences of different
sources and types of contamination

= Estublishment of criteria for ground-
waier compatibility of soif usage and
contamination under different natu-
ral conditions

= Institution of measures {or the pro-
tection of ground witer and for the
sunitation of impaired aguifers

Topises of research

e Chemical and biological processes
at interfaces: processes of sorption,
dissolution and precipitation; abi-
otic and biological ransformation
processes

e Geological, geochemicaland hydro-
dvnamic characterization of aquifers
and zones of infiltration (in saturated
and unsaturated soil}

e Influence of soil utilizadon and
damige on the physical, chemical
and biclogical processes in zones of
infiltration

o Influence of usage on the
formation ol ground water

o Development of models to describe
underground chemical and biologi-
cal processes; linkage of these mod-

50ik

els with physical models of wrans-
porL.

Practical applications

o Delivering & basis for decision-
muking with regard 1o the artificial
infiltration of metecric waiers

s Counseling on julgement and risk
analysis of contaminated conditions
of ground water {accidents, depos-
its. impairecdd surface waters), on
planning meuasures for the protec-
tion of ground water and on ground-
wiler sanitation

= Identifving the requirements for
the groundwater-compagible man-
agement of soil under different
conditions

Subtopic 3: Functions of Natural
Waters in the Natural Environ-
ment and in Human/Environment
Relations

Motivation and objectives

Drinking water and natural waters play
a very essential role in the natural
balznces, economy and human well-
being. During the course of time, the
natural water balance, the quality of
water and the network of nawural
waters have been markedly changed.
Until now, methods to protect natural
waters concentrated on the reduction
and prevention of local problems; in
view of a sustainable regional devel-
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opment, hardly any knowledge of the

functions and forms of hydrological

and aguatic systems exists, Research
should inciude ihe following:

» Anulysis of relations between an-
thropogenic activities, the natural
water balance, and the state and
funciion of natural waters in regions
under the influence of different
geographical, economic and socio-
cultural conditions

= Identilication of the requirements of
sustitinable use and development of

natural waters

» Development of methods for the
integral protection and environmen-
tally friendly utilization of natwral
wiilers

Contents of research

» The significance of natural waters as
a network of habits and for the
natural environment of regions

o The role played by natural waters in
the economy and for human well-
being

» Meeting ecologically and ethicully
mativaied requirements with regard
to natural waters and hydrological
systems

s Direct and indirect effects of the

usage of natural waters and of

anthropogenic activities on the re-
gional water balance and the state
and function of natural waters

o Significance of changes in natural
waters for the planning of anthropo-
genic activities and for human well-
being

o Economic and socio-culturmal impli-
cations of attempts at a sustainable
development and usage of natural
aLers

* Options for sustainable interaction
between society and natural waters.
(Research shall at first be done in a
Swiss region)

Anualogous studies will be launched

and supported in foreign regions (e.g.,

Eastern Europe, Third Workl coun-

tries).

Expected results and effects

e Formulation of the characteristics
and p'ossil)ilities of interpretation
of sustainable utilization of natural
wilers

» Establishment of criteria for the
assessment of the regional eco-
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compatibility of the usage of natural
witlers

s Concepts for the planning of region-
al ecological networks

= Impulses 1o initdate sustainable re-
gional strategies for the protection
and usage of natural waters

Schedule and Financing

1993 Formaiion of committees for

project management. Choice of

region and object of research.
Publishing of the research pro-
gram, Review by experts and
granting of project requests.
Formation of teams including
external participants, Making re-
quests for funds by other means.
Launching of research projects
{pre-projects and main projects)
in the integrative part and three
subtopics,

1994—Work on the main project, Paral-

1996 lel to research experiments in
the subtopics — research on their
mutual connections will contin-
ue in the integrative part.

1997 Concluding syntheses, (i.e., for-
mulation of concepts for the
sustainzable management of re-
sources and for regional devel-
opment.)

The EAWAG intends 1o invest approx-
imately -2 million Swiss francs (1015
person-yeiars per vear plus expenses)
for its focus of research every year, In
addition, requests for other means
worth 0.3—0.5 million francs shall be
made @ institutes encouraging re-
search, and other interested official
agencies, also in the private sector. We
want to foster active participation from
external groups of research instituges
and the private sector — for those pares
of research that lie outside EAWAG's
sphere of competence. 1t is assumed
that contributions by external pariners
will be made at their own expense,

Management

Each subtopic will be uccompanied by

a committee of 2—4 persons. The msks

of these committees will include the

foliowing:

» detailed description of the contents
and topics of research

o establishing and maintaining con-
tacts with external partners

o assessment of project reguests Lo the
care of the project management

o coordinating projects by encourag-
ing an exchange of information
hetween various teams

o professional assessment of results of
the projects

Integration
The project management for the entire
project will be comprised of delegates
from the subtopics and 1-3 other
individuals. Their tasks include the
following:
e Graniing requests for research (in-
cluding the "EAWAG Conference”)
o Coordinating the external financing
of projects
+ Coordinating subtopics and encour-
aging the mutual exchange of ideas
¢ Conceiving and supporting the inte-
grative projects and research work
o Distributing assignments in order 1o
work on specific aspects of the
entire project (inciuding the EAWAG
Conference)
The project management will be sup-
ported by one individual who will
accomplish the task of coordination
and integration, as well as mainiaining
goad reluions with external authori-
ties. '

Advisory committee

An advisory committee comprised of
approximitely five experienced scien-
tists will assist the the project manage-
ment tewdm.

Cooperation and participation
Reseurch will be intiated by the EA-
WAG. Its expert groups will all partic-
ipate in at least one of the subiopical
areas. A participation of other author-
ities s imperative including univer-
sities, research centers, government
agencies and private companies, Sci-
entific contacts with analogous institu-
tions abroad will be established, Exter-
nal partners will participate in the
research with their own sources of
financial support. They should be
represented in the managing commit-
tees of the subtopics and of the entire
project.

Ceordination: Walter Wagner
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PEAK": EAWAG's Environmental
Education Progra

In September, the Swiss Federal Institute for Environmental | iniegrated  environmental  man-
Science and Technology (EAWAG) and the Swiss Federal Institute
of Technology in Zirich (ETHZ} jointly initiated a new training
program: courses in environmental science offered to specialists | Applied courses

from industry and government. The courses aim to transfer state- | Lectures and practical work in the
of-the-art knowledge obtained from research at the EAWAG and | labaratory and field (1-2 weeks).
ETHZ to professionals working on environmental issues. The | The number of participants is
objective of the program is to integrate environrmental protection | usually limited to 20.

and collaboration beyond the boundaries of disciplines and | Objectives: The participants will
institutions. gain knowledge and practical abil-
ities 10 recognize, prevent and
recduce  environmental  degrada-
tion.

Participants: Applied courses are

agement.

Participants: Scientists, consuil-
ants, engineers, administraiors,
and managers from government
and industry working in environ-
mental protection. The official
fanguage for all courses is Ger-
TN, Basic courses

Types of courses

PEAK offers three types of courses:
basic, advanced and applied as
described below.

for specialists working in the field
covered by the course topics, The
course contents should be of direct
practical use in the daily work of
the participants.

In acldition 1o these three types of
courses there is a so-called “Info-
day”, a one day meeting at which
EAWAG researchers from various
groups present study resulls per-
taining to a current environmental

Mainly lectures (-3 duys}

Objectives: Lectures on buasic sci-
ence needed to understand envi-
ronmental problems as well as
structures and processes of natural
angl artificial ecosystems. Contents
are comparable 1o those of gradu-
ate courses in environmental cur-

Purpose and toprics: The objeclives
of the program are to communi-
cate knowledge and skills from
science to those working on
practical environmental problems
and o enhance the dinlogue be-
tween researchers at the EAWAG/

ETHZ and environmental special-
ists working in industry and ad-
ministrative posts as well as be-
rween the participants themselves.
The course topics reflect the cur-
rent research activities and aim to
keep pace with the newest devel-
opments.

Participation and credit: Enrol-
ees are given the opporunity 1o
cominunicate their experiences to
their colleagues and to the lectur-
ers and 10 discuss problems. Ex-
aminations may be given in order
to prove acquired knowledge and

ricula st universities.
Participants: Environmentad spe-
cialists wishing to refresh their
knowiedge of environmentzl top-
ics.

Advanced courses

Lectures, exercises, practical work
and excursions (2-3 days). A Hm-
ited number of participants is
given the opportunity o add a
week of practical worl.
Objectives: Examples and case
stuclies are used to present an
integrated view of environmen-

problem. Proceedings of this an-
nual conference are published in
EAWAG news.

Research areas at EAWAG

I is anticipated that maost of
the research activities of EAWAG
will eventually be developed into
PEAK courses.
1. Fundamenial Sciernices in Envi-
ronmental Protection
Aquatic chemistry, physics, biol-
ogy. microbiology, modeling,
statistics, ecology, ecotoxicolo-

obtain credits comparable to those
of the Ewropean Credit Trans-

gy, civil and chemical engineer-
tal problems. The recognition of ing.

fer System (ECTS). Ten hours of | stress symptoms as well as the | 2. Methods to Assess and Charec-
course time corresponds to one | understanding of their causes and terize Natural Systems

crecdit. Each course announced | effects are shown. Preventive Chemical, biological, and micro-
in the PEAK-program can be at- | measures and technical sohuions hiotogical sampling and analy-
tended independenty, provided | to the problems are discussed. sis, data analysis, material and
the specific requirements for that | Participants: Environmental. spe- encray flow analysis, physical
course are fulfilled. The partici- | cialists wishing to further their measurements, interpretation of
pants receive documentation for | understanding of specific prob- results,

each course. lems and io learn more about | 3. Eneirainmental Technologies

Water resources management,
waste disposal, wastewater pu-

U PEAK stands here for the acronym of the german expression for the courses i EAWAG:
Pruxisorienticric EAWVAG-Kurse
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PEAK Program for 1993-94

13-17 September 1993

Applied course A1/93

14-16 September 1993

Advanced course V1/93

21 September 1993

infoday 1893

"16-17 November 1993

Basic course B1/93

23-25 March 1994

Applied course A2/94

12-14 April 1984

Advanced course V2/94

15-16 June 1994

Basic course B1/94

6-8 September 1994

Advanced course V3/94

20 September 1994
Infoday 1894

The significance of stream morphology and typology of
water for organisms '

Lectures and practical fieldwork to assess the importance of
stream morphology for stream dwellers and its interconnec-
tions with the surrounding landscape.

Course directors: Tom Gonser, Rudolf Milller, Armin Peter

Development and implementation of new quality criteria in
waste management

The final storage quality of municipal solid waste bottom ash.

Course director: Peter Baccini

From environmental protection to integrated environmental
management

Systems oriented approach in theory and practice

Conference directors: Theresa Bisser, Peter Huggenberger

Structures and processes in aquatic systems

Actualizing the relevant chemical, physical, microbiological,
and biological knowledge for practical problems.

Course directors: Elisabeth Mevyer, Alfred Wiest

Analytical chemistry of poliutants: concepts and methods

State-of-the-art chemical analyses of water, soil and air: from
sampling to data processing.

Course director: Walter Giger

Metals in the aquatic environment

Fundamentals of chemistry and ecotoxicology of metals in
aquatic systems. Behavior of heavy metals in waters and
landfills. Evaluation of metal pollution,.

Course directors: Renata Behra, Annette Johnson, Laura Sigg

Integrated environmental protection: basic principles,
uncertainties and management scenarios

Knowledge gained from the natural sciences are combined
with approachesinthe social sciences and the experience from

-water protection practice. Together they lead to new concepts

in environmental protection.

Course directors: Ueli Bundi, Giulio B Genoni, Bernhard Truffer

Organic pollutants in the environment

Transport and transformation processes of organic chemicals
in aquatic systems. Ecotoxicological effects ofthese chemicals.

Course directors: Werner Angst, Hanspeter Kohler

Natural and anthropogenic deposits - conseguences for
environmental development and technology
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rification, <irinking water prepa-
ration, remediation.

4. Crrrent Environmental Prob-
lems
Accidental spills and catastro-
phes (scientific evaluation), leg-
islative changes, social and po-
litical aspects, concepts and so-
tutions for current problems.

3. Goals and Strategies of Environ-
mernicl Protection
Case studies, environmentasl
quality criteria, legislution, plan-

ning and implementation, free
muarkel instruments in environ-
mental policy, implementation
aspects of sustainability,

Information

PEAK was first announced in July
1993. The program will be updat-
ed every vear and each course
will be announced separately a
few months ahead of time. The
program is also accessible via

EAWAG Information Day 1993

Videotex (66225 or *agora=), the
Swiss  telecommunications  net-
worl. Those who are connected 1o
the ETHZ network can use the
“ezinfo” system for thelr inquiries.
For more information call or
wrie:
Herbert Grittinger  01/823 50 23
Heidi Griber 01/823 33 98
FaX 01/823 33 98
PEAK. c/o EAWAG, Uberlandsir
133, CH-8600 Dribendonf.

“From Environmental Protection to Integrated Manage-
ment: Systems-Oriented Approaches in Theory and

This vear the Swiss Federal Insti-
e for Environmental Science
and Technology (EAWAG) again
hosted: an “Infoday” which tool
place on 21 September 1993 at the
ETH in Zirich.

Presentations focused on cur-
rent developments in fundamental
and applied aspects of environ-
mental science. In pursuing iis role
of linking research with prac-
tice, EAWAG co-workers discussed
general experiences as well as
the resulis of specific projects to
an audience engaged in practical
work and interested members of
the scientific, economic and politi-
cal communities.

in the next issue of the EAWAG
news, you will find the condensed
presentation of the lectures.

Practice”

Alexander J.B. Zehnder

Ciaudia Pahl, Carle C. Jaeger

cal Considerations
Herbert Glttinger

Torm Gonger

Peter Baccini

Remediation
Jan Roelof Van der Meer

Walter Giger, Alfredo Alder

Roland Schertenleib

Ueli Bundi

Infoday 1993: Lecturers and topics

Demands and Theses for the Future Environmental Development
Risk Communication: The Example of Climate Change

How much Stress can Organisms and Ecosystems folerate? Ecotoxicologi-

The Significance of Stream Morphology for Egosystem Functions
First Steps to a Sustainable Regional Resource Management
Water Quality Criteria for Metals in Running Waters
Renata Behra, Giuko P Geneni, Laura Sigg
Possibilities and Limitations of Biotechnelogy in Environmental
Detergents and the Environment: From End of Pipe to Preventive Measures

Environmenial Problems in Developing Countries: A Question of Survival

Insight Demands Action - Consequences for the EAWAG

Canton Representatives Meet at EAWAG

In  Switzerland, the “practice”
of environmental conservation is
principally incumbent on the can-
tons; therefore, it is important that
the partnership between the re-
sponsible cantonal departments
and the EAWAG functions well. In
order to sirengthen this relation-
ship, the EAWAG organized a one-
day information and discussion

conference on 27 May 1993, This
event evoked positive interest and
about 70 participants from nearly
every canton tock part.

Through various presentations.
the participams were afforded in-
sight into the organization and
areas of activity of the EAWAG.
Understanding of roles on both
sides and strengthening of their

work together were the chief
topics of the discussion. It was
clear from the meeting that last-
ing progress in environmental-
ly friendly development can be
achieved only by the cooperation
of government, business, industry
and science.

29



EAWAG News 35 E, February 1884

30

New at the EAWAG

The Human Ecology Research Group

Once upon a time, there was
a4 scientific research expedition
deep inthe Antarctic. These coura-
geous men and women were busy
exploring the atnosphere. One
day they discovered a “hole” in
the ozone layer. When they pub-
lished this discovery it caused
greag anxiety everywhere. All over
the world, other research groups
were put inte action to investigale
the causes and possible effects of
ozone depletion. The researchers
found that it was caused by chlo-
rofluorocarbons and that it caused
serious damage 1o health. All the
influential people in the world
came together at a big confer
ence and decided on an immedi-
ate worldwide han on CFCs. As
a consequence of this decisive
measiire, the ozone of the deplet-
ed area regenerated again and
everyone lived on {(and did re-
search) happily and contenvedly.

We all know that it doesnt
exactly waork like this. More un-
clear, however, is how it really
worls. More concretely, we ware
iaiking abouwt what causes the
global destruction of the envi-
ronment and how a conversion
1o environmentally more friendly
economies and lifestyles can be
realized. Of course, most people
suspect now and then that others
are 10 be blamed for this miserable
sitpation. Researchers suspect that
the results of their work ure not
carried out in the right way by the
politicians. Politicians criticize the
omission of social acceptability in
the solutions to these problems as
proposed by the scientists. The
public feels it is “out of its league”
in the world of scientific jargon. 5o
no one feels responsible and all
continue as before, even if so with
a growing feeling of anxiety. Once
in a while a single effort enables
one to come closer to a solution to
a certain environmental problem,
butat the same time, Iwo new ones
crop up somewhere else,

Formulating research Ques-
tions in Human Ecology

It is natural that one does not only
investigate environmental prob-
lems from the point of view of the
environment but also from that of
the people who perceive, cause
and maybe even solve the prob-
lems. This is where our working
group in human ecelogy comes in,
We investigate questions such as:
“When and by whom is a phenom-
enacn perceived as an environmen-
1l problem?” “How does environ-
mentally relevant information get
cdisseminated?” “What triggers en-
vironmengally relevant behavior?”
“Under what conditions do envi-
ronmentally relevant processes of
innovation get inititted?” These
questions refer to systems of hu-
man ecology; that is,
which include people, social struc-
tures and cultural rules which are

systems

embedded in a2 specific area of

material reality and encompass a
dynamic diversity of human rela-
tionships to the environment.

Such systems are hest siucied
within the context environmental
problems. Currently, we are inves-
tigating the social aspects of im-
pending climatic change. In work-
ing on the social aspects of climatic
risks, we intend to contribuie 10
the competence of the EAWAG to
present viable and consolidated
propositions in the debate center-
ing around global change and thus
facititate  the development and
implementation of solutions.

We assume that, although im-
pending climatic changes are a
global problem, real solutions can
only partly be achieved through
global decision-making. This is so
because, among other reasons,
the solution o the environmental
problems of today requires a tran-
sition to a sustainable economy
which cannot just be developed
on the drawing board. It is more
important to try out diverse strate-

gies and to facilitate the break-
through of viable concepts for
solutions by means of an evolu-
tonary process. Single nations and
regions are more often uable to
underiake such a step than the so-
called “global community™.

The concept of a regionzl focus
fits in well with the EAWAG's
priority research  program  on
sustainable  water management,
which also encompasses the pos-
sibility of developing collabora-
tions with various other depart-
ments of the EAWAG., One such
collaboration already exists with
the Department of Environmental
Physics on the investigation of
environmental risks. There is also
a natural affinity 10 the IRCWD
sith which the Human Ecology
group shares the C-floor in the
Chriesbach building. For both
groups, environmenial problems
are ciosely linked w0 the fate of the
affected peoples.

Current projects

Two specific research  projects
concerning  climatic risks  have
been initizted. The first investi-
gates the perception of climatic
risks in the Ticino and the Sursel-
va within the Tramework of the
Swiss National Research Program
No. 31 “Climatic Changes and Nat-
ural Catastrophes”™. Private house-
holds, companies and  political
institutions are being asked to
complete a questionnaire that asks
the respondents to evaluate how
they perceive environmental risks
and in which way do possible
pathways of communicating risks
appear through which potitics,
business and private life can worl
together at solving 2 problem.

In another project, innovative
processes are being  investigat-
ed using the examples of “Elec-
tric Vehicles” and ~Decentralized
Working Places™ which are rele-
vint with respect to the reduction



The Human Ecology Research Group

of CO, emissions. This project is
also based on a regional view-
point. It is a part of the project
package “"CLEAR - Climate and
Environment in Alpine Regions”
within which questions of climatic
change are being investigated in
the framework of Module 1 of the
National Priority Program Environ-
ment. Researchers involved come
from the fields of atmospheric
physics and climatology, biology
and systems ecology, the social
and economic sciences from the
EAWAG, the ETHZ and cantonal
universities and research insti-
tuies. The Human Ecology work-
ing group at the EAWAG has taken
over the coordination of the whole
research effon,

Members of the Human Ecol-
ogy Research Group

The Human Ecology Research
Group is interdiscipinary. The cus-
rent team consists of nine individ-
uals, four women and five men,
euach of whom is briefly introduced
below.

Carle faeger, the head of the
Human Ecclogy research group,
is a sociologist who graduated
in economics and is a university
lecturer in human ecology. He
has worked on several research
projects on the social aspects of
new information technologies and
has long been interested in ques-
tions of social theory. He heads the
teaching committee in the ETH
Departnent of Ecological Sciences

and is a member of the board of

the department. He is married and
the father of two children. He likes
10 be with nice people at work and
in his free time.

Gregor Diirrenberger is the op-
erational head of research of the
Human Ecology research group.
He is a geographer, having stucied
natural sciences at the ETH. Af-
-ter his dissertation on territoriality,
he spent a postdoctoral vear al
the University of Newcastle upon
Tyne (UK). His research focuses
on the regional aspects of global
climatic problems. Over the past
few years, he has been working on

urban development and cultural
evolution. He is a lecturer in the
Depuriment XB at the ETH. In his
free time, he studies the practical
aspects of enology.

Soan Davis moved to Switzer-
iand after receiving a Ph.D. in
chemistry in the USA. Subsequent-
ly she began her work at the
EAWAG on the aquatic chemisiry
of rivers and streams, in order to
be able o investigate the causes of
chemical pollution and to convey
this knowledge to others more
effectively, she joined the Human
Ecology research group this past
year. Apast from her research, she
lectures on problems of agquatic
ecology and on environmental
systems at both the ETHZ and the
University of Zirich.

Berithard Truffer is a geogra-
pher and was an assistant at the
Geographical Institute of the Uni-
versity of Fribourg (Switzeriand).
His recently completed his doctor-
al dissertation and investigated the

theoretical determination of the
price of land and its significance
for the development of today's
cities, His scientific interest centers
on econoinic, technological and
social potentials for change which
could lead 1o the sustainable de-
velopment of 4 region, His current
research concentrates on poten-
tinls for change with respect to the
mobility of individuals with regard
to climatic risks.

Urs Dabinden is a sociologist
coordinator of the CLEAR
project, He has written a diploma’
thesis for his undergraduate de-
aree on the computerization of the
office which will appear shortly in
book form with the title “Chamele-
on Computer”. He is currently
working on a doctoral dissertation
on the social aspects of the green-
house effect. His hobbies include
biking and hang gliding.

Silvig Rotben is an economist.
After completing her undergradu-
ate diploma thesis, she worked for

and

e 2 &
From feft to right, in front row: Lisbeth Bieri, Silvia Rothen, Joan Davis, and
tarina Hubbuch
Back row: Bernhard Truffer, Gregor Diirrenherger, Matthias Wichter, Urs
Dahinden, and Carlo Jaeger.
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4 yvear on the development of the
fmpulse Program on Microelec-
tronics at the Federal Office for
Economic Policy, Over the last
three years she held an assistant-
ship under Prof. Gunter Stephan
the Institute for Applied Microeco-
nomics in Bern where she gained
experience in research and teach-
ing in environmental economics.
Her dissertation, swhich has juse
been published, analyses the pos-
sibility of reducing Switzerland’s
CO. emissions on a longterm
hasis.

Lisheth Bieri is a researcher
in the Humun Ecology working
group and is currently working on
a Swiss National Research Fund
project on climatic change and
regional development in moun-
tain areas, She has been active for

The Hmac is an international pro-
fessional exhibition for technolog-
ical and analytical methods in
chemistry and chemical biotecl-
notogy which is held annually in
Basel. [Imac '93 ook place from
10--22 October 1993, The organiz-
ers wanted to put an emphusis on
“teaching and research” and so
invited some 160 university and
research’ institutes from all over

Europe to make preseniations on
their study and research goals.

a number of years in the develop-
ment of the Surselva mountain
region, She has been involved
in studying the possibilities of
telematics for rural areas. As a
consequence, the swellite office of
Sumvitg was created among other
things. Further research interests
concern qualitative and quantits-
tive methods in social research.
Lisheth Bieri loves nicotine and
caffeine and hates asphalt testing
installations in front of her office
window, )

Matthias Weichter is a chemist
and wrote a diploma thesis on
questions  of  interpretation  in
quantum mechanics under Hans
Primas. He is indebted to him for
pointing attention o the strengths
and weaknesses, above all 1o the
limits of modern natural science,

Himac 1993

EAWAG showcased some sam-
pling techniques and analytical
procedures which were specifical-
ly developed for use in applied
ecology. , '

During Ilmac '93, the Analyu-
cal Chemistry section of the new
Swiss Chemical Society organ-
ized three specialists’ conferences.
The symposium, which was held
21-22 Gctober, was entitled * Polear
orgaiic polfutamts i the aquat-
ic environment: autometed moii-

Lo its aspect as myth and 1o its role
in today's ecological problems.
His doctoral dissertazion will also
confront these and other related
themes. Otherwise he enjoys life
ina colorful mixture of conviviality
and literature, mountains and riv-
ers.

Marina Hubbuch manages the
secretarial office of the Human
Ecology working group. This in-
cluades a4 number of organizational
duties; in particular, she controls
the coordination of the various
activities. She went to commercial
school after which she had several
secretarial jobs, mainty in the leld
of medicine. After a break of four
years as @ housewife and mother,
she hus been working in the
Human Ecology research group
since the end of 1992

toring at the trace level and fate
stuclies"and was largely based on
research camried out in the so-
calied Rbine Basin Program, In
addition to speakers from industri-
al laboratories, universities and
government institutions, EAWAG
researchers spoke about the re-
sults of their investigations, the
central theme of which was water-
soluble pollutants, some of which
are found in detergemns.
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New EAWAG Ordinance

On 4 October 1991, the Swiss
Parliament passed a new Law
concerning the Swiss Federal Insti-
tutes of Technology (ETH Gesetz).
This Law went into effect on 1
February 1993, after the legal
referendum period had expired. In
the meantime, the Federal Coun-
cil’s legislation for implementing
the new law in the ETH Domain
had to be revised and brought in
line with the new law.,

In this context, the following
orcdinances were drafted:
» Ordinance relating to the Do-

main of the Swiss Federal Insti-

tutes of Technology {(Verord-
nung ETH-Bereich)

» Ordinance relating 1o the Swiss
Federal Institutes of Technology
(ETH-Verordnung)

o Orcdinance relating to the Lecwr-
ers of the Swiss Federal
tutes of Technology (Dozenten-
Verordnung)

» Ordinunce relating to the Swiss
Fecleral Laboratories for Materi-
als Testing and Research (EMPA-
Verordnung)

= Ordinance relating to the Feder-
al Research Instituie for Forest,
Snow and Landscape (WSL-
Verordnung)

» Ordinance relating to the Paul
Scherrer Institute (PSI-Verord-
nung)

¢ Orcinance relating to the Swiss
Federal [nstitute for Environ-
mental Science and Technology
{(EAWAG-Verordnung)

The EAWAG Ordinance (published

in the Official Collection of Feder-

al Jurisprudence, No. 8, 2 March

1993; SR 414.162) is printed on the

following pages. The diagram be-

low .shows the position of the

EAWAG in the ETH Domain and

the administrative organization of

the Federal Government.

Isti-

Notes on the new EAWAG Ordi-
nance

The Federal Council's legislation
for implementing the ETH Law in
the ETH Domain is simply organi-
zatonal legislation. Tt esiablishes

the framework within which the
EAWAG can fulfill its duties under
optimal conditions. The EAWAG
Ordinance is not concerned with
scientific issues; these are up to the
ETH Board to decide. In passing
the ETH Law, the Parliament im-
posed on itself great legislutive
restraint, which was also reflected
in the implementing ordinances.
These ordinances grant the EA-
WAG a large degree of autonomy
in day-1o-day decisions; they con-
tain  nothing
governed by law,

which is already
but only that
is legally required 10 be
regulated by the Federal Council.
Wherever the law provides for
delegation of responsibility 10 the
ETH Board, this is done.

which

Article 1
Legal status

The EAWAG is a legal entity. as are
the two universities and the other
three research institutes.

Article 2
Duties

Paragraph 1 sets out the research
areas of the EAWAG. The terms
used are relatively brouacd. Para-
graphs 2 through 4 stipulate tha
the EAWAG shall suppori the inst-
tutes of higher education and

other institutes of learning in
the their teaching and research,
shall give educational and training
courses and shall provide services
in its area of competence.

Article 3
Cooperation with the institutes
of higher education

This article establishes the princi-
ple of cooperation between re-
search institues and institutes of
higher education.

Article 4
Cooperation with the public and
private sectors

Paragraph 1 lays down the princi-
ple of cooperation between the
EAWAG and the public and private
sectors in research projects. In
Paragraph 2, it is made clear the
the EAWAG is principally a re-
search and teaching institute and
cannot be required o accept every
assignment. This applies especial-
ly to assignments that could be
taken on by other public or private
bodies.

Article's

International cooperation

The EAWAG's research shall be at
an internationally high level.

Federal Council

Federal Department of the interior

|

Science Agency

Federal Office for Science
and Education

The relative position of the EAWAG in the ETH Domain and in the Federal

administrative organization.
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Ordinance relating to the Swiss Federal Institute for Environmentat Science and Technology [(EAWAG-Verordnung)

of 13 January 1993

The Steiss Fedderal Connedl,

onthe basis of Anticle 39, Baragraph 2 of the Federal Law o 3 Ocrobyer 1991
rebating 1 the Swiss Federal Instioutes of Technology (ETH Linwy,

boerehy ordains:

Art. 1 Lepal status

UThe Swiss Federal [nstiate for Environmental Science and Technology
(EAWAGH is an matonomoens federal research instiowe under public law and
is o legal entity.

*The EAWAG shall e subject we the authority of the Board of the Swiss
Federal Institutes of Technology.

Apt 2 Dhaties

UThe BAWAG s 2 natienal, multidisciplinary research institate for
eavironmental seiences, vspecially for hydro-eeology, hydro-technology
andd the intercions between witer, soill airn the biosphere and maa.

2 It shadl suppor the instwies of higher education and other institires of
learning in eaching snd research, .

Soshall give training and fusther education courses in its areas of
compienoe.

i shadl provide scienitic services in i areas of competence.

Art 3 Coaperation with the instities of higher education

U The EAWAG shalf conpuerimnte with the federal and cantonal institutes of
higher cducation.

20 may armnge with the responsible authorities for the comman use of
filitivs with the instituies of higher eduecation.

Art. Coaperation with the public and private sectors

e EAWAG misy carry out research projects together with the public and
privitle sectors,

24 shall undesiake assignmenss for scientilic services, provided the
necessry ens are available,

Art. 5 Taternational cooperation

The EAWAG shall cooperate with the inteenational scientific conmunity.
esprecially within the fripework of common research and development
PrOgrns.

Art. 6 Communication of knowledge and wchnology. dissemin-
tion of research resuks

WA shalf further the conversion of research results into practical
AN,

2 1 shiald relense the resulis of its ressacch to the public, provided there is
no conllict with more important public or private interests,

Art. 7 Education and waining

Tiwe EAWAG shall pastivipate in education and tainiog within the institutes
of higher education and other institutes of learning Dy giving lectures and
sueminars as woell as assisting with diploms work and doctoral theses,
Art. 8 Organizinion

VThe EAWAG shall be divided into research depanments and administr.
tive divisions,

4 Fhe Board of the Swiss Federal Institutes of Technology shall govern the
organizaton of the EAWAG,

Article 6
Communication of knowledge
and technology, dissemination of

Article 8
Organization

Art. 9 Administration

e administrnion shall consist of a Director and the heads of the
research departments and administrative divisions detenmined by the
Board of the Swiss Federal Instites of Technology,

< The Director shall be the head of the EAWAG and shall have overalt
responsibility for directing the institute, He shall be responsible 1o the
Buard of the Swiss Federal Instinges of Technology,

# The Baard of the Swiss Federal Institutes of Technology shall decide the
responsibilities snd powers of the Administration and its members.

Art, 18 Advisory Commitiee

Frhe Advisory Committee shall advise the Board of the Swiss Fudgral
Institutes of Technology and the Administration on all matters relating 1o
the activities of the EAWAG.

4 The commitiee shail have between five and nine members,

3 The Board of the Swiss Tederal Institues of Technology shall elect the
chuirman and the commites members for a four-year werm of office.
Art. 11 Participaion

VThe Board of the Swiss Federal Instiwies of Techrofogy and the
Administration shall consult the persennel through the  personnet
reprosentatives, hefore making decisions tha are of general Interest 1o the
EAWAG, These include the plinning, crestion and aholition of depan-
ments and mutters concerning the structure.

the personnel representatives shall be elected by the personnel
thenselves.

SThe adminisiration shafl ensure that every employvee has sufficient
information 1o exercise his rights reparding participation.

Art. 12 Cooperstion with the stalf associstions

The FAWAG shud cooperate with the st associations in maners regarding
personnel according o the guidelines of the Board of (he Swiss Federal
Institures of Technolagy,

Art, 13 Use of research equipment

P Resenrchers in Swiss institutes of higher education and public reseach
institiutes nuy use e research equipment of the BEAWAG free of charge.
I he privite sector works onoa project jointly with the EAWAG, it shall
pay 4 proporional pare of the project costs,

* In cases other than those cited above, the Director shall decide on the
conditions for using the equipment.

Art, 14 Payment for services rendered

! Frees shall be charged that cover the casis of services.

2 The Board of the Swiss Federal Instnstes of Technolopy shall Ly down
the rules concerning fees on advice from the Federal Depanment of
Finance.

Art. 15 Repedt of existing legisiation

The Ordinanee of 21 December 1970 reluing to the organizaion asd
activities of the Swiss Feder? Instinne for Environmena! Science and
Technology shall e repeated.

Art. 16 Emiry into force

This Ordingnee shall enter into force on 1 February 1993,

13 January 1993 On betudf of the Swiss Federal Council
The President of the Confedenstion: Ogi
The Chancellor of the Confuderation: Couchepin

Articie 10
Advisory Committee

research resuits

Parugraph 1 sets outthe role of the
EAWAG us u link between research
and practice. The restriction in this
puragraph does not imply any
censoring or limiiation of freedom
in teaching and research. but
relutesto the interests of imellectu-
al property.

Article 7
Education and training

This article describes how  the
EAWAG should fulfill the duties
outlined in Article 2, Paragraph 2.

The Federal Council only deter-
mines the principles of organiza-
ton and delegates the details o

the ETH Board. This delegation of

responsibility corresponds o the
ETH Luaw.

Article 9
Administration

This provision does not relate
specifically to the EAWAG. Tt corre-
sponds o the regulations  kaid
down for the other research insti-
wites and university administoa-
Ltons.

Like the other research institutes,
the EAWAG has an advisory com-
miitee. The number of members
hus now been reduced from the
previous 15 to a maximum of 9,

Article 11
Participation

The rules regarding participation
rights are faid down in the ETH
Law. In the case of the universities,
the groups which belong 1o the
institutes of higher education (lec-
turers, assistants, students, admin-
istrative and technical staff) are
alreacly defined in the ETH Law. In
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the case of the research instiu-
tes, the personnel representative
body* is new. This is a partner in
discussions/consultations with the
administration or the ETH Board,
The Personnel Committees. gov-
erned by the regulations concemn-
ing such commitiees, could only
function to a very limited extent in
this regard.

Article 12

Cooperation with the Staff Asso-
ciations

In this provision, which comple-
ments Articie 11, the same condi-

tions for cooperation with the siaff

associations are set out for all six
institutions in the ETH Domain.

Article 13
Use of research equipment

The provisions laid down in Arti-
cles 3 and 4 concerning cooperi-
fon are put into concrete lerms
here with regard to the infrastrsc-
ture. This provision regulates the
use of the EAWAG’s research infra-
structure by researchers from oth-
er institutes of higher education
and research institutes, as well as
its use in research projects carried
out together with the private sec-
ior.

Article 14
Payment for services rendered

This provision corresponds Lo the
rules applicable to the other re-
search institutes and maintains the
principle of fees to cover costs.

* Al the EAWAG. the Personnel Commitiee
wits dissolved as of Jan 31, 1993, and a
new persennel representative body was
chosen, which takes over starting Feb 1,
1993 (enry into force of the ETH Law).
The “EAWAG Conference™ is the commit-
1ee that makes all decisions about impor-
tant alfairs of the EAWAG. It consists of
the members of the board of directlors,
leaders of expert groups and a represent
ative from personnel.

Changes in the organization of the
EAWAG

There has been some recent re-
structuring in the EAWAG. Depart-
ment names have changed and, as
the new ordinance stipulates, the
EAWAG is now reorganized into
research divisions and technical
and administrative services. The
organizational chan below gives
an overview of these changes. The
MOSL iMPOIEINL ONEs Are SLnmi-
rized below.

The research groups in the
departments of “Chemistry” (in-
cluding analysis) and “Multidis-

EAWAG

ciplinary Limnological Research”
(MLR} have been reorganized.
More in line with their research,
the groups have merged to form
the divisions "Chemistry” and “Bi-
ogeochemistry”. The research di-
vision Chemistry is devoted o the
study of the environmental behav-
ior of organic chemicals via proc-
ess-oriented field and laboratory
stucies. Resewrch in the division
Biogeochemistry is focused on cy-
cling of substances and the cou-
pling of these cycles in natural

Swiss Federal Institute for Environmental Science and Technology

Directors

Director

Alexander J.B. Zehnder

Deputy Disector Hans Wasmer

Vice-Director

1GW, ETH Zurich, Institute for
Aquatic Sciences and Water
Pallution Control

Jiirg Hoigné i

Cihemistry

Fisheries Sciences

"Waller Giger

Rudoli Miller

Ueli Bundi

Public Relations
Theresa Biisser

Permanent Education
Herbert Gittinger

Buildings and
Maintenance

Claude Jaques

Library
Elisabath Sissi

Human Ecclogy

Hydrobiology/Limnology

Environmental Engineering

Microbiclogy

Water and Sanitation
in Developing Countries

Resources
and Waste Management

Heinz Ambihl

“Mario Snozzi

Roland
Schertenleib

Peter Baccini
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bhodies of wuater, as well as their
effect on water quality.

Two research divisions have
changed their names as an-
nounced in the last issue of EA-
WAG news, The research division
“Technical Biology™ has been re-
named Microbiology and includes

the new molecular biclogy group.
The "Department of Waste Man-
agement and Materinls Conserva.
tion” is now called Resowrces and
Waste Management so that this
research division has the same
name as the reiated chair at thé
ETH-Zirich.

New Personnel Delegation at EAWAG

Begun in February 1993, the new
Personnel Delegation at EAWAG is
a commitiee whose purpose is o
enhance cooperation among em-
ployees, The new Personnel Dele-
gution replaces the former EAWAG
Personnel Committee.

The Delegation serves as the
main contact organization for the
Directors with regares to person-
nel matters. In addition, the com-
mittee is concerned with issues
that are of general interest to
employees as a whote. To ensure
that these tasks are accomplished,
one member of the Personnel
Delegation is a delegate to the
EAWAG Conference.

The members of the Personnel
Delegation have diverse back-
greunds and experiences. Every
professional group (administra-
tive, technical and scientific per-
sonnel and doctoral students) and
all the EAWAG sites {Diibendorf,
Kastanienbaum and Tiffenwies)
are represented in the delegation.
In accordance with the Women's
Support Program, 4 representative
from the female personnel has

been elected for this and the next
term of office.

The head of the Personnel Del-
egation is Vreni Graf (Environmen-
tal Physics), the representative of
the administrative personnel. Her
deputy is Beate Escher (Chemis-
try) who represents female per-
sonnel. The delegate to the EA-
WAG Conlference is David Kistler
(Biogeochemisiry), a representa-
tive from the Dibendorf site and
his deputy is Alfred Lick (Envi-
ronmental Physics), the delega-
tion member from the technical
personnel. Responsible for the
minutes are André Weidenhaupt
(Chemistry) and Ruth Stierli (Bio-
geochemisuy}, who represent the
docroral students and the Limno-
logical Research Center in Ka-
stanienbaum, respectively. Other
members of the Personnel Delega-
tion are Robert Berger, represent-
ing the workshop in Tiffenwies
and JUrg Zobrist (Biogeochemis-
try) representing the scientific per-
sonnel,

" The activitics of the Personnel
Delegation to date are contribut-

One EAWAG department is new:
the Human Ecology Gronp which
introduces iself in this issue,
bringing interdisciplinary cooper-
ation to the human, engineering
and natural sciences — both inside
and ouside of the EAWAG.

From left to right: Alfred Lick, Ruth
Stierli, Beate Escher, André Weiden-
haupt, Vreni Graf, David Kistler, Robert
Berger and Jiirg Zobrist {separate).

ing to discussions about new
reguiations affecting  employee
wellure, developing new house
rutes for Kastanienbaum, conduct-
ing 2 referendum on the park-
ing regulations, evaluating sug-
gestions for the EAWAG-Infoday
1993, and initiating English cours-
es. Their overall goals are to
improve the working environ-
ment. to provide constructive crit-
icism, and to present suggestions
for solutions 1o problems.
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SNS Bank Prize 1993

The SNS Banl Prize 93 has been
presented to Dr. Jan Roelof van der
Meer on 9 September, 1993 in
Wageningen (The Netherlands).
Fach year the SNS Bank honors
Ph.D. candidates upon recom-
mendation by the Agricuhural
University of Wageningen, who
are at the beginning of a scientific
career in science and have made
excellent achievements within the
framework of their dectoral thesis.

J.R. van der Meer, who has been
working for the Department of
Microbiology at the EAWAG since
August 1992, investigated the ge-
netic adaptation of bacteria 1o
environmental pollutanis in his
doctoral thesis. A half-day sympo-
sium has been organized on the
theme of microbiology and the
environment in the context of the
festivities of presenting the prize.

Part of the EAWAG has moved

Last March, some of the EAWAG’s
personnel moved to the nearby
“Chriesbach” building. The adja-
cent map should help in finding
the new site.

The following departments have
setiled into the “Chriesbach™
Direcrors, Staff, Financial Servic-
es, Personnel Services, Computer
Services, Human Ecology, Engi-
neering Sciences, and the Interna-
tional Reference Center for Waste
Disposal (IRCWIrY,/ Water and San-
itation in Developing Countries,

EAWAG
CHRIESBACH

Ueberlandstr. 109/111

. - for pedestrians

by car
e i ol
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