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In order to be able to manipuiate material
fluxes, ona has to understand them first.
Even the waves from a small dropiet may
have an effect which is outside of our current
comprehension.

High-spzed photegraphy by R. Bramaz

(A droplet falling past an infrared sensoer
triggerad the flash from a stroboscope

which "froze it in time"}.
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Understanding Material Fluxes -
Controlling Material Fluxes

Sustainable management requires us to
more consciously deal with material and
energy fluxes. Important questions that
arise: How do decisions we make today
affect the options for future generatians?
How can humanity shape its activities,

o oo

such as “cleaning”, "feeding”,
porting”,
that makes more frugal use of raw

rmaterials and energy? What are the key

trans-

living”, "woarking”, in a way

processess In order 1o answer these
guestions we nead to know the inner
workings of the systems involved, which
is a major research challenge. EAWAG

is developing the tools needed to un-
cover how different systems interact and
to understand material fluxes and their
impacts. Depending on the question, the
system boundaries may be on a iocal,
ragional, or global scale.

Provided that we have a sufficient under
standing of processes within systems
and interactions between systems, we
can evaluate proposed measures for
managing and directing fluxes. Since -
directing measures will always be
brought to bear within the anthropo-
sphere, we need to know akout pro-
cesses within the field of human activity:
classic ecosystem studies must be com-
bined with system evaluation of the
anthroposphere.

As part of the annual Open House,
EAWAG presented case studies on how
current projects aiready contribute to the
evaluation of directing measures and
how projected scenarios or measures
already in piace can be judged as to their

effectiveness. The examples demon-
strated a broad spectrum of collabora-
tions and levels of analysis. A number
of projects depended on collaboration
with private industry and the public
sector. This partnership, invoiving actors
outside the traditional realm of science,
is most important for research at
EAWAG in that it reinforces the practical
relevance of research and assures
EAWAG its role in developing and
assessing innovative processes in our
society.

This issue of EAWAG News attempts to
make the material presented at our Open
House accessible to a broader public.
How can a print shop influence the
targer system? How can thermal waste
treatment contribute to more efficient
use of resources? What effect does roof
remodeling have on water guality?
How do we evaluate changes in the
formulation of detergents? How is food
production linked to avaiiahiiity and
management of energy, nutrients ang
water? What is the role of the distribu-
tor? What is your role? Please read for
yaurself how EAWAG approaches this
broad spectrum of questions.

/~ L L L
' /52-_//;:._.///:%’,,,"

Dr. Thomas Lichtensteiger

Head of the Research Group “Petroi-
ogy", in the Department of Resource Use
and Waste Management, EAWAG.
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" In collaboration with Reto Burled, Willy
Freyl, Ruedi Lisibach?, Markus ReaF, Parrick
Pliiss, Susanne Kytzia and Peter Baccini.

T NZZ Ziirich

2 Alpha Real AG, Ziirich
Markus Real is owner of Alpha Real AG
and has docromented expertise in solar cell
technology.

Comments by

Reto Burler, NZ2Z,

| ar the FAWAG Qpen
- Howse ort 11.9.98:

 “One of the most important realizations
‘thar came oui of the detailed materials
_accounting  project was the fact thar the
 idden energy éonsumption in newsprin
" praduction is by far the largest envirommen-
tal. ﬁrtrbr'Despire ‘the assumption thas our
‘plant would not lend ivself 1o the use af
newspnnrcorzmmmg ‘recycled paper, wie were
able, incoaperation with the paper producer,
to g:mdzmﬂ' increase: thie content of recycled
| paper’ ko over 50% and: thus feduce the
© amount af aray emrgy :ued in rl;e overall
prodm:fwn pracm L

Both the number of models and the availabijlity of simulation software
in the field of environmental management have exploded in recent
vears. Until recently, numerical models were used primarily to model
and evaluate products and the performance of enterprises and eco-
systems; the current trend is leading towards the modeling of regional
environmental management. The potential of such an approach,
namely the analysis of material fluxes, will be demonstrated in two
examples: the printing plant of the NZZ (Neue Ziircher Zeitung) and
the development of photovoltaic plants on a scale larger than yet

realized in Switzerland.

Environmental management is com-
prised of strategies, measures and con-
trol of an organizational unit (com-
mercial or public entity from small
commune o whole nation) with the
goal of shaping its activities in the most
environmentally comparible way, while
still allowing it to fully function. Crite-
ria for “environmental comparibility”
include compliance with environmen-
tal laws and sustainable development,
a lofuier goal which may dicrate limira-
tions on resources use.

Within a very few years, environ-
mental management has become a
widely-used term. The most important
ingredient in actual practice is a good
understanding of the environment (in
termms of science, econemy and polirics)
in which the system to be managed is
embedded. Such knowledge can be

enhanced by the use of mathemarical

Model Simulations
in Environmental Management

Madls for Produts,
Businesses and
Regicnal Ecanomics

: Mudalsfnr :
" Natural Systems

Locat

Environmental
Managoment

RegitinpE

Fig. I
Classification of models used in environmental
mandagemerni.

models thar are able to simulate the
behavior of the system.

In this article, we present the basic
types of environmental models and
briefly discuss the characteristics of
various approaches. Two examples will
be used to illustrate one of these ap-
proaches (material flux) in more detail:
@ Environmental management in the
“Printing Plant NZZ”

@ Development of photovoltaic power
plancs in Swirzerland.

Simulation in Environmental
Management

Figure 1 presents a simplified classifica-
tion system for environmenrtal system
models as arranged by application area
[1}. This classification is by no means
complete, but is based on “history”
Models have traditionally been devel-
oped independendy by two very dif-
ferent disciplines:

Natuoral Systems {Ecosystems)

These models are based on scientific
descriptions of inrerdependencies and
range from simple population models
to models describing complex ecosys-
tems (e.g., forest development models).
Their purpose is system identification
and gaining a basic understanding of
the system.

Economically-Oriented Anthropogenic
Systems

Well-known representatives of chis
group include ecological balance mod-

3



EAWAG NEWS 46 £, August 1993

__________________ = e o e  — e 2 o
f Goa 1
; ] Evaporation Tooiing Distribution i
1 i
: Hotary i
il
i Air Cond/ Fress :
4 =y Ventilation © |
¢ Electric Powa E}.}A Cond 0.033 Print i
|Fresh Suppy | 0.11Arcond. Wastawatsr Praparation ;
Water Air Cond. i
3.0086 -4 Separale |
{ Boilar 0.03 Wasser Collection i
i ) i
H +ot Water | Rooms/ |
1 —— - Buildings o 6057 |
Coaling Watar | i
l 812 . ater 1
! 0.0078 Fretz e
Water 0072
i Wastawatar
| — 1l
) i
I 0.00066
! ;; -} Evaporaticn
i iV VR, -

Fig. 2

Water flux in liters per copy for 1966 in she prinsing plant Sehiieren.

Fresz is a "dangheer” company of the NZZ.

els and input-output models describ-
ing individual producss, factories, or
regional economies. They are based
on large data sets and typically allow
evaluation of a product or plang it is
sometimes possible to provide a trend
analysis.

As indicated in Fig. 1, both types of
models describe Jocal environmental
management. Over the last few years,
however, environmental management
models have shifted ever increasingly
to the regional scale. These models have
to be able to describe all the subsystems
of a region {e.g., enterprises, house-
holds, ecosystems) as well as the inter-
actions among them.

The best known examples of this
trend are environmental information
systems (EIS), which are based on a
common dara base for all the sub-
systems of a region and compile as
much derailed information as possible
(air, warer, soil, noise, sertlement sta-
tistics, etc.). These systems allow for
an extremnely accurate analysis of the
current state as well as trend analyses.
To date, simulations and predictions
ate possible only in a few areas (e.g.,
pollutant transport). Recently, a com-
plementary approach has been devel-
oped which is based on material fluxes
[2]. Compared to EIS, this approach
is much “cruder” and attempts to de-
scribe the behavior of a system based
on a few of its basic properties. Usually,
the system description is limited ro
material and energy fluxes. Expansion
to include ecomomic aspects are in
progress [3]. Because of these limira-
tions, the formulation of models using

4

this approach is far cheaper than EIS,
both financially and in terms of time

[1].

The Material Flux Approach

This method is described in detail in
[2]. Basically, it consists of the follow-
ing steps:

o System Analysis: determination of
processes and marerial fluxes relevant
to the question.

@ Data Fvaluation: administration, vi-
sualizarion and evaluation of measured
or estimated data.

o Model Calcnlations: at the center of
2 model calculation is the model for-
mulation, where the properties of a
system are described mathemarically.
Important applications include the
development of different scenarios or
predictive calculations. It is a tool to
simulate how a system will behave
under various conditions.

Different options for the manipulation
of material fluxes can be demonstrared
both in data evaluation and in mode
calculations. EAWAG has developed a
program, SIMBOX, which allows both
kinds of applications.

Example: “Printing Piant NZZ”

Factories and planes are important
components in the chain of human

~activities. The manipulation of mare-

rial fluxes is very effective in this area,
hoth in a forward sense (environmerntal
impact) and in a reverse direcrion (use
of resources). '

In a joint project berween NZZ
and EAWAG, the material flux for

the printing planc of the NZZ was
recorded in derail during 1996 [4]. As
part of the ISO 14001 cerfication
process, this study served to identify
environmental benefits (although not
required for ISO 14001 certificarion).
The detailed accounting of marerial
fluxes is the basis for internal plant
environmental management, where the
management artempts [o optimize
resource use and environmental bene-
fies.

Visualize material fluxes: Figure 2
shows the first step in material flux
accounting in the exampte of the sim-
plified schematic representing the print
shop in Schlieren. The five columns,
from left to right, represent:
® Energy sources and water
© Boiler and air conditioning
® Daughter company Frerz
© Print shop and waste disposal
@ Newspaper delivery.

In a second step, datz were gathered for
the marerial and energy fluxes identi-
fied in the scheme and converted into
graphical representations using SIM-
BOX. Figure 2 also shows the average
water use per newspaper copy in 1996.

Contributions from human use
(kitchen and toilets) and air condi-
tioning are of comparable magnitude,
and roughly one order of magnitude
higher than the use of process water.
As a comparison, the total amount of
water consumed during the printng
of one copy of a newspaper is about
0.25 1, which is in the one per thousand
range of the daily per capita water
consumption in Switzerland.

Directing material fluxes: After com-
paring water fluxes in Fig. 2 with refer-
ence values, NZZ has adopted tech-
nical measures to reduce the amount
of water used. Water consumption in
1997 was reduced by 17% compared
to 1996 levels.

Another option for directing mate-
sial fluxes lies in simulations using
models. Model calculations allow the
comparison of different scenarios and
options with respect to technical and
organizational changes, such as the
effect of replacing old printing presses
on energy and material consumption.
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Finally, an extension of the system
allows inclusion of suppliers and
customers [5]. This represents the
first step from plant level o regional
environmental management. As an
example, consideradon of the entire
paper production process may be men-
tioned.

Deveiopment of Photovoitaic Plants

This study was conducted as pare of
the dissertation research by Markus
Real [6]. His questions included the
~ following;
e Could photovolraic- electricity gen-
eration become a significant source of
renewable energy in Swirzerland?
o Does the construction of photo-
voltaic plants on a large scale entail
significant material and energy fluxes?
His system analysis included the
production of solar cells as weli as the
glass used to cover the cells, their in-
stallation, and the distribution of the
produced energy.

Wodel Approach

The fundamental assumptions made
were as follows:
@ Determination of the area available
for solar cells: numbers are based on
careful studies of available surface area,
orientation, and so on. Figure 3A
shows the assumed development of the
solar cell area per person as a function
of time.
o Technological parameters: material
and energy consumption during pro-
duction, life time, efficiency, and de-
gree of recycling.

All assumprions were made by ex-
trapolating the current state of tech-
nology into the future. We think they

mefperson n )
20 ® 2 ®
15 a5
10 .
5 05
1985 Z0os 055 1085 2028 2085
Fig. 3

Assumptions about increases in solar cell area
(A) and its efficiency {B) over vime. For com-
parison, the surface area required per person
in Switzerland: 18 w for reservoirs and 18 m
Jor windows.
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The model approach
used by Real [6] 1o
describe the dynamic
system leads to approxi-
mately 70 coupled differential equa-
tions. SIMBOX was used to solve this
system of equartions for various scen-
arios. One such scenario is represented
in Fig. 4, demonstrating the contribu-
tion from various energy soufces over
time. Model assumptions made in this
case were as follows:

& Hydroelectric power will slighdy
increase.

@ Wind and biomass energy produc-
tion are increasing according to current
best estimares.

@ Solar energy increases as described
above.

o Fossil fuels: energy production in
fuel cells. »

o Nuclear energy: productdon levels
based on current permirs.

interpretation

A transition to energy production from
renewable sources {i.e, solar cells)
appears to be feasible within the next
60 years, while maintaining rotal en-
ergy consumption near today’s levels.
If 2 transition were to be forced more
rapidly, the producrion capacities thar
could be buile would be mostly of
shore-term use [6].

Conclusions

- The first seep in environmental man-

agement is a basic understanding of the
system and its essential components.
Models and simulations can assist
substantially in this task, as demon-
strared for the material flux approach
in two examples. In general, these stud-
ies [7—91 demonstrate:

Conrributions of various energy sonrces to Swirzerland’s electricity

production in 1FMlyear.

© The matesial flux approach is able
to identify key fluxes and simulating
options for directing them.
® Stationary models may be satisfac-
tory in the case of environmental
management on an enterprise level,
but regional environmental manage-
ment requires dynamic models.

In summary, we can conclude that
models are very useful toals if applied
appropriately.
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Fig. 1

Informazion campaign of the Swiss steel indis-
sry. The poster expresses the facs that high quality
products demand well-defined maserial quali-
ties and not just random material,
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Christoph Zeltner and Thomas Lichtensteiger

Thermal Waste Treatment

The grate system technology of today’s waste incinerators permits
specific treatment of hazardous compounds. The technology’s possi-
bilities in resource management are limited. To date new processes
are being developed which are more suitable for the management
of secondary resources. How can a knowledge of systems permit a
product design which efficiently uses the reaction potentials of the

materials?
Motivation

“No junk — just scrap meral”, says
the ‘slogan of the Swiss steel indusery
{Fig. 1). The secondary resource “scrap
metal” covers 100% of the industry’s
demand in iron. Random products
cannot be used as resources for manu-
facturing high quality products. Con-
stant qualities wich specific properties
are needed. A specific product design
is actually needed for many secondary
resources [1]. This is a new challenge
for waste management.

Most important along the line of
production processes from ore to the
metallic material is the smelting process.
In contrast to the supply, few smelring
processes are yet being applied in the
disposal of wastes. The thermal reat-
ment of municipal solid waste is cur-
rently being carried our in waste incin-
eration plants using the grate system.
An essential effect of the grate system
is thar the behavior of the residues
in landfills {(monofills) is more favor-

-able by several orders of magnitude

than thar of directly disposed munici-
pal solid waste [2, 3]. Current grate
system technology thus permits spe-
cific treatment of hazardous compounds.
In addition, the energy of organic
compounds is being utilized. Most
inorganic compounds, however, are
still excluded from efficient high qual-
ity utilizadion. This is true for copper
for example. This is unfortunate, seen
from the resource managements side,
as municipal solid wastes are important
carriers of copper: The situation in
1990 shown in Fig. 2 is based on a
dynamic SIMBOX maodel caleulation [5].

The example indicates that already
more copper is deposited in landfills
or is locked in constructions or mobile
goods in the USA than sl exists as a
primary minable resource. The reserves
in the primary deposits amount ©
about 330 kg per person. In the areas
of “consumption” and “landfills”, an
amount of approx. 450 kg per person
exists. The annual input into the
landfills from the area of “disposal”
amounts o 3 kg a year per capita.

A pew generation in thermal waste
treatment processes should be able to
utilize such resource potentials berter.

Consumption

5 1
fista T

Used Goeds 53 . Sloga
$.

Waste treatment

Residuas tom o
Municipal Solid Woato :

21 Otnes
Rasiduns
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Tu-tepenils: ‘Kolcdpy Cu-Fluros: JRyeonyED

Fig. 2

Stocks and fluxes of the copper resources from
the mine to its disposal (data from the USA).
Simmation in 1990, based on a dynamic
SIMBOX madel [5]. Approx. 1 kg per capita
{cap) and amnum (a) enter the landfill via
municipal solid wase. This is a relevant contri-
burion for respurce management,
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| GENESIS OF HSR PROCESS

.Mate: Is_ﬁs

Sebﬂi‘éﬂdn of:

The separation of compounds via the
gaseous phase, currently under trial
in convenrional plants, will be com-
bined with smelting processes such as
those being used in merallurgy. Sili-
ceous and metallic produces separate
out from the melt; 80% of the treated
residues remain in the siliceous melting
product. A rock-like quality is being
sought for this product with specific
properties for high-qualicy usilization
in construction [4]. Copper with its
low volatility is separated via the mels-
ing product and can thus be added
to the copper smeltery for further pro-
cessing.

Partnership

The investigations on product design
were carried our in collaboradon of
EAWAG with plant constructors and
the cement industry. The cement
industry is mainly interested in the
further processing of the siliceous
granulate {an additive for cemenrt and
concrete). The following criteria in
choosing research pareners were impot-
rant for EAWAG: objectives, state of
development, accessibility of the plant
and complementary systems being
compared (e.g., with or without me-
chanical separarion stages).

Approach

Three pilot plants with different new
processes were compared. The pro-
cesses were discussed in the context
of geogenic and merallurgic melting
processes. In addition, the genesis of

the melting products were determined .

using a perrologic approach. The focus
was on the processes of homogeniza-

Hemogenization,

Fig. 3

metallurgic processes.

tion and separation. The perrologic
approach combines methods from
geology, materials science and chemis-
try using the inscrument of marerials
flux analysis. Experimentally deter-
mined data, microscopic investigations
and thermodynamic and kinetic con-
siderations were linked together to
form a picture of the chemo-physical
processes taking place.

The genesis of the melting products
leads through four stages: treatment
of bulk goods, melting stage, treatment
of the melt, discharge and cooling, Fig-
ure 3 shows the HSR process of the
firms Von Roli Umwelttechnik AG and
Holderbank Management and Con-
sulting AG. The diagram corresponds
to the pilot plant’s stage of develop-
ment. The latter was constructed for
the follow-up trearment of grate sys-
tem bottom ash and filter dust from
municipal solid waste incineration
plants; in this case, che trearment of
bulk goods essentially corresponded ro
that in the waste incineration plant. In
the melting stage, the smelting down
occurs under oxidative conditions in

‘osmentil -
© (benaficial)

" Indifferent -

- dlsruptive:

Fig. 4

The genesis of the flow of material can be
classified into essential (beneficial), indifferent
and disrupting reactions regarding aspecss of
“homogenization” and ‘Separarion of mate-
rials™ This becomes the basis for firther man-
agement measires. ‘

Diagram of a smelting process for treating municipal solid waste according to
metallurgic principles (HSR = Holderbank-Schmelz-Redox).

The plans, in this design, is constructed for the secondary treatment of wastz bottor
ashes from grate systems. The genesis of the flow of marerial leads towards an
increasing homogenization and a separation into a copper-rich metal melt and a
purified siliceous melt. Volatile substances such as zine or lead are separated via the
gaseous phase, In the rearment of the melt metal draplers form which precipitate and
5o raise the level of the molten mesal bath. The siliceous melt continually flows into a
water bath where it granulates. The molien metal btk is “tapped” occasionally as in

the first part of the reacror. The treat-
ment of the melr occurs under reduc-
ing conditions in the second and third
parts of the reacror.

The following questions arise: in
which phase should a reaction ideally
take place, and how can these be deter-
mined and controlled? One can differ-
entiate here between reactions which
are essential or beneficial and disruptive
reacrions. Apart from these, there are
also indifferent reactions (Fig. 4).

Resuits

The genesis of the melting producrs
is marked by an increasing separation
of materials and an increasing homoge-
neiry (Fig. 3).

The results show that if the oxygen
supply, the residence times and the
temperatures are high enough, a saris-
factory homagenization can be arrained.
The siliceous melts are more homoge-
neous than metallurgic slags. They ate
often also more homogeneous than
geogenic magma melts.

Differentiated treatment is needed
for the optimal separation of materials.
Here the point is to utilize the reaction
potential contained in the municipal
solid waste. Qur chosen classification
of essendal (beneficial), indifferent or
disruptive reactions is helpful in this
approach: Figure 5 clearly shows what
evidence can be gained from micro-
scopic investigations on the behavior of
copper: metallic copper as well as cop-
per sulfides can be found in the meral
and in the silicate produces as indepen-
dent phases. The type of copper phases
in the silicate product can be traced
back to the course of the separation
process: during a fast cooling of the

7
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Granuiated Sillcate
pidly Sofidifled)

Lumpy Sliicate
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Fig. 5

Copper-rich phases in the metallic product (be-
low) and in differently cooled siliceons products
under the scanning electran microscope.

The minute colloids and microliths were re-
drawn. Microscopic investigations en the micro-
structure of slowly solidified siliceans products
reveal whether copper is present as an oxide or
sulfide. Specific aprimizing measures can be

derived from this.

silicate melr (granulation in the water
bath), lictle ime remains for the sepa-
ration process, so that the larrer occurs
incompletely. In the glassy granulates,
colloids are segregated forming steaky
domains. The colloids are minure (less
than 1um) and are chus difficult to
analyse singly. If the siliceous melt is
cooled slowly by casting into a mold
instead of a granulation, more time
remains for the separation of the cop-
per species dissolved in the siliceous
melt. In this case droplets form which
are ten times larger than the colloids.
Their composition can then be ana-
lyzed with the scanning electron mi-
croscope. The equilibrium of copper
between the meral and siliceous melrs
can be modelled thermodynamically
if the elementary amounss of the cop-
per phases in the metal product, the
temperature and the partial pressure
of oxygen are known. The latrer can be
calculated using the rato of Fe(Il):
Fe(l1l) of the siliceous melt. Thus the
limiting factors for the separation of
copper during the treatment of the
melt can be derermined. It could be
shown thar in most of the investigated

8

samples copper exists mainly as a
sulfide. Sulfur disturbs the separation
of copper: the more sulfur present, the
more the copper sulfides also influence
the equilibrium, apart from the metal-
lic copper and the copper oxides. If
the temperature in the reduction reac-
tor is very high and if the pardal pres-
sure of oxygen is especially low, then
the solubilicy of the copper sulfides in
the siliceous melt is raised. As such
conditions would be beneficial for the
reduction of copper oxide and also for
the transfer of zinc to the gaseous
phase, this would mean a conflict of
interests.

In spite of the limitations mentioned
above, the separation of copper is more
complete than in slags from copper
metallurgy. If we could succeed in sepa-
rating the sulfur carlier on, the copper
could be enriched better in the molten
metal bath.

"The separation of materials and ho-
moggnization should be coordinated.
The processes of homogenization are
beneficial to the separation of mate-
rials. They can, however, disruprt it in
several aspects; the more homogeneous
the process, the more easily its process
technology can be influenced. A rap-
idly occurring homogenization causes
few beneficial and many indifferent
and disruptive processes (e.g., unwant-
ed formation of zinc silicates or metal
sulfides}). A detailed description can
be found in [6]. Apart from the HSR
process, the Thermalselece process and
the Siemens-Schwelbrenn process are
also taken into consideration.

Consequences

The smelting processes change waste
disposal systems in a fundamental way.
The question arises as to which role
they should play. Smelting processes
with separation of materials are prima-
sily appropriate where flows of material
have 1o be treated which are relevant
carriers of valuable compounds. Me-
chanical separation processes will not
become superfluous. Mechanical sepa-
ration and milling processes also have
their definite role in merallurgy.

The reorganization of our waste
disposal systems necessitates long-term
approaches from the constructors of
piangs and also from the other actors.
Smelring processes are complex pro-
cesses with high demands on automatic
control systems, refracrory materials
and security. The approach presented
here can contribute to detecting and
working on potentals for improve-
ment. The research cairied out in the
industrial plants should continue. The
constructors mentioned above have
large commercial scale plants under
construction or being put into opera-
tion.

We can speak of improved resource
management when the material poten-
tials of the various waste fractions can
be urilized in 2 berter way. More bene-
ficial instead of disruptive processes
should take place. Ir is conceivable
thar a plant originally buile for treat-
ing municipal solid waste would also
treat fractions containing even higher
levels of metals in a later phase. The
materfal separation potentials of mu-
nicipal solid waste could thus be used
even more efficiendy.
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Relevance of Copper

Inputs into Natural

Waters

Does copper from roof runoff and gutters cause problems in natural
waters and in the ground? Are emissions from these sources even
relevant? These and other questions concerning the inputs of copper
into natural waters are currently being discussed by building trade and

environmental experts.

In this overview we present various
aspects of the marerial fluxes of copper
in the environment, of the fate of cop-
per in natural warters and of its eco-
toxicological effects.

Material Flux of Copper

The most important emission sources
of copper in the environment, espe-
cially into the ground and into natural
waters, include:

® the copper components used in en-
casements of buildings and in sanitary
installations

o the copper compounds used in agrl-
culture for fertilizers and pesticides
(e.g., fungicides),

@ copper contined in sewage studge
and '

impert/export

N

o copper abrasion from road and rail

- eraffic [1-3].

Using the example of the catchment
area of the Téss, the copper flux of
an area was calculated using empirical
dara from other areas ([3], Fig. 1). The
highest copper turnover is caused by
the import and expaorr of copper into
and out of the arez, by its accumulation
in industries and households and by
its amount of deposition in landfill
sites. These large material flows have to
be considered in the management of
copper as a limited resource. Concern-
ing water and soil, the relatively low
diffisse inputs as compared with the
toral balance are, however, of great
importance, as they lead to an accumu-
lation in soils and sediments as well as
to increased concentrations in natural

fandiill’

N

f\ I!\;\i\l\\tl\ \\\
¥ artificial infiitration
=

Fig. 1

—qroundwaler AgEr=500 =

The most important fluxes of copper in the catchment area of the Tiss in kgfyear (area: 430 knr’,

populaiion: 180,000 3D

(* WIP = Waste Incineration Plant, STP = Sewage Treatment Plant}
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Greifenses 05-10
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Thur-Andeffingen- 15-20 | 20-25
Glatt 3--6
Tab. 1

Dissolved and total copper concentrasions in
pig/L (random samples; annual mean values Jor

the Glart).

waters. The considerable amount of
copper accumulating in agriculoural
soils will merely be referred to here {1].
In this balance, the copper contamina-
tion of the Téss mainly comprises the
erosion of agriculrural soils, effluents
from sewage trearment plants and
storm water overflow catchments and
direct inflows of storm water. The lacter
issuing from streets and roofs con-
tributes significant relative amounts
of copper in canalized wastewater
(approx. 56%) and in uncontrolled
wastewater. In addition, a considerable
amouant of copper in domestic sewage
seems o come from domestic sanitary
installarions [2].

Concentrations and Speciation
in Natural Waters

In Table 1, several typical “dissolved”
{(«0.45 um) and total copper concen-
rrations in Swiss waters have been sum-
marized. The concentrations measured
in these waters have to be compared to
the typical background concentrations
(approx. 0.2-1 pg/l) and the newly
proposed and ecotoxicologically sub-
standated quality standard of 2pg
Cu/fl {dissolved) [4]. Low Cu concen-
trations can be measured in lakes.
Increased Cu concentrations can, how-
ever, be observed in several smaller
rivers and streams, whereby the main
sources are different for each one (i.e,,
agriculcural input for the Kleine Aa,
metal-working industries for the Birs
and diffuse input from wastewater and
ageiculture for the Thur and Glatr
rivers). Using the Thur as an example,
the increase in copper concenirations
can be shown at three different sites
along the river (Fig. 2), compared w0

10

the first unpoliuted site on the Necker
(tributary). The average annual copper

- concentrations  (total) from 1975-

1997 fail to exhibir a definite temporal
wend in the Glarr [5]. In this case,
the copper originates mainly from
domestic sewage, whereby both the use
of installations containing copper and
the extension/renovation of sewage
treatment plants may possibly com-
pensate for one another. In the Rhine
below Basel, however, the mean annual
copper concentrations have decreased
within the same time span, the currene
levels (Cuym) being abour 1.5 g/l
The remediation of point sources may
have played a more imporrant role in
the decrease of levels in the Rhine.

As to estimating ecotoxicological
effects, knowing the dissolved or total
copper concentrations is not enough.
The different chemical forms of copper
(its speciation) determine its effects. It

‘is usually assumed that free copper

aquo ifons determine the effect on
aquaric organisms, i.e., cupric ions
which are exclusively bound to water
molecules. Copper becomes strongly
bound to organic complexing agents
in solution. In narural waress, the com-
plexing agenss are largely of natural
origin (humic and fulvic acids as well
as other ligands of biological origin),
but may include synthetic complexing
agents (e.g., EDTA). On the one hand,
copper is divided experimentally into
different categories according to size
(dissolved, colloidal, or suspended
solids, Fig. 2). During dry weather, and
ar low concentrations of suspended
Mmatter, Copper ‘usually exists in its
dissolved form. On the other hand, it
can be shown that dissolved copper
in narural waters is typically bound
to strong organic complexing agents
and that only a very small amount is
present in the form of aquo ions [6].
Thus, in the examples in Fig. 2, the
ratio is [Cu®]/[Culew = 1075-107,
where [Cu®] is the concentration of
free cupric aquo ions and [Culp the
conceneration of dissolved copper. The
influence of light on organic Cu com-
plexes can lead to the reduction of

Cu(ID o Cu(f) and to the formation of

20 - - - — e ——
Cu l T
{10
1.5 = - ——— e
- 4]
1‘0 B o ‘l[ B mm-l_ T
B £
&5 —— e e ——
o0 -
Neckar Litls- Schinen- Apdei-
burg borg fingen

Fig. 2

Concentrations and disrribution of copper as
four sites along the Thur.

The poinss represent the mean values of the
concensrations of dissolved copper measured in
o samplings. The 3-colored bars by the Necker
and by Andelfingen show the distriburion of
copper between dissolved (molecuiar weight
<10000, white), colloidal (MW > 10000,
<0.45 pm, shaded} and suspended solid
(> 0.435 um, dark} species.

reactive oxygen  species {radicals),
which, in tuen, can damage the genetic
material of cells, described in the next
section. Copper in its particulate form
can sorb to different rypes of particles

or exist as a precipitate {e.g., as a sul-

fide}.

Ecotoxicological Effects
of Copper

Copper s essential for living organ-
isms, but in higher concentrations it

Cu, disscived (pg/h)
0 2 4 6 a 10
[—

Andei-
tingen ik

Neckerl:]D

Birs &

Birs 3

Birs 1 |-

o 200 400 600 800
Cu in pedphyton (ug/g dry mass) ’

Fig. 3 ‘

Copper levels in the "Anfivuchs” {periphyton)
(ugly dry weight, bortom scale, shaded bars)
compared to concentrations of dissolved Cut in
the water (ugl/l, rop scale, white bars) at varions
sites along the Birs and the Thur.
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is toxic. There are difficulties in the
assessment of the effects of low con-
centrations in the environment. The
sensitivity of different species of algae
to copper is variable. Investigations on
algal growth at different concentrations
" of free cupric aquo ions indicate thar
even low concentrations {e.g., 10-1% M
Cu?*} inhibic the growth of sensirive
species [7].

The assimilation of copper can be
derected in the “Aufwuchs” {or peri-
phyton, the “living coating” of stones,
an association of microorganisms) at
polluted sites in rivers (Fig. 3). At
unpolluted sites in the Birs and the
Necker (Thur area), low levels of cop-
per can be detected in the “Aufwuchs”.
Slight increases in the Cu concentra-
tions in natural warers are reflected in
increased Cu assimilation by the “Auf-
wuchs”, with a larger range of varying
Cu levels.

Experiments involving the addition
of copper to natural river water (upper
reaches of the Glatt) provide informa-
tion on the effects of copper on natural
algal communities, whereby the com-
position of the species was quantified
in several aquaria (Fig. 4, [8]). As ex-
pected, there were large shifts in the
composition of species at higher cop-
per concentrations. Tolerant species,
e.g., Qocystis nephrocytioides, began
_ dominate. Notable were the effects of
slight increases in copper concentra-
tions within the range of actual levels
found in river waters (see Table 1),
which caused sensitive species, espe-
cially the blue-green bacteria, to dis-
appear.

Several molecular mechanisms are
linked to the harmful effects of copper.
Little known are the mechanisms
through which copper acts in combina-

Plasmid:
linear

supercoilad

fragmented

Fig. 5

The control sample (2)

size marker
cantrol
50 uM CuClsg

F N

H

50 yM catechol Cﬁ
H
5 50 pM CuClp + 50 yuM catechol

H
3 —
Cus + CCH —+  HpOp, "OH

Degradation of DNA induced by copper and casechol.
in the depicted gel shows the plasmid DNA in the form found when isolated
from cells. Neither Cu (3) nor carechol (4) alone cause any detectable

chanuges. A combinasion of Cu

and catechol (5) causes a fragmentation of the DNA [9].

tion with reactive organic compounds.
For example, the effect of both copper
and catechol on the degradation of
DNA (deoxyribonucleic acid, genetic
marerial of the cell) has been studied
{9]. The reaction of copper wich care-
chol resulss in the formation of reactive
oxygen species, i.e., hydrogen peroxide
and probably hydroxyl radicals. These
highly reactive species cause the deg-
radation of a bacterial plasmid (DNA]
in  vitro, the DNA becomes
fragmented through these reactions
(Fig. 5), whereas copper or catechol
alone do not cause any detectable
damage.

ie.

Congclusions

The examples mentioned above show
thar the anthropogenic inputs of cop-
per into natural waters lead to measur-
able levels and thac these, in turn, cause
changes in the composition of narural
associarions of organisms.

For this reason, the diffuse inputs of
copper into natural waters (and also
into the ground) should remain as low
as possible. Copper is often used in

Cu in aquaria, uM + | 0 (0050108 115 Fig. 4
Changes in the nasural compo-
pgl =+ 0|39 |863|32 |63 |35 gron of an algal communisy
Oacystis nephrocyticides | o 1 © 1 010 1O (O} aféer the addision of copper.
The circles indicate the relative
Scenedesmusspp. | 0} 0 4 Q1o ) - | - [frequency of three species of al-
Oscillatoria sp. Of- - . - gae for the given Cu concenyra-
sions [8].

long-lived products which will emit
copper for many years in the future.
The inpurs should at least not increase,
i.e., the use of COpper iR encasements
of buildings being subjected to weath-
ering as well as its use in agriculture
should be open ro critical examination.
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Concentrations (A} and loads (B) of the whiten-

ing agent DAS found at NADUF sampling
stavions in 1995, Levels for several sites not
shown are in the gray band. Among thess are:
Rhine at Diepoldsan and Reckingen, Thur at
Andelfingen, Aare at Bern and Hagneck, Saane
at Giimmenen and Rhone ar Chancy,
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Chemicals from Detergents
and Cleansing Agents
in Swiss Rivers
Something is Always Left

Some chemicals from detergents and cleansing agents enter natural
waters through domestic and industrial wastewater discharges. The
concentrations of whitening agents in Swiss rivers suggest that
different input sources exist, This information can be used to asess
the material flows of these substances in Switzerland. The levels of
non-ionic active surface compounds (tensioactifs) of the nonylpheno!
polyethoxylate type and their intermediate degradation products in
Swiss waters suggest that the measures dictated by the Swiss Ordi-
nance on Substances of 1986 may be inadequate.

Large amounts of detergents are being
used in household products, industry
and trade. The annual consumption
in Swizzerland amounted to approxi-
mately 145,000 tons, or 20 kg per
capita, in 1996 [1]. The disposal of
most of these chemicals occurs through
domestic and industrial wastewater
discharges, while small amounts from
domestic sewage treatment plants can
also enter natural waters.

Today’s detergents are composed of
a relatively complex mixture of sub-
stances with up to 20 different com-
ponents. The individual components
exhibic different behaviors during sew-
age treatment process and in narural
waters [2]. Modern chemical analysis
can detect most detergent chemical
components selectively and sensitively
as well as measure them quantitatively
{31

In this article, we will discuss our
research efforts to asess inpuss of (a)
whitening agents and (b) non-ionic
surfactants of the nonyiphenol poly-
ethoxylate type to Swiss waters. These
two groups of compounds have been
comprehensively scudied at EAWAG
in several doctoral theses [4, 5, 6, 7].
These projects include the develop-
ment of chemical analytical methods,
studies in the laboratory and field, as
well as modelling the environmental
fate of detergent chemicals.

Whitening Agents from
Detergents

Whiter than White ~
even in Rivers and Lakes

Many detergents contain whitening
agents in small amounts {ca. 0.1%)
which give textiles a whiter color by
radiating light. The two most impor-
tant whitening agents are DAS (a di-
amino stilbene) and DSBP (a distyryl
biphenyl}. Previous studies [5, 6] have
resulted in the development of ana-
lytical rechniques assaying these sub-
stances in sewage and sewage sludge
and have produced considerable infor-
mation both on the behavior of these
compounds in sewage treament planes
and their photochemical degradation.

In order to carry out such investi-
gations in narural watess, the devel-
opment of a quantitative merhod for
measuring trace concentrations of the
whitening agents was needed [7]. In
this procedure, the whitening agents
are concentrared from aqueous and
solid samples and subsequently mea-
sured using high-pressure liquid chro-
matography {(HPLC).

During our investigations in the
Greifensee, the occurrence of whit-
ening agents in sediments and their
dynamic behavior were studied by
measuring warter samples from 10 sam-
pling sites in six Swiss rivers for one
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year, The measured concentrations
generally between 10 and 120 ng/l,
with values as high asof 1000 ng/l.
Two week samples were collected flow-
proportionally at the measuring sites of
the national program for the concinu-
ous monitoring of Swiss rivers (Natio-
nalen Programmes fiir die analytische
Daueruntersuchung  der schweizeri-
schen Fliessgewidisser, NADUF). Fig. |
shows the results for DAS as concentra-
tions (ng/l) and as loads (mg/inhabit-
ant and day). The two sites, Rheins-
felden (Glatr, ZH) and Weil (Rhein
below Basel), exhibir elevated DAS
concentrations. After converting the
concentrations to loads, or material
flows, the Wil site illustrates 2 special
case where much of the DAS originates
from industrial wastewater discharges
being discharged into the river from
2 chemical plant at Grenzach on the
Rhine. The whitening agent DAS is
produced there, and 2 small amount of
this product is lost through industrial
wastewarer. At the site Porte du Scex
on the Rhone, a similar situation for
the other whitening agent, DSBE is
observed, which is produced at Mon-
they in the Canton Valais. This type of
environmental monitoring enabled us
to identfy the locations of the plants
manufacturing these compounds; the
whitening agents function as molecular
indicators for the industrial wastewater
inflows.

Material Fluxes for Switzeriand

Known concencrations in rivers and
in the inflows ar the various sampling
sites permit a materials flux analysis ©
be carried out — the system boundaries
defined by the national borders. The
results are shown in a simpiified form
in Fig. 2. The results indicare that
13% of the whitening agents used in
households reach natural waters which
corresponds to 8 tfyear for a consump-
tion of 60 t for the year 1995. Cerrain
amounts of whitening agents enter
wastewater during production of these
substances, although their rtechnical
syntheses have been optimized to limit
such discharges. The relatively large
amount of 18 t/year corresponds to
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Fig. 2

Material fluxes for whitening agents in Switserland. Maserial flux estimates for 1995 are indicared

In tons per year.
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0.5% of the annual production. Such
marerials flux analyses permir a com-
parison of the various inputs and
outputs in a larger system. As both
whitening agents are being produced
in the carchment area of Swiss waters,
a special situation arises concerning
the relationship berween inpus from
industry and inpur from houscholds.

Nonylphenol Compounds:
Consequences of the Swiss
Ordinance on Environmental
Pollutants of 1986

Nan-ionic Surfactants
in Municipal Wastewaters

investigations on nonylphenol poly-
ethoxylates (NPnEO, non-ionic sur-
factants), were carried out at EAWAG
from 1980 to 1984, Also studied
were their biodegradation metabolies,
nonylphenol (NP), nonylphenol mo-
noethoxylaze (NP1EQ), and nonyl-
phenol diethoxylate {NP2EO) {4, 9,
10]. The results of these studies were
partially responsible for the ban on
the use of the NPnEQ surfactants in
detergents as dicrated by the Swiss
Ordinance on Substances of 1986.
Furthermore, the producers no longer
added NPnEO surfacrants in deter-
gents used by the general public, The

1997/98 studies investigated the effects
of both the NPREO and the measures
of the manufacturing industry on the
residual concentrations of nonylphenol
compounds in the aquatic environ-
ment.

The analysis of the NPnEO sur-
factants as well as their merabolites
in wastewater and river water samples
is based on a solid phase extraction
with subsequent normal phase HPLC
and fluorescence detection. In 1998,
NPnEQ surfactants could still be
derecred at concentrations of 0.1-
0.2 mg/l in municipal sewage {Fig. 3A).
In comparison to pollution levels in
1983, there has been a reduction of
NPnEO by a factor of 5-10. In the
weekly cousse of concentrarions in
treated wastewater from the sewage
treatment  plant  Zurich-Glatr (me-
chanical and biological steps) shown
in Fig. 3A, a clear decline can be seen
on Sunday, suggesting substantial .in-
puts from industrial and institucional
sources. :

To dare, the origin of the derected
NPnEQ surfactants is unclear, as in
1997 only 23 t of NPnEO were used in
manufactured products according t©
reports from industry. A total of 3450 t
of LAS surfacrants (the most imporzant
anionic active compounds) was pro-

13
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(A) Concentrations of nonylphenol polyethoxy-
lase surfactants in mechanically-treazed sewage
efffuents of the City of Zurich.

(B) Concentrations of nonylphenol (NF), non-
ylohenol monoethoxylate (NP1EQ} and non-
ylphenol diethosylare (NP2EQ) in biologically
treated effluents from sewage rearment plants
in the Canton of Zurich,

duced thar same year. Conversely, in
the region of the European Union, the
annual amount consumed is given as
65,000 t, a large part of which is being
used in applications not relevant to
wastewater, The results presented here
should consribute to our ability to
derect inputs of NPnEOQ surfactants in
domestic sewage. Furthermore, these
results may be used as evidence for the
necessity of the implementadon of
additional measures for reducing pol-
lution levels. Furcher clarification of
the existence of “hot spots” in cerrain
wastewaters with elevared levels is
needed. For example, the wastewater
of a communirty in Eastern Switzerland
contained 0.4 mg of NPaEO/] and this
elevated high level could be traced to
wastewater from textile plants.

Toxic Degradation Metabolites
in Treated Wastewaters and Rivers

The investigations carried out in the
early 1980’ have already shown that
intermediate biodegradation products
of NPnEOQ surfacrants can be derected
in the outflows of sewage treatment
plants as well as in rivers [4, 9, 10;
these include the less water-soluble,

14

lipophilic NI, NP1EO and NP2EO

"which are more toxic than the parens

surfactants used as active compounds.
It has recently been determined thar
the lipophilic metabolites, especially
the non-ethoxylated nonylphenol, act
as estrogen mimicking substances, i.e.,
as female sexual hormones and may
participate in the disruption of the
endocrine system.

Figure 3B shows the concentration
levels for NP, NP1EO and NP2EO
in the outflows of sewage treatment
plants from the Canton Zurich. Plants
in Eastern Swirzerland exhibit even
higher levels in some cases (max. con-
centration for the sum of NI, NP1EO
and NP2EO: 24 pg/l), where the
sewage treatment plants receive con-
taminated wastewater from the textile
industry. During the winter months,
higher levels are generally found, which
may be explained by the slower rate of
biodegradation ar lower temperatures.

Figure 4 shows the concentrations
for NP, NP1EO and NP2EQ in weekly
composite samples from the Glar
River near Rheinsfelden. Conspicuous
are the significantly higher NP levels
in winter, reaching a maximum con-
centration of nonylphenol of 0.45 pg/l.
The sampling site near Andelfingen on
the Thur resulted in a somewhar differ-
ent picture whete the highest NP2EO
concentration of 2.5 pg/t occurred in
February of 1998. Two of the three
NADUF sampling sites along the
Rhine (Diepoldsau and Rekingen)
showed distinctive winter maxima
for nonylphenol, whereas at Weil am
Rhein below Basel, no seasonal fluc-
tuations were observed.

The contamination of the Glatt by
NP NP1EO and NP2EO has been
reduced substantially over the past ten
years as illustrated by levels measured
in the Glatr in 1983/4 (Fig. 4). It
should also be noted thar over this
period of time, two important sewage
trearment plants have been extended
and bertter removal of organic com-
pounds from wastewater has been
achieved.

The PNEC level used today

(predicted-no-effect-concentration  at

d 1989404

08 <0121 g 8PE
0.7-02 pg NP1EOA
1.0-32 g NP2EDH

0.4

# NP
% HPIED
A HP2ED

AI.!.;JASOND%J

FMAMI JAS
1087 1993

Fig. 4

NE NP1EQ and NP2EQ concenrations in the
weekly composite samples from the NADUF
sanpling site at Rhesnsfelden on the Glate (Can-
ton gf Zurich).

which no damage can be expecred) in
the risk assessment of environmensally
active compounds is 0.7 pg/l for nonyl-
phenol; the NP concentrations found
in the Glatr in 1997/98 were berween
20 and 60% of the PNEC level. It is
currently being discussed in Swirzer-
land and internationally whether the
use of NPnEQ surfaceants should be
further reduced.

{1] Verband der Schweizerischen Seifen- und
Waschminelinduste  (SW1), Jahresbericht
1997,

Alder A.C, Siegrist H., Fent K., Egli T, Mol-
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922928,
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mens. Chimia 31, 871-877.
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Warer Research 32, 2041-2050,
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Development of tricium concentrations in pre-
cipitation over time. The “bomb peak” in she
carly GUs served hydrologists for a long time
as marker. Nowadays in most eases the decay
product THe bas to be measured in addition, in
order to date water.

1 TU Gritinm unic} i equivalens to @ SHIH
ratio of 108 (per TU this are only 6.7x 107
atoms SH per litre, e.g, Lake Baikal with its
huge volume of 23,000 b contains only 150 g
tritin. .

Werner Aeschbach-Hertig, Markus Hofer, and Rolf Kipfer

Tracers in the Study of
Water Cycles

How fast can polluted water reach drinking water wells? How quickly
are groundwater reserves renewed? Selected environmental tracers
provide answers to such questions and hence foundations for a
rational, sustainable management of water resources.

The Time Dimension in
Aquatic Systems

How quickly is the oxygen-poor, nutri-
ent-rich deep water in a lake replaced
by fresh warer? Daes the ground warer
travel longer than 10 days through the
ground, as required from a hygienic
point of view, before ir is pumped?
When has a contaminant been broughe
into the ground water? How fast is it
degraded? How long will it rake uncil
it will arrive ac the next drinking warter
well?

All of these questions deal with the
transport of water and dissolved sub-
stances in narural aquartic systems,
though we often lack the temporal
information to answer them. In those
parts of the warer cycle that are invis-
ible — the deep water of lakes and
oceans and the ground water — warter
exchange rares or water residence times
are often unknown.

Environmental Tracers to Date
Water

We, therefore, need methods to mea-
sure time in aquatic systems. Such
methods are based on so-called “envi-
ronmental tracers”. These are tracers
that we do not purposely add w0 the
water, bur which are already present
in the environment. The temporal
information is derived from their
time-dependent behavior, e.g. a time-
variable inpur or a radicactive decay.
Since environmental tracers usually
enter the warer cycle from the atmo-
sphere, the conract of water and air
defines the starting point of the time
measurement. As a result, we obrain a
“water age” which corresponds to the

residence time of the water beneath
the surface, i.e., in a system sealed off
from the atmosphere.

The best known dating tracer in
hydrology is tritium (*H). Tricum was
released to surface waters in a pulse
in the early 1960s (Fig. 1). The cause
of this so-called “bomb-peak” was
armospheric nuclear weapons testing.
Ever since then, the resulting global
environmenral pollution serves as a
marker of the rainwater of thar time.
Today, however, the input curve has
flattened so that tritium on its own s
no longer sufficient for many appli-
cations. Yer, there is the possibility to
also measure 3He, the decay product
of critium. The combined *H/°He
method allows reliable dating in the
range of weeks to several decades.

A Broad Palette of Methods
Available

In addition to the 3H/2He method [1,
2], a whole palette of tracer methods
is presently available at the EAWAG 31
and co-operaring university inseitutes
[4]. Several noble gas isotopes are suit-
able for daring, on time scales ranging
from days {5] to millions of years. For
young waters, anthropogenic trace
gases such as CFCs [6] or SFgare used;
for longer time scales, the radioisotopes
4C and 3°Cl are appropriate.

Other tracers do not yield time
informarion, but serve to discern
waters of different origin, and thereby
contribute to the determination of
mixing ratios. The simplest example is
elecrrical conductivity. Boron isotopes
serve as markers of anthropogenic
sources {3]. The stable isotopes deute-
rium and PO as well as the noble gases
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Comparisin of oxygen depletion rases in three lakes. Displayed is the consumed oxygen (negative
oxygen excess) as a function of the *H 3He water age.

can provide information about the
conditions at the infileration [7].

Oxygen Depletion

The excess of nurients in lakes leads
to an accelerated depletion of oxygen
in the deep water. Only by mixing
with surface water can oxygen be re-
plenished. The longer the deep warer
remains isolated (the older the water),
the more oxygen vanishes. In Siberian
Lake Baikal, with its small anthropo-
genic load, we always find sufficient
amounts of oxygen, despite enormous
depths (1600 m) and high warer ages

(18 years). No more than 3 mg/l have
been consumed (Fig. 2). The sicuation
is totally differenc in Lake Zug, where
already at a water age of 4 years, the
complete oxygen reserve of 12 mg/l has
been consumed. The consumption rate
is 20 times greater than in Lake Baikal.
In Lake Lugano as well, there is no
oxygen left beneath 100 m depth, bur
there the water residence time of
12 years is already surprisingly high.
The main problem in Lake Lugano is
not the large depletion rate, bur the
weak mixing [1].

In ground water, the oxygen content
also decreases with increasing residence
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Age of Water [d]
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Vertically enlarged secsion through rwe river bends in the Linsental. Versical lines correspond to bores
with their screens (bold). The pumping stations dvaw water from about 10 m depth. The *Hi*He-ages
measured in November 1996 and 1997 exhibit a mostly vertical sructure of the age distribution.
Young infilirate from the river is found only in the shallow bores of the proving ground (stated ages

there are averages over several boreholes).
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gime. In the Linsental, a reach of the
Téss Valley near Winterthur, oxygen
saturated river water infiltrates the
subsurface. But in the ground warer
immediately below the riverbed, which
is still very young (less than 100 days),
2-3 mg O,/l have already disappeared
[8]. Later on, the oxygen content de-
creases only stowly with increasing age.
Thus oxygen consumption occurs pre-
dominanty during the infilration of
the siver water in the riverbed, where
the highest biological activiry takes
place.

Vertical Stratification in Aquifers

In the Linsental, drinking warter for
the city of Winterthur is pumped from
the ground water. Could this exploita-
tion be affected by the planned natural
rehabilitation of the river? The pump-
ing stations draw water from a depth
of abour 10 m (Fig. 3). In addition,
there are deeper boreholes as well as a
group of shallow bores near the river,
which were constructed for the study
of river infilration. At the dme of
sampling in November 1996 and 1997,
the mean 3H/3He-age in the shaliow
wells was 80 and 30 days, respecsively.
In the deep boreholes and the pumping
starions, the age was high throughour,
ranging berween 270 and 940 days
[8]. It seems that in the deep aquifer
a large-scale groundwarer circulation
dominates, whereas the local river infil-
tration affects only the uppermost part
of the aquifer; therefore, changes in the
course of the river are not a threat to
the pumping stations, as long as they
are installed at sufficient depth.

We also found a serong vertical strati-
fication of the ground water in the
Blenio Valley, based on the indicators
of conductivity and water age. The
stratificarion was particularly evident
in a borehole next to a tribusary of the
main river Brenno, which is screened
over a depth interval of 10 m. In the
upper part, the inflowing water is
young and fresh with a low conductiv-
ity; in the lower part, it is old and has
a high conductivity. A comparison of
the conductivities with the values in
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Map and longitudinal section through the up-
per Glar Valley as well as development of the
H(C-ages, In the aquifer confined by a thick clay
layer the ages increase to almose 30,000 years.
The lowermost part of the system has been
disturbed by a drinking water well near Diiben-
dorf, where today much younger water is being

pumped.

the rivers suggests that the upper water
has locally infiltrated from the tribu-
tary. The deeper ground water may
otiginate from the Brenno, bur from
a location distincdy upstream, and
thus has already experienced a long
residence time in the ground.

Environmental Tracers as Tools
for Groundwater Protection

Such results demonstrare the relevance
of environmental tacers for ques-
tions of groundwater protection. The
mean water age of the drinking water
pumped from wells yields clues as to
the effectively relevant carchmenr area
and the endangerment of the well with
respect to conramination. If the mean
water age in a well lies in the range of
weeks or a few months, the major part
of the water probably originates from
the immediate surroundings. Mence
strict measures within a restricted pro-
tection zone appear necessary. If in
contrast the mean water age is in the
range of years, which according to
our experience is more often the case
than expected, a larger area, possibly
the whole drainage area, should receive
some protection. In rerurn, large wacer

ages render some time for interven-
tions, and therefore more moderarte
measures of protection may suffice.
A berter knowledge of groundwater
residence times would so conuibure
to a more appropriate quality manage-
ment of this viral resource. With tracer
studies on existing wells one might
experiénce some surprises, as in the
Glart Valley, where for some time un-
knowingly groundwarer was pumped
which had infiltrated during the last
ice age. At about 100 m depth in the
Glarr Valley there is an aquifer which
is covered by a thick, impermeable
clay layer (Fig. 4). Tracer dawa - in
this case mosdy 'C-activities — show
clearly that the water reaches an age of
almost 30 000 years, before it is
pumped in Dibendorf [7].

As a result of the pumping appar-
ently the flow conditions changed in
such a way that today younger water
is attracted, probably from an upper
aquifer through the confining layer
which is relatively thin here. In the
past, the pumped water contained no
gricium and no oxygen, yer today it
does. Hence, the pumping does not
simply deplete an old water deposir,
but due to the inflowing young water
a new steady state has formed which
can be sustained in the long term.

Sustainable Use of
Groundwater Reserves

The sustainable exploitadon of old
groundwater reserves CORSTTUtes an
imporeant problem in arid areas, where
hardly any water is renewed and old
groundwater deposits often form the
only reliable water resource. Tracer
methods and flow models shall more
often be used in such areas to deter-
mine the recharge rate and hence the
amount of water available for a sustain-
able management. An example comes
from Botswana, where the capial
Gaborone is supplied with warer via
a pipeline from a remote reservoir. A
groundwater bearing area along the
pipeline shall serve as a stock for times
of need. One wants to infiltrare excess
water and store it in the aquifer. If

water is lacking, groundwarer shall be
pumped and admitred to the pipeline.
The question is how fast the stock
can be renewed. CFC measurements
show that the groundwater is ar least
35 years old. The renewal is hence
very slow and the aquifer can only to
a limited extent serve for water storage.

Conclusions

Environmental tracers allow the mea-
surement of water ages in the sense of
residence times beneach the surface as

well as quantification of fluxes of water

and dissolved substances in aquatic

systems; therefore, tracer methods

provide an indispensable tool for the

rational and sustainable management

of water resources.
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Water Use and Food Production —

An International Coll

- Aleeander /B, Zebnder

m* Water/cap/a
Fresh Watar
Ranawable (Rain} -~~~ . 10382
Fossil Ground Water 25
aflux from Neighboring Countries] <. - BY
Desalination and Recycling 60
Tota! Fresh Water 586
Virtual Watar
38108 ¢ Wheat . 0 i BB
0.610% t Soybeans _ 07
Q05 T0R T Meat i B
(.08 108 ¢ Dairy Products 15
Total Virtug! Water 828
Total Water Volume 1334

The amount of virtual water was calculated based on
assumptions in §1): the proguction of 1 kg of wheat,
soy beans, legumes or dairy products reguires a
mirimym of 1 m? water, while production of % kg of
meat requires 5 m? water,

Tab. I

Whter availability in Irael in w0 of water per
capita and year. Numbers are average values
caleulated for the years 1992.-96, in part taken
Jrom [6] and based on & population of approxi-
mately 5.7 million in 1995,
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aboration?

Food production accounts for the largest portion of fresh water in use
today. Countries with a fresh water shortage compensate by import-
ing food. The rapid population growth predicted in the next few
decades will rather dramatically increase the demand for basic foods,
which will especially affect those nations with limited freshwater
resources. Because of the close linkage between water and food
production, water will be one of the determining factors in future

economic developrment.
Water Demand

In industrialized countries, the per
capita consumption of fresh water for
basic human needs, such as drinking
water, hygiene, living and food (2500
3000 keal per day), as well as industrial
activities, lies berween 1400 and 1800
cubic meters (m?) of fresh water per
year. By increasing efficiency, especially
in agriculture, this amount could be
reduced to 1000 m?. Three quarters of
chis volume of warter is used in food
production [1]. '

Water Household

In Switzerland, approximarely 1800 m?

.of fresh water are available per person

per year. This amount results from the
amount of rainfell (ca. 6400 m?) plus
influx from neighboring countries (ca.
1100 m?), minus export via major
rivers, namely the Rhine, Rhéne, Tici-
no and Inn (about 1800 m?3). Germany
and The Netherlands also have about
1800 m? of water available per person
per year. The warter balance in their
case is as follows: Germany: rainfall =
1200 m?, input from rivers = 1300 m?,
export by rivers = 700 m? The Nether-
lands: rainfall = 700 m?, input from
rivers = 5300 m?, export by rivers =
4200 m?. Both countries depend on
water influx from other countries for
meeting their fresh water needs [2, 31

Israel has an annual amount of only
566 m? per person available and com-
pensates for this water shortage by
importing food. The amount of food

imported corresponds to an annual
volume of 828 m? of “virtual” water
per person {Table 1}. Other countries
in the southern Mediterranean region
exhibir a similar pattern (Table 2).

Food Production

On a global scale, there are six coun-
tries reporting a net export of food
(Table 3). By definition, a country with
a net export of food does not import
substantial volumes of one food type in
order to produce and export another
type of food. Typical “non-net” export-
ing countries, such as the Benelux
states, import substantial amounts of
grains and soybeans for the production
and export of meat. The virtual warter
thar is being exported annually in the
form of the five food types listed in
Table 3 corresponds to 380.3 m3.
Food contains nurrients such as
nitrogen {N) and phosphorus (P). For
soybeans, the average content is 64.5 g
Nand 6.5 g P per kilogram dry weight.
Other foods are as follows: grains,
23.2g N, 4.7 g P; legumes, roughly
like soybeans; meat, 123.4g N, 6.6 gP
pet kilogram dry weight; milk, 42 g N,
8 g P per whole mitk [4). The exported
foods listed in Table 3 correspond to
10.7-106 tons of N and 1.6-10° tons
of P Based on fertilizing practices com-
monly used in Switzerland, only 25%
of the niuogen and roughly 30% of
the phosphorus applied to crops (in-
cluding amounrs from deposition and
nitrogen fixation) is contained in the

produced foods [5], which means that
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the production of the “export” food
requires 47-10° tons of N and 5.5-10°
tons of P in the form of fertilizers
of any kind. Currently, synthetic fer-
tilizers produced induserially amount
to 120-10° tons of nitrogen fixed an-
nually. A little more than one-third of
that amount is, therefore, being used in
the production of “export” food. The
remaining nitrogen is recycled through
denitrification (299%), voladlization of
ammonia {26%) and nitrate leaching
(22%). The excess phosphorus is accu-
mulating in the soil [53}.

A Giance toward the Future

Demographic developments projected
for the next few years will increase
the number of countries with less than
1000 m? of fresh warter per person per
year. The countries most affected by
this trend will be many African coun-
tries as well as Afghanistan, Iran, Peru
and Haiti. With current flow volumes
of major rivers like the Ganges and the
Jangtse, large areas of India and China
will also experience water shorrages
(Fig. 1). The construction of dams
may provide some relief however,
none of the rivers can be used to 100%
capacity, which would be necessary for
complete coverage of the fresh warer
shortfall.

The number of countries with suffi-
cient water, fertile soil and appropriate

~ Food oroduction areas with northem and scuthern boundaries

Water, soil and climate aliow substantiai food productien for export

4 Not enough water for domestic food production is available

Sufficient water availabie only if all streams are dammed and used to capacity and no
watar reaches tha acean

:I Sufficient water for demestic food prodiction is available
Fig. 1 :

Water as the limiting factor in food production. Acmual and potential food exporting and importing
countries, today {top} and in the year 2025 (borrom).

climate conditions for food production
is not likely to increase over the next
25 years (Fig. 1). The countries with
good conditions will, therefore, have to
undergo a paradigm shift. In the next

ported to alleviate water shortages, and
yer the economy is healthy. Tourism
is well developed, and Israel produces
industrial and agricultural goods of
small volume but with relatively high

prices {so-called “cash crops”). If coun-
tries threatened by a lack of water are
able to compensate by producing high-
value export goods, any threat to the
overall economy posed by water defi-

century, they will have the obligation
to increasingly produce food for export

purposes, Western European countries Morotco | Algeria | Tunisia Liaya Egyat Israel
will have to increase agricultural pro- Aenewabla Water Sources 1100 515 483 110 28 392
ducdon, while Eastern Europe will |FossilGroondWater .o ol | e podan o T
have to employ more intensive farming | Influx from Neighboring Countries n 15 102 n B8O 89
practices. Desaliation and Recycling = f- <l ] 20 T3 b e 60

In order to maintain overall eco- |TowifreshWaer 1190 568 | - 608 908 934 566
nomic health, however, there has to be  |ViwalWatermfFood o000 | 183 | d05e| D asT B Re ) TE | saa
a financial balance berween imporrand [ Total Volume of Water 1773 853 852 | 527 | 1108 | 13%

export of goods in countries with water
shortfalls. Israel is a good example of
how this can be accomplished. Signifi-
cant amounts of food must be im-:

Tab. 1

Actually available and virtual (imported) water in countries of the Southern Mediterranean,
Numbers are calenlated as n? of water, per person and year and are averaged for the years 1992-96
using census numbers for 1995. Calenlations are based on data from [2, 3, 6].
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Producers | Argentina | Australia | Demmark | France | Canada USa 1 Totalof | Remaining | World " Austialia, Denmark and
§Major | Countries | Total France import soy beans;
fand Broducers volumes are (.07, 0.1 and 0.6
million tons per year.
Soybeans 26 - * " 0.5 23 24.4 71 15
Grains 124 144 20 w9 | M4 § 0 G0B § 1739 67.5 w4 Tab 3
Legumes 02 05 01 1.0 10 05 33 38 A A"")"ﬂlﬁwd expors (million
. tons).
Meat 94 13 ] 13 17 06 26, 18| 8 R e e 1992~
Dairy Procurts | 0.1 0.4 0z 17 0l 03 28 80 | 08| oss e

ciencies is much smaller than would be
assumed based on analysis of the water
budget alone.

Consequences for the Future

o The strict linkage berween food pro-
duction and the availability of fresh
warer will make water the driving force
in future economies. The rapid popula-
tion growth in countries with small
fresh water resources will at least qua-
druple global food expores by 2025.
Based on current grain prices, this
would be approximately 300 billion
USS$, which is roughly the size of the
current market for fossil fuels.

o Increasing food exports and the
correlating nuwrient exports will fur-
ther open up and accelerare nutrient

cycles, which will have corresponding
environmental consequences {mostly
eutrophicarion), for both producing
and consuming countries, New and
stronger environmental protection and
management measures must be purin
place.

® Food shortages increase economic
and political dependencies. Food-
exporting countries (which are, with
a few exceprions, the same as the
industrial countries) are challenged to
increasingly support economic devel-
opment in countries wich serious water
shortage; otherwise, migration pres-
sures will increase on countries with
sufficient water and food supplies. The
international communicy will have to
show solidariry towards countries thar
are less forrunate with respect to water

resources, soil conditions, natural re-
sources or climatic conditions.
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Opening ofﬁhé New EAWAG Workshops

Up untit last year, the EAWAG workshops were located ar Tiffenswies

in Ziirich-Alrsteteen, about 12 km from the main EAWAG buildings

in Ditbendotf. At a receprion held -on June 18 1998, the new
EAWAG workshops, situated in newly renovated rooms in the se-
called North-East Building of the EMPA/EAWAG complex, were

officially opened. The new facilities were introduced to the rest of

the EAWAG employees, who only had o go on a shorr walk to reach
the new localiey. ‘ :
The “ETH Advisory Office for Wastewarer Trearment and Drinking
Water Supply” (the former name of EAWAG) established its first
field experimenation facilicies on the grounds of the Wastewater
“Trearment Plant Werdholzli in 1937, In 1953, EAWAG obrained 2
new space in Tiiffenwies. There was toom for offices, workshops,
“laboratories and a large experimentation hall (180 m?), as well as
ourdoor installacions, such as an experimental wastewazer treatment
plant, a channel syscem used for experimentation on seceiving bodies
of water, and other installations which were changed and adapred
depending on the focus of the research. | '
The significans distance berween EAWAG's main buildings and the
experiment station has always been perceived as'a rather severe

disadvantage. Ir was decided several years-ago; to move the entire..

facility to Diibendorf, The recent dedication of the new workshops

is only the beginning of the end of a long and tortuous path which

had to take various derours and hit several dead-ends. Moving the

main experimentation hall taok place in 1998 to the new location on -
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the area of the old EMPA storage tank facility nexe to the Chriesbach.
The employees of the EAWAG workshops are looking forward to
having closer contact with the rest of the EAWAG crew and to
ineeracting more directly when working on all the various projects
sequiting the assistance of the workshops. .~ Hams Burkhalter

The Open Hotuse was celebrated with several new pieces of miachinery anid
a well organized stockroom. T R
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Fig. 1

Tove A. Larsen

Tove A. Larsen

Nutrient Cycles in Urban

lanagement

Technical Capabilities of Elimination
and Recycling Processes

Sanitation of urban areas is an invention of the 19" century; water
protection is the child of the 20t% century. What challenges will the
21st century pose to urban water management? Sustainable manage-
ment of water resources, as proposed at the conference in Rio de
Janeiro in 1992, is a possible candidate. Nutrients represent one of

these resources.

Envirenmentally
Relevant Nutrient Emissions
in Switzerland

In an environmental context, the ele-
ments nitrogen (N) and phosphorus
(P) are considered “musrients” because
they contribute to excessive growtch
in ecosystems. The major environmen-
tally relevant emissions (i.e,, excluding
the emission of nitrogen gas, Na) are
summarized in Fig. 1. Atmospheric
emissions have a bad reputation mostly
because of their role as pollurants,
bur they also play a significant role in
the eutrophication of terrestrial eco-
systems.

Environmentally relevant N and P
emissions from municipal water sys-
tems are released into aqueous environ-
ments only. There are no atmospheric

Atmosphere -

NH; (51)
N,O (8)

NO7 (37)
PO (2)

NO3 (30)
¢ PO~ (2)

Envirenmentally relevans N and P emisions in Switzerland in 1994, Units are krons N or P per

year [1, 2],

emissions: ammonia {NH;) is not
released from waste water (essendially
a dilute solution), and it can be dem-
onstrated that emissions of nitrous
oxide (N,0O) do not play a significant
role [3]. '

Nitrogen is released into aquaric
environmenss predominantly in the
form of nitrate (NO3). Emissions from
agriculture and municipal wastewater
systems are of the same order of mag-
nitude. Nicrate from agriculture is
mostly released into the ground water,
while inputs from municipal waste-
water mainly ends up in surface waters.
Measures restricting nitrate emissions
from agriculture usually have higher
priority, because they are, on the one
hand, more cost-efficient and, on the
other hand, more effective in protect-
ing the atmosphere and ground and
surface waters [1].

Nutrient Cycles in
Wastewater Treatment Plants

Figure 2 presents the distribution of
N and P in the process units of a typical
wastewater treatment plant. Three dis-
tinct mass fluxes are represented: waste
water, outgasing, and sewage studge.

- The biological treatment step typi-
cally retains 20% of the nitrogen and
40% of the phosphorus as a conse-
quence of incorporation into biomass
during the degradation of organics.
Depending on the subsequent. rtreat-
ment of the sludge, more than half of
the nitrogen can be released and fed

21
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Nutrient Fluxes in a Sewage Treatment Plant

cob- P-
Elimination Elimination

Nitrification Denitrification

10-25%

A40-55%

40%
Fig. 2

Nutrient fluxes in a typical wastewarer treatment plans.
. . - . . - - - -
Arvows indicate the disiribution of nutrients into sewage sludge (. L), owugassing (T), and effluent

{ta the right).

back into the biological trearment stage
via the digester supernatant. Any phos-
phorus released is rerained in the con-
centrated sludge because of precipita-
tion reactions [4].

In chemical P-eliminarion, 80-95%
of the phosphorus can be rerained
in the sludge by the addition of iron
or aluminum sales. When stricr efflu-
ent restrictions apply, an addirional
fileration step may be necessary at an
addirional cost. Biological N-elimina-
tion (denitrification) typically removes
30-40% of the nitrogen and can be
achieved by relatively simple means
(i.e., a small preceding denirrification
zone). If Rurther denitrification is re-
quired, larger basins are needed, and
the cost increases faster than the degree
of nitrogen elimination.

Trends in Nutrient Elimination

In Swirzerland, the discussion is con-
centrating on denitrification and bio-
logical P-elimination. A reduction of
nitrogen emissions by 2 kt/yr (based on
1995 levels) is projected for the year
2005. A new and promising process for
N-elimination in the digester super-
natant is currently being investigated at
EAWAG [5]. The process appears to be
working best in ammonia-rich warer
which is ar the same time poor in
organic marerial, presumably accord-
ing to the following principle: half of
the NH* is oxidized o NO3, with
subsequent oxidation of the remaining
NH{ by the NO; under anaerobic con-
ditions. The final product is pure Na.
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This will significantly increase overall
denitrification by removing another
15% of the influent nitrogen. The ma-
jor advantages of this process are that
it does not require organic substrares
and overloading can be prevented by
the addition of concentrated digester
supernatant.

Biological P-elimination is mostly
sutted for larger plants, since it is oper-
ationally rather demanding. If the
plant uses nitrification, a denitrifica-
tion step is also needed (because of
process engineering requirements); as
a consequence, the reactor basins have
to be significantly enlarged. EAWAG
is currently investigating biological P-
elimination with respect to optimizing
the combinarion of nitrification and
denitrification steps.

Nutrient Reycling:
A New Mission for Urban Water
Management?

An obvious alternative t nutrient
elimination is nutrient recycling in
agriculture. A few arguments for this
solution are:

® Phosphorus reservoirs are limired;
current estimates predict depletion in a
few hundred years.

© The quality of phosphorus reservoirs
is decreasing; the concentration of
heavy mesals and the cost of produc-
tion will increase.

© Sconer or later, phosphorus will
have to be recycled, and it could, there-
fore, be economically advantageous to

simultaneously recycle other nurtrients
(especially nitrogen and potassium
which occur in the same amounts as
phosphorus).

@ The minimization of material Huxes
is one of the main strategies in reducing
anthropogenic impacts on the environ-
ment and, at the same time, fits into
the concept of ecological agriculture.

Bur are levels of nutrient emissions
from urban water systems relevant
for agriculture? Table 1 presents the
budger for N and P in Swiss agricul-
ture. Only imports and exports are
considered, while the internal recycling
of agricultural waste products is not
included.

Nutrients exported under the cate-
gory “foods” will mostly re-enter the
urban water system. It is obvious that
these nutrients could replace a signifi-
canr portion of artificial ferdilizers;
however, interpretation is complicared
by the relarively high losses (N) and
massive storage (P). Today’s agricul-
tural practices rarger smailer nucrient
losses in order to reduce imports {1]. -
In the case of phosphorus, it is clear
that due to permanent storage of P in
the soil there will always be a demand
for phosphorus ferdlizers (weathering
processes are being ignored at this
point).

The expore of nitrogen (in its nutri-
ent form) could be, cheotetically, com-
pensated for by the use of biological
N-fixarion, although we will not dis-
cuss here whether this is desirable from
an agricultural point of view.

Phosphorus] Nitrogen
lktfyear] | Iktufyear)
Impart | Feeds B 25
Mineral |7
Fertifizer - | "
Fertilizer 2 5
from Waste
Deposition - | 10 k36
N-Fixiation R
Export §Foods. " " | s T AL
losses | 2 141
Storage 17
Tab. 1 '

N- and P-budget far Swiss agriculture [5].
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Technical Possibilities of
Nutrient Recycling

Current nutdent recycling practices
in urban water managemenrt are practi-
cally limired to phosphorus. Conven-
tional processes (i.e., precipiration with
iron salts) concentrate phosphorus in
the sludge, while newer processes try
to achieve precipitation of a crystalline
form of phosphorus in a separare step
(6. Precipitation products are calcium
phosphate or MgNHPOy. These pro-
cesses require the intensive use of
chemical reagents, and it is, therefore,
uncertain ar this point whether or not
they will be economically comperirive.
(Note: this is not true for similar pro-
cesses which are already being used in
the treatmene of digester supernarant
and have proven to be economically

feasible).

Nutrient Recovery at the Source

If nutrient recycling in urban warer
systems is extended from phosphorus
only 1o the rest of the nuerients, re-
covery at the source is the only realistic
alternative. Currendy there are two
approaches which are being discussed:
A separate vacuum dehydration step for
toilets or a separate collection of urine,
which conrains the majority of the
nutrients (approximately 90% of N,
50-60% of P and close to 100% of K
excreted by the bodys metabolism is
found urine).

Vacuum dehydracion is being tested
int Litbeck {7]. In 2 semi-decentralized
installation, toiler waste is being col-
lected by a vacuum system and digested
in an anaerobic process. This process

Nutrient Recyciing

Nutriert Traatment

Fig 3
Storage of urine in households and mansport via
the normal sewer system at night. After [9]

uses very little water and produces
biogas in addition to fertilizer. The
major advantage is the high content of
nutrients which can be recovered,
while the need for a separate infrastruc-
ture is the major disadvantage.

The separare collection of urine, on

the other hand, in principle only"

requires a so-called “no-mix” roilet (a
demo toilet can be used and admired at
EAWAG) and a storage tank for the
urine. The storage tanks have to be
emptied, and the urine has to be moved
to be used or cleaned up. The trear-
ment of the remaining waste is then
reduced to the removal of organic
material. This process is being studied
intensively in Scandinavia, particularly
in Sweden [8]. The urine is used direct-
ly in agriculture. EAWAG has devel-
oped a proposal for transporting the
urine [93 which is represented in Fig. 3.
The basic idea is to temporally separate
the two waste streams and empty

the urine tanks at night when there is

very lirtle toilet use. It is not clear at
this point (and will therefore have to
be investigated) whether the urine
may coneain potentially toxic compo-
nents (zntibiotics, hormones, etc.}, and
whether ammonia may be outgassed,
as is known from agriculture (Fig. 1).
From a process engineering point of
view, the separate collection of urine
opens a number of possibilities: if
the processing of urine into fertilizer is
not feasible in smaller communities
during the winter months, eliminarion
processes are probably cheaper when
applied to concentrated solutions as
opposed to the diluted waste scream. In
a transitional period, when only some
of the households are switched over o
the new system, wastewater treatment
plant operators could benefit signifi-
cantly. Peak levels of nitrogen-rich
wastewater would decrease and less use
of mix-water would be required.

Congclusions

The technical development of nutrient
elimination in urban water manage-
ment is far from complete. A rather
new aspect is nutrient recyciing, which

Question from - :
info-Day Participant

“Onr wrine is far ﬁéni
being o -nmaweral prod-
NEE - WE LoRSuME vast-
numbers of medications’
and other biocidal snb-
stances. Is it re:pbmi_f)lf to
trernt suck @ mixture into =3
Jertilizer?” (Werrier Kanz, Cantori' Aargan)

Tove Larsenm: "No,:nor rui;r/;murji_ré:.g:'diérfmia‘!

However, today this urinie is being fod 10

wastewater. weatment planis-without any
sucly precautions, and eien directly released
into streams during bigh tain events. With o'
targeted process to surn urineg inte fertilizer
we expect fewer problems: with these: cam-

pounds in the fisture, although this itill has to

be proven and documented by research!”

has been relacively well developed as far
as phosphorus is concerned. Measures
at the source open up a number of
new options and possibilities, bur need
significant research and development
before being markerable.
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Mireilie Faist and Susanne Kytzia

Food Production

and Resource Util

LY L

ization

How Can a Food Retailer Contribute
to Efficient Resource Utilization?

changes should be.

Susanne Kyezia (with daughter Julia) and influence of Food Retailers

Mireille Faist. ‘
As recently as 100 years ago, food was

primarily supplied through regional
agricultural production. In local mar-
kets, consumers were in direct contact
with producers. Today, the food supply
is virtually global and independent of
season. The food rerailers occupies a
key posirion and can use it in two ways:
on the purchasing side, the distriburor
can influence food production and pro-
cessing through procurement strategies
(also called “pull™strategy in ecologi-
cally-oriented business administration
theory [1]); on the consumer side, the
access to the distribution network and
che range of ist distribution area derer-
mine the success of a product. The
distributor can, therefore, use product
selection and availability to influence
consumer behavior, which is often
called “push’strategy.

Informationen

Infarmalticnen

Fig. 1
Because of iss insermediary position between producers (agriculture and faod processors) and
consumers (households), disiributors can exers thetr influence in both directions (Figure affer Hansen,
1988).
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The major food retailers in Switzerland have introduced a number of
initiatives over the last few years to make their product lines more
“environmentally friendly”. Programs such as COOP “Natura-Plan”,
“pM-Sano” or “M-Bio” allow themn to influence agricultural production
while, at the same time, distinguishing themselves on the market. The
question today is what direction the long-term development of these
distributors should take, how much the environment has benefited
from their initiatives thus far, and where the emphasis for future

In Switzerland, the key role of large-
scale distributors is even more pro-
nounced due 1o the structure of the
food sector [2]. Migros and COOP
share over 40% of the food marker.
Because of their co-operative structure,
they are each able to provide up to
1.5 million households with company-
specific informarion. Both companies
owN NUMErous processing companies,
such as JOWA Back- und Teigwaren
(bakery and pasta products) or Konser-
venfabrik Bischoffszel] (canned fruits
and vegerables). This high degree of
retro-integration is especially pro-
nounced at Migros and is evident in
the large number of foed products sold
under Migros' own label (909%).

Initiatives for
Sustainable Development

Food retailers in Swirzerland have be-
gun to use their role as intermediaries
berween producers and consumers to
actively promote ecological manage-
ment practices. In the food sector,
programs like M-Sano or the COOP
Natura-Plan have created cermain pro-
duction standards in  agriculture.
Among consumers, COOP’s Natura-
Plan has, in patticular, had a very
positive resonance over the last few
years. In urban areas, products mar-
keted under this label account for 10%
of the toral fruir and vegetable volume
sold. Equally well received have been
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Convenience Rest

Foods 2%, 4/ Vegetables/

Potatoes
15%

Beverages
20%

Grains
2%
Sugar/
Sweets
8%

Fruit Milk
14% 20%
Meat  Fish

% 1%

Fig. 2

Compesition of product selections in our case
study. Annually, 150,000 tons of food are put
threugh the system (source: survey by the
anthors).

Migros' effort to find more environ-
mentally friendly packaging options.
An example is the “rube bag” used for
milk which has largely replaced the
material-intensive “Tetra Pak” option
(cardboard, plastic and aluminum
layers). These changes, which may be
obvious to the consumer, are also ac-
companied by company-internal, tech-
nical, and organizational changes in
food processing and distribution such
that the overall environmental benefic
is further enhanced.

Uniil now, however, large-scale dis-
rributors like Migros or COOP did
not have an adequate way of measuring
the benefit — or the damage — of such
initiatives. Withour complete system
analysis, one cannot say, for example,
whether programs influencing agricul-
tural practices are more or less efficient
than che oprimization in product pack-
aging. Similarly, a distriburor cannot
evaluate whether the success of eco-
logically-oriented initiatives is negated
by the ineroduction of new, resource-
intensive products aimed ar different
target groups.

The -presented on-going resarch
project of the EAWAG focuses on this
question. It studies in collaboration
with Migros w what extent a food
retailer can contribute w efficient
resource utilization in the food sector.

Case Study

One of the Migros cooperatives has
agreed to participate as a partner in the
study and has supplied dara for this

study. It supplies an area of approxi-
macely 760,000 people in the Swiss
Midlands and accounts for roughly
10% of the rotal marker volume
Migros has in Swizerland.

Food volumes sold during 1996
form the basis for the material and
energy flux analysis which was per-
formed after [3] {Fig. 2). The analysis
includes production, processing, trans-
port, discriburion and consumption of
the food. Values for energy, warter and
soil consumption are used as indicators
of ecological improvements.

Figure 3 is a simplified representa-
tion of the system “food production”
which is being shaped by activities of
the Migros cooperative. The Migros
cooperative is mostly described in the
process “distribution”, which includes
the distriburion center and all of
the branch stores. The total field of
activities, however, extends beyond the
distribution process; it includes a large
portion of the food processing and
cransport from processing to distribu-
tion. Roughly two-thirds of the foods
sold are processed in some form, while
the balance are sold as fresh produce.
Agricubural production takes place

Packaglng

eicher domestically or abroad, depend-
ing on the product, which mostdy
impacts the transportation aspect. The

final leg in the long path of all the

products sold is their transport to

households, their storage and finally
their consumption.

Based on a first assessment of the
status quo, the following hypothesis
could be formulared:

Hypothesis 1: The selection on the goods
in the shopping basket is very significant
(PUSH- and PULL-strategy).

The process area “agriculture” domi-
nates the use of soil and water in the
system. All other processes combined
use only ren percent of the soil and
one percent of the toral warter con-
sumed. One of the reasons is the high
water consumption and soil usage in
mear and dairy production. This food
group is also one of the major energy
consumers {40%, see Fig. 4). A reduc-
tion in the consumprtion of meat and
dairy products, therefore, Jeads ™ a
significant reduction in resource use.

Even within a certain food group,
energy consumption can vary dramati-
cally from one product to another.

Packaging

Increas 139
Seeds @
'y
A
10 .
Water Water
370000 500
Fig. 3

Food Retaller

1

System “Food Froduction”

iy

'

Simplifed representation of the material flux in the system “food production” for our case study.
Valtumes are given in thowsand tons (ktons) per year. Based on the total throughpus of food in the
regional cooperative studied here, the rorvesponding fluces of related processes were estimated eisher
from literature data or from surveys by the anshors. The following abbreviations were used in the
figure: T, T2 and T3 for rranspors procesies; PF for processed food, F for foodsifood flixes; P for

packaging materials,

25
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Beverages
1% Grains

Ready-1o-Eat
Foods

Fruit
14%
Meat
Vegetables and Milk
14% 40%
Fig. 4

Energy consumption by food category. The total
energy wed in the system as a whole (Le., the
toral energy consumed related to the food pro-
duced and sold by the regional cooperative in
our case study) was calculated to be 1200 tera-
Jjoules per year (calculation by the authors).

Some products requiring high energy
use are:

e frozen products {such as fruirs and
vegetables),

© highly processed foods {such as pota-
to chips),

© products which have to be trans-
ported over long distances {e.g.,
cal fruirs).

Targeted changes in the product
selections available in stores can, there-
fore, significantly reduce overall energy
consumption and affect ali other pro-
cesses in the system.

ropi-

Hypothesis 2: Exerting influence on the
supplier side (PULL-strategy} primarily
resufts in lower energy consumption.

A reduction in the use of water and
soil could theoretically be achieved by
intensifying agricultural practices in-
stead of changing product selections
in stores. It is doubrtful, however, that
this would lead to more sustainable
developrment, since more intensive
practices typically entail more severe
pollution, erosion and soil compac-
_tion.

As far as energy consumption is con-
cerned, several processes offer oppor-
tunities for improvement (see Fig. 5).
Agriculture, for example, uses 33% of
the total energy in the system; 23%
is used in fertilizer and pesticide pro-
duction, while only 10% is used in
planting and harvesting. Increasing the
use of extensive farming pracrices
could, therefore, reduce overall energy
consumption.
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Food processing and packaging con-
sume one quarter of the total energy
used in the system, with both processes
using roughly equal amounts. The
development of new products and pro-
cesses could, therefore, reduce energy
use, not only by reducing energy used
dicectly in the process, bur also in sub-
sequent storage and handling in house-
holds (e.g., replacing freezing with
other forms of food conservation).

Hypothesis 3: Private households have
to change their consumption behavior
{PUSH-strategy).

Private houscholds consume 17% of
the overall enesgy used in the system,
mostly for cooking and refrigerazion.
Transport of foods from the store to the
household, mosdy by the consumer,
adds another 4%. Changes in the way
foods are purchased and stored — even
innovations in household technology
— could lead to significant energy
savings.

Hybotlhesis 4: The food retailer is present-
ed a challenge (environmentally consci-
entious business management}.

The cooperative iwself uses roughly
15% of the rotal energy within the
system in irs distributon centers and
branches. Because of the high degree
of retro-integration, many of the pro-
cessing steps are also under the direct
influence of the distriburor, which
raises the total energy consumprion
under the control of the distributor

10 approximately 30%.

Summary

The following factors are important
in developing future action plans and
strategies for food rerailers:

© The cultural aspect of food con-
sumption is more important than the
technical-organizational oprimization
of individual processes. Actions of
farge-scale distributors are closely tied
to behavioral changes of the popula-
tion. Through innovations in product
processing, selective availability and
consumer informarion, the distriburor
can exert a great deal of influence.

Household
17%

Fertllizer and

Pestlclde
Production
N .\\ 23%

Packaging
12% Agsl-
culture
10%
Food Ratalier Transport

29% %
Fig. 5

Energy consumption by processes from produc-
tiont to final wse by consumer. The process “faod
retatler” includes food processing, distribution
and all mransport processes needed along the way.
All zansporrs from agriculture to processing
planiss were lomped into one “transport process”,
as were all transports from the distributor to the
households Gource: calenlations by the authors).

@ The large-scale diswriburor can pri-
marily influence energy consumption.
The main consumer of soil and warer,
agriculture, is facing a dilemma of
conflicring goals; namely the reduction
of resource use versus the maintenance
of quality.

© The food rerailer can influence
energy consumption throughour the
system. Up to 30% of total energy use
are artributed to food processing and
distribution. If both processes are man-
aged by the same entity — as discussed
in our case stidy — it controls a large
porzion of the overall energy use and
can, therefore, contribute significandy
tO energy savings.

(1} Vgl Hansen, U. (1988). Okclogiscbcs Marlce-
ting im Handel, In: Brande, A. ev al. (Hrsg.),
Okologisches Matketing. Erankfurt/Main.

{2} Vgl Belz, F (1994). Okolagischer Scrukur-
wandel in der Schweizer Lebensmitrelbranche.
[n: Dyllick, T. er al. (Hrsg), Okologischcr
Strukturwandel in Schweizer Branchen. Bern/
Stutegart.

(3] Baccini, [ und Brunner, B (1996}, Mewm-
bolism of the Anthroposphere. Berlin/Heidei-
berg/New York; und Baccini, P und Bader,
H.-B, Regionaler Stoffhaushalt, Heidelberg/
Berlin.
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of the “Kolloguitom zur Entwicklung um-
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- Develgpment. of Envitonimentally” Reipon-

" sible Produces); held November 3—4, 1998

in Darmstads,” Germany.” The: callaqmum '
- s hild ‘under the smbrella of Hhe Special
" Research Area 392, “Development of Envi=
“ronmentally Responsible Prodices wﬂfetbﬂd- _
' ology Approaches and Tools”. EONE
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Christine Bratrich, Bernhard Truffer and Bernhard Wehidi*

Green Hydropower

The aim of the project “Oekostrom” {green electricity) is the
development of an eco-label for the promotion of environ-
mentally compatible electricity production for which environ-
mentally-sensitive customers voluntarily pay an additional
small fee. It is not always clear, however, what “environmen-
tally compatible” means in the field of energy production.

The use of hydroelectric power
presents a particular dilemma be-
tween an emission-free production
process and the often serious
effects thar dams exert on local
ecosystems. This conflict neces-
sitates a credible certification of
“green hydropower”. EAWAG'
project “green hydropower” s
aimed at developing a sciendifically
sound procedure to do so.

Green Hydropower?

The ubiquity of Swiss hydropower
does not warrant building addi-
tional hydroelectric plants through
the promotional effect of increased
fees for green electricity. For this
reason, EAWAG is concentrating
on the environmental enhance-
ment of existing plants. In some
20 different projects, scientists
from various disciplines have in-
vestigated what a certification pro-
cedure for green hydropower plants
should entail. It should guarantee
adherence to general environmen-

tal requirements (see box) aad, at
the same time, should permir local
upgrading suited o the carchment
area. The environmental measures
should be covered by an increased
cost for green elecrricity.

Transdisciplinary Research

In order to become environmen-
tally effective, the idea of “green
hydropower” should also be trans-
lated into action. This can only be
credible and successful, however,
if it is supported by the most
important representatives of the
economy, government and envi-
ronmental organizations. For the
project “green hydropower” itself,
this implies that, apart from car-
rying out scientific research, social
and economic questions are being
addressed, and close contact is
being maintained with various
interest groups. Furthermore, the
oreen hydropower project is par-
ticipating in an association {(under
civil law) with the purpose of guar-

anteeing independent administra-
tion for awarding a general eco-
label for electric power.

Current State of the Research

On Aptil 1, 1998, the project
“green hydropower” was officially
initiated. Four thematic groups
are working on four parts of the
project:
© The assessment group is working
on the concept and certification
process for “green hydropower
plants”. '
o The residual water group is con-
centrasing on determining envi-
ronmentally sound minimum flow
regime regularions.
© The central question for the
floodplain group is how much warer
a floodplain needs to sufficiently
mainrain its ecological funcrion.
@ The marketing and politics group
is researching the basic questions
of management and energy poli-
cies for a successful launching of
the product “green electricity”,
The empirical work is concen-
rrated on the carchment area of the
Brenno river in the Canson Ticine.
In spite of the diverse investiga-
tions, each group's results support
not only the contents of the indi-
vidual research bur will actively

~The Ciassmcation of Green Hydropower -

Tbe terrzﬁmr:an pracedurz deﬁrzes

den /Jydmpawer plants” as adl power plantf thar filfill so-called general reqmremen:s fbr grem

electricity and, secondly, invest a certain sum in the mnedummz afrbe waters in rfmr mtr/mzenr areds ( ‘green elermczty investments”)

. per arezn»pnwer—k:[awzz:t baur ;ald,

. El:alugical .
Vigbity:
TGreen . b
Hydropower |3 AU e
B A 2 Local improvement’
e R {Groen Hydropower
Sasic ¥ investmonts). -
Requiramenis B s o
1. Ecotogicas Minimum™: T
{Cafined for a Centain:
Type of Power Flant: ...
; : and Watar Systemy . ©
" GumeRt . i :
;. Congition .-

- CaichmantArea x

1 The Basm Requ:rements for
Green Electricity

"o describe the general and .fcxerztzﬁcafl
- justified reqmrements for greerz /;ydm- '

power planis.;

s are formulated Jpecg?ml{; fbr varions. .

types of power plants and types af

namm[ waters.:

*w guarantee cersain busic em[ag:ml

ﬁmctmn.r in'the xm!:zed warers rznd
" their envirosiments.

o farmi the basis for a ::.epm—regm:ml

staridardized certification of grzm

/.vya’rapawer plants.. :

2 Green' Hydropower Invest— :
ments Guarantee

o a1t ecological upgrading which is indi=. .
vidually directed towards the mest .
imporsant problems ivithiri a s;afcxﬁc
catchment are. -

 maxinumn mzmparmry totwards the.

envirommentally-sensitive customers.
through the increased fares they pay
which directly benefic the écological
enfiancemenit of the catchment area.
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contribute to the development of

the eco-label assessment procedure

- this being the really new aspect

of chis transdisciplinary project.

The certification process consists

of four steps.

1.1t describes the basic require-
ments of a green hydropower
plant and provides a systems
overview of the main upgrading
potentials in the carchment area
concerned.

2.1t contains an extensive derailed
study which assesses local up-
grading measures according to
their environmental impact and
costs.

3.1t establishes the measures for
improvement to be underraken
within the framework of a pro-
cedure for finding consensus
which includes the most im-
porrant representatives of local
interest groups.

4.The certification itself is then
carried out by an independent
institution.

The working groups can present

the following results to date:

© the protorype of the cerxificarion
procedure.

© a systems overview of the mor-
phology and fish biology pro-
viding an indication for ecological
improvement potentials in the
catchment area of the Brenno.

® Data on the benthos and fish
biology which permit the use of
simuiation models for determining
environmentally sound residual
water regulations.

© Groundwarer data which show
that parts of the flood plains of the
Brenno are fed more by water from
the slopes and lateral ributaries
than by the main river affected by
the hydroelectric power plant.
© Marker analyses which em-
phasize that, especially from the
custorners’ poine of view, the cred-

ibility of the label is of ceneral
importance. A market potential
of 15 to 20% may be attainable
if professional markerting for green
electricity is pursued.

Perspectives:
Further Activities

During the nexc year, the assess-
ment proceduse will be exrended
and verified. Apart from the devel-
opment of procedures for alpine
hydropower plants with reservoirs,
its application to other types of
power plants and natural waters
will be prepared.

The certification of the first
alpine hydroelectric power plants
with reservoirs has been planned
for the beginning of the year 2000.

* Also working in EAWAG's green hydropower project are {in alph. arder): Gianiuca Ambrosi-
ni, Lisbech Bieri, Jitrg Bioesch, Matthias Brunke, Usli Bundi, Gabriele Carraro, Morene
Celio, Christian Dinkel, Gregor Diirrenberger, Basbara Fassnachr, Andreas Frutiger, Rene
Gichrer, Mark Gessner, Tom Gonser, Erwin Gricder, Estelle Gritter, Eduasd Hoehn, Markus
Hofer, Doris Hohmann, Klaus Jorde, Bernd Kiefer, Rolf Kipfer, Susanne Kymia, Fabio Losa,
Antonin Mares, Vijay Matta, Werner Meier, Beat Miiller, Armin Peter, Tom Ravens, Perer
Reicherr, Roman Rudel, Mathias Schaeider, Michael Schureer, Lorenze Senognini, Samh -
Strauss, Michael Sturm, Francisco Vazgquez, Walker Wagner, Rolf Wuestenhagen, Kornelia

Zepp, Alois Zwyssig.

Influence of Electromagnetic Fields
on Crystallization Processes

Commissioned by the BUWAL
{Swiss Agency for the Environ-
ment, Forests and Landscape), a
doctoral research project inves-
tigated the feasibility of using
electromagnetic fields to prevent
the formarion of mineral deposits
in pipe systems {see publication

28

Nr. 2377 and ETHZ dissertasion
12 644). In three case studies,
strongly oversaturated  systems
were investigared; one was a drink-
ing water supply with hard warer
and two were sludge treatment
stages in  wastewater rrearment
plants. Results from the waste-

Dein

folos: Feof. Gioviansti, Uni

warer treatment plant Worblental,
as well as from the drinking warter
supply study, indicated cthar elec-
tromagnetic fields can indeed pre-
vent the formation of mineral de-
posits. The electromagneric fields
were modified and especially
adapted for this purpose.

Regula Miiller Dick

Scanning electron  micro-
scope image of the cooling
pipe surface from the cooling
compressor at 200x magnifi-
carion: well-crystallized ara-
gonite needles form in the
eontral experiment (left: no
magneric flelds), while de-
posits formed in the presence
of magnetic fields do not
show any discernable erystal-
fine structure {right).
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Habilitations

As per decree of July 8, 1998, Dr. Hasan Belevi has
received the Venia legendi effective October 1,
1998. Dr. Belevi is an EAWAG collaboraror in the
research area “material fluxes and waste disposal
technology” As a lecturer, he will be assigned o the
Department of Civil Engineering and Surveying
at ETH Ziirich. His teaching area will be environ-
menral engineering of waste disposal systems. His
habilitation paper is entitled “Environmental Engi-
neering of Municipal Solid Waste Incineration”. A

Dr. Peter Huggenberger, who is a former EAWAG collaborator and now
Cantonal Geologist for Baselstadt, recently obtained his habiliration at
the University of Basel in the area of “Applied and Environmental
Geology”. He gave a talk on “River Gravel — Archives of Landscape
Forming Events” on December 11, 1998.

During the summer semester of 1998, Dr. Barbara
Sulzherger received the Venia Docend: from the
University of Berne, by request of the Faculty of
Philosophy and Natural Sciences. The title of her
habilitation is: “Environmental Photochemistry, with
Special Emphasis on Iron and on Surface Reactions'.
Starting in the winrter semester of 1998/99, she will
lecture two hours a weel at the University of Berne,
Dr. Sulzberger decided to work towards her habili-
tation at the University of Berne, and not as would
seern more obvious, atr the ETHZ, because she perceived a particuiar
need for lecrures in environmental chemistry, especially environmental
photochemistry, in Berne. EAWAG has strongly supported her in her
work towards habiliration at the University of Berne,

Since becoming an EAWAG employee in 1986, Dr. Sulzberger has
been very active in her research on environmenral photochemistry. She
is concentrating her reseasch on the effect of sunlight on nurrient cycles,
in particular, the iron and carbon cycles.

During a sabbatical at the Woods Hole Oceanographic Instirution
in the USA (1994-95), she developed a particular interest in marine
environmental photochemistry, especially the role of iron as a limiting
nutrient in certain surface waters, also known as “high nutrient, low

chlorophyll” areas of the ocean. In
terms of environmenral systems,
she is increasingly Interested in the
interactions berween rivers and
lakes or oceans as well as coastal
waters. She was, among others,
involved in the European EROS
(European River Ocean Systems)
program.

D Sulzberger is convinced that
first class research in environmen-
tal’ photochemistry requites solid
knowledge of fundamental pho-
tochemical processes as well as a
derailed understanding of envi-
ronmental systems. She is work-
ing hard rowards recognition of
environmental photochemistry by
“classical” photochemists. During
1992 and 1993, she was president
of the “Swiss Society for Phoro-
chemiszry and Photophysics”™. In
this function, she organized an
“International Workshop on Envi-
ronmental  Photochemistry”  in
Adelboden in the Fall of 1993.

Dr. Sulzberger obtained her
degree in Chemistry ar the Uni-
versity of Berne. As part of her
dissertarion research, she worked
on photochemical conversion and
storage of solar energy. During her
subsequent post-doctoral research
at “The Royal Institution of Great
Britain”, she wortked on applica-
tions of flash-photolysis under the
guidance of Nobel Prize winner
Lord George Porter.

Visit of Secretary of
State Charles Kleiber

Secretary of State and Director of the Group
for Science and Research, Charles Kleiber
(photo), who has been in office since October
1997, visited EAWAG on lune 30, 1998.
Together with Francis Waldvogel, the Presi-
dent of the FIT Board (Board of the Swiss
Federal Institutes of Technology), he gained a
picture of the goals, mission and methodolo-
gies pursued at EAWAG. The prominent vis-
itors roured the research center for limnology

in Kastanienbaum as well as the
main laborarories in Dithendotf.
All EAWAG employees had a
chance to meet the two dignizaries
at a reception. The visitors roured
the laboratories and were given
short presenrations on selected
topics in natural, engineering and
social sciences. All presentarions
were made in French. In Kasta-
nienbaum, the dominant topics
were fisheries, lakes and streams, as
well as the interdisciplinary project
“ecoelectricity”.
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in Memoriam
Professor Werner Stumm

Professor Werner Sturmnm, Director of EAWAG from 1970 to
1992, died on 14 April 1998 at the age of 74. Under his
directorship, EAWAG evolved into an internationally recog-
nized scientific institute. Werner Stumm was the father of
“aquatic chemistry”, a field that he initiated and developed
during his career. He taught with enthusiasm as a Professor
at the Swiss Federal Institute of Technology in Zurich and is
remembered by generations of students that have enjoyed
his classes on aquatic chemistry and water pollution control.

Werner Stumm  graduated from

‘the University of Ziirich with a

Ph.D. in inorganic chemistry and
worked briefly at EAWAG, where
he first encountered water qual-
ity problems. In 1954, Werner
Stumm wenrt to Harvard Univer-
sity as a young postdocroral fellow,
soon became a professor, and
started his work in aquatic chemis-
wy by applying the theoretical
basis of solution and coordinarion
chermistry to chemical processes in
natural warters and in warer tech-
nology. His book “Aquatic chem-
istry”, co-authored with James J.
Morgan, first appeared 1970, im-
mensely influenced the water and
environmental chemistry  field.
The 3rd edition was published in
1996 and has alse been translated
into other languages, and sold over
40,000 copies worldwide.

Werner Stumm was guided by
the idea that chemical processes
need to be understood ar the
molecular level in order to gain
insights into global geochemical
cycles, anthropogenic perturba-
tions and the fate of pollutants.
His research activities focused on

processes at the interface of solid

phase and solution and applica-
tion of these reactions (adsorption,
dissolution, redox reacrions) on
processes in natural warers (weath-
ering, dissolution and nucleation
of minerals) and in water technol-
ogy. These processes play a major
role in the local and global cycles
of various substances. The surface
complexation model, that was
developed by Werner Swmumm
and Paul Schindler (University
of Berne), provides a basis for

the understanding of dissolurion
reactions of oxides, as well as for
the caralysis of redox reactions at
surfaces, and has been widely in-
fluential in aquaric surface chem-
isery. Many of Werner Stumms
former Ph.D. students and coliab-
orators, both in Switzerland and
in the USA, are now active in warer
and environmental chemistry or
in pollution control at universities,
environmental agencies and con-
sulting firms.

Werner Stumm emphasized the
necessity of a solid scientific basis
and of mulirdisciplinary collabo-
ration to deal with environmental
issues. He always considered the
importance of global environmen-
tal issues, in addition to the local
ones. Under his directorship at
EAWAG, various disciplines de-
veloped to a high scientific level.
As a chemist, Werner Stumm espe-
cially encouraged the development
of aquatic and surface chemistry,
as well as of modern analytical
and organic environmenral chem-

istry. He stimulated collaboration -

berween various disciplines at

EAWAG and in natonal research

Netr Brochure

“Setting Priorities for Drinking =
Water Contaminants” :

The brochure was published by the Cormmittee on
Drinking Water Contaminanits; which is part of the.
American National Academy of Science. Waleer
Giger, EAWAG, is a mémber of this commitzee:
The brochure was commissioned by the U.S.EPA -
and is an ofF-spring of the new Drinking Warer Act. -
A seconid brochure; on «Emerging Drinking Water .
Contaminantss, is to be piblished shorsly.

programs, as well as studies on
the interactions berween water,
soil and air. Under his guidance,
EAWAG was engaged in estab-
lishing scientifically well-founded
concepts for water pollution con-
trol and environmental protecrion
in Swirzerland.

Werner Stumm received numer-
ous awards from professional and
academic societies for his research
and educational achievements. He
received the 1998 Goldschmide
Medal of the Geochemical Society
for lifesime achievement and was
honored by publication of a spe-
cial issue of Environmental Science
and Technology {October 1998}
Only a few weeks before his death,
he was elected co-Laureare of the
1999 Stockholm Water Prize, to-
gether with his long-time co-
worker James J. Morgan.

Werner Stumm’s  generous,
strong personality, his extraordi-
nary energy and passion for his
work and his vast knowledge have
imprinted generations of environ-
mental scientists who recognize
his preeminent influence.

Laura Sigg
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Honorary Doctoral Degree for Prof. Zehnder

Prof Dr. Alexander Zehnder, Professor
at ETH Ziarich for Environmental Bio-
technology and Director of EAWAG, has
received an Honorary Docroral Degree
from the Universitdé Henrt Poincaré in

Otto Jaag

The 1998 Orro Jaag Prize for Water Protec-
tion has been awarded to Thomas Bucheli
for his dissertation entitled “Occurrence
and behavior of pesticides during storm water
infiltration”. The results of his detective
work on transport paths of pesticides from
the atmosphere, down to roof tops and
finally into ground water or into runoff

New [AD-

In April 1998, Jiirg Bloesch was elected
president of the International Working
Group of Danube Research (IAD), an in-
dependent section of the International As-
sociation for Theorerical and Applied Lim-

Nancy, France. Dr. Zehnder was recog-
nized for his accomplishments in environ-
mental science and their application to the
berserment of society.

Prize 19938

represent one of the corner picces in the
qualitative evaluation of rainwater infiltra-
tion. For example, he has found that a
herbicide which is added to asphalc as a
root suppressant accounts for 50% of the
pollurant load in Lake Greifen. In addicion to his disserration,
Thomas Bucheli has published his work in several journals in the
field of analytical and environmental chemistry.

President

nology (SIL). Until his election, he was
Swirzerland’s representative to the IAD.
Dr. Pius Stadelmann, from the office of
environmensal protection of the Canron
Lucerne, will replace him in this post.

Can be ordered separately from the EAWAG library {use last page}
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