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EAWAG

Detective Work

Sherlock Holmes, Philip Maloney, Guido

Brunetti, Stoner McTavish and other famous

figures from the world of detective stories

baffle the reader with their abilities to solve

cases by assembling the whole scenario 

of a crime by observing minute details.

Although environmental research is usually

far less spectacular, it likewise involves the

collection of clues and use of circumstan-

tial evidence. Many processes occurring in

water cannot be readily observed. Colorless

nitrate, for example, is transformed by bac-

teria to invisible and odorless nitrogen gas.

Despite the fact that our analytical methods

can prove that nitrate disappears from the

water, it remains difficult to determine how,

where and by which microorganisms this

transformation is accomplished.

Detectives often have the options of arrest-

ing, interrogating or observing a suspect in

the hope of catching him/her in the act of

committing another crime. Environmental

research is faced with similar choices: one

can bring nature into the laboratory and

perform experiments under controlled con-

ditions or attempt to uncover relevant proc-

esses with intensive and elaborate observa-

tions in the natural setting. Tracers are often

extremely useful tools in the latter case;

they expose otherwise invisible processes

and put reseachers on the right track. Some

of the “detective methods” employed in

modern environmental research are docu-

mented in this issue of EAWAG news.

Over the past few years, EAWAG has in-

vested heavily in the development of tracer

methods. Our research interests cover a

wide range of areas, including research on

turbulence phenomena in aquatic physics,

transport and degradation of environmental

pollutants, and processes in molecular biol-

ogy. This scientific detective work requires
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modern analytical tools. We have devel-

oped collaboration with research groups at

the ETH-Zurich and with laboratories of the

Canton of Zurich in order to share available

infrastructure. The stable isotope mass

spectrometer at EAWAG, for example, was

acquired jointly with ETH-Zurich.

The introduction of such new techniques

requires for mutual information and discus-

sion. During the last winter semester, the

Friday seminar of EAWAG was therefore

dedicated to the topic of isotopic tracers.

I am sure that these initiatives will improve

our detective work for the environment. 
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Tracers – 
Making the Invisible Visible

Tracers are tools used in environmental research both to make

processes more visible and to discover unknown processes.

Tracers were used, for example in marine research, to answer 

the question about where the Gulf Stream ends. EAWAG is

investigating similar questions about streams and lakes by using

isotope tracers. Trace compounds in environmental repositories

can be used to reconstruct changes in climatic conditions. A

relatively recent development is the use of indicators of biologi-

cal processes; biomarkers allow us to assess the effects of

various pollutants on organisms.

Tracing the Gulf Stream

We enjoy a mild climate because the Gulf

Stream directs warm water from the tropics

towards Europe’s shores. The Gulf Stream

transports twenty times more water than all

the world’s streams combined; however, the

water transported by the Gulf Stream must

sink back down at some point or the North

Atlantic would turn into a “water mountain”.

In the 1970s, a series of expeditions was

undertaken to solve the mystery of the Gulf

Stream. Temperature and salinity turned 

out to be reliable parameters to measure.

Figure 1 shows two transects through the

Atlantic Ocean [1]. On its way north, the Gulf

Stream loses part of its volume through

evaporation; western Europe receives this

water in form of frequent well known pre-

cipitation. Evaporation increases the salinity

of the Gulf Stream water. In addition, the

water cools off on its way north and even-

tually mixes with the cold waters of the polar

ocean, where the formation of the pack 

ice also increases salinity. North of Iceland,

temperature and salinity reach a critical

value. The density of the Gulf Stream water

increases and the water masses drop to a

depth of 3000 m, where it makes a turn

south. After this point, the water is referred

to as North Atlantic deep water. Near Gibral-

tar, warm and very salty water originating

from the Mediterranean is layered above

this deep current. At approximately the

latitude of South Africa, two tongues of

Antarctic water meet this current from the

south. One part of the Antarctic water is

colder but not as saline as the North Atlantic

current and flows north along the ocean

floor. This example demonstrates how we

can make these very deep and slow cur-

rents visible with the help of just two para-

meters, temperature and salinity. Such pa-

rameters, revealing invisible processes, are

called tracers. The temperature of a water

body not only reveals the large-scale flow

patterns; temperature measurements taken

at a high spatial resolution can also give us

quantitative clues about turbulent mixing

processes on a small scale. The article by

A. Wüest on p. 16 describes how such mea-

surements of the temperature fine structure

can be evaluated in a lake system.

Sources and Sinks

Since prehistoric times, humans have been

curious about where the water in a spring

comes from or where a stream that disap-

pears in a seep hole ultimately goes. Tracer

experiments in streams are almost 2000
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years old. During Roman times, the waters

of the Jordan River were marked with chaff

in an effort to trace the subterranean con-

nection to a karst spring [2]. Over the last

50 years, fluorescent dyes, added to the

system from the outside, have been used

for this purpose. It is more elegant, how-

ever, to use natural compounds that are

already present in the environment. Such

tracers can be either naturally occurring or

of anthropogenic origin (coming from human

activity). An example of a naturally occurring

tracer is the ratio of the oxygen isotopes
18O/16O in rainwater [3]. The ratio of the two

isotopes is a function of the elevation above

sea level at which the precipitation fell

(Fig. 2). Thanks to technical advances in

sample processing, measurements of iso-

topic ratios in water are far less difficult

today than they were even ten years ago.

We are now able to obtain a very good esti-

mate of the mean elevation at which the

water in a surface stream or a groundwater

aquifer fell. 

Looking Back in Time

Information on the residence time of water

in groundwater aquifers is important in

drinking water production, risk analysis in

the case of chemical spills, and in the analy-

sis of ecosystems that depend on ground

water, such as flood plains. Just as a de-

tective asks a suspect about his or her

whereabouts on a certain date and time, the

“environmental detective” wants to know

how long the water has been in a particular

groundwater aquifer. A number of anthro-

pogenic tracers are available for investigat-

ing this type of question. Freon or CFC’s

(chlorofluoro-carbons) did not exist in the

past. Because of their special properties,

CFC’s were used more and more as pro-

pellants in spray cans and as cooling liquids

in refrigerators. As a consequence, their

atmospheric concentrations increased con-

tinually (see Fig. 3), until their devastating

effect on the ozone layer was recognized

[4]. Today, the production of freon is limited

by the terms of the Montreal Protocol and

substitute compounds are now being used.

For the period of the last 50 years, there is 

a well-defined atmospheric CFC concentra-

tion at any point in time, corresponding to

an equally well-defined equilibrium concen-

tration of CFC’s in water. Measuring freon

concentrations in a spring, groundwater

aquifer or a deep layer of a lake allows us 

to determine the time when the water was

last in contact with the atmosphere. Noble

gases are another class of tracers suitable

for dating ground water, as is discussed in

the article by R. Kipfer on page 20. 

The best known tracers for the determina-

tion of ages and time constants in environ-

mental processes are radioisotopes. Radio-

isotopes follow the laws of radioactive

decay, and their half-lives are known pre-

cisely. In stream research, for example, it is

important that the rate of water exchange

between the stream and the pore spaces 

in the gravel bed at the stream bottom is

known. Intensive exchange between stream

water and near-shore ground water is es-

sential for the health of a stream. The inter-

stitial water in the streambed is an important

habitat for benthic organisms, and it con-

trols the exchange of nutrients between the

stream and its surroundings. The article

by E. Hoehn on page 18 discusses how

groundwater habitats within a flood plain

can be recognized using radon, a natural

radioisotope. Fortunately, we now have

extremely sensitive detection methods for

radioisotopes. It is possible, for example, 

to detect radioactive 14C down to levels of

10–15 g (or one million atoms). The develop-

ment of accelerator mass spectrometry has

dramatically expanded the areas in which

such tracer and age determination methods

can be employed.

Rummaging in Environmental

Archives

Other projects investigate the temporal

dimension of environmental processes.

Here the “environmental detective” faces a

new kind of problem. In order to study the

behavior of systems on large time scales,

one has to have access to samples repre-

senting comparable periods of time. Typical

research projects cover periods of a few

years at most. Slow processes are typically

studied by reconstructing the temporal

development of the system under investi-

gation. Obviously, one cannot expect that

someone collected appropriate samples or

even conducted the necessary measure-

ments in wise foresight; one therefore has 

to rely on archives in which the relevant

information has been stored or recorded in

a temporal sequence.

A good example of such an archive is the

sediment deposited in a lake. The sedi-

ments are a continuous, layer-by-layer

record, storing a wide range of information

on the chemical, physical and biological

processes within the lake and its surround-

ings (Fig. 4). The challenge is to read and 

to interpret this information. The article by

W. Giger on page 10 shows how detergents

leave traces in the sediments and how

sediment analyses can give us information

about the original product composition and

degradation processes in sewage treatment

plants. The sediments can also tell us about

natural processes. Geochemical indicators

are often used to gain information about the

intensity of a natural process from environ-

mental archives, as demonstrated in the

article by G. Friedl on page 14. Other groups

at EAWAG are currently participating in

international research projects attempting

to reconstruct environmental conditions in

the distant past. They use ice cores from

Greenland glaciers and sediment cores

from Lake Baikal in Siberia. These interdis-

ciplinary programs try to better understand

current environmental conditions and future
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developments by comparing them to condi-

tions and changes over the last several

thousand years. The beryllium radioisotope
10Be, for example, is formed in the atmos-

phere by cosmic radiation [5]. Its presence

in Greenland ice may be used as a tracer for

solar activity levels in the past. With these

data, we can improve our understanding 

of the effect of solar radiation on climatic

changes, which is important in determining

the role that human activity plays in global

climate change. A comparison between
10Be and 14C has revealed a reduction in 

the global ocean circulation at the end of 

the last ice age [6], which implies that even

the Gulf Stream has a complex and ever

changing history.

A Window into the Complexity

of the Biosphere

The biosphere is a dynamic system of

extraordinary complexity. With the sun as

the driving force, innumerable biological

processes occur on different temporal and

spatial levels, but are usually coupled to one

another. Three methodologies have become

particularly useful in identifying individual

processes: stable isotopes, gene probes

and biomarkers. In biological processes,

such as photosynthesis or denitrification,

the lighter isotopes of a particular element

are processed slightly faster than the heav-

ier ones. Generally, this leads to enrichment

of lighter isotopes (12C or 14N) in the biolog-

ical products, while the heavier isotopes

(13C or 15N) become enriched in the sub-

strate. A shift in isotopic ratio, as compared

to the natural abundances, can therefore 

be used to assess the type and intensity of

biological processes. Additionally, we can

use substances enriched in a certain iso-

tope (e.g., nitrate, 15NO3
–) as a tracer. Stable

isotope tracers have the advantage that

they are not radioactive and can be used 

in environmental studies without doing any

harm. Nitrate is used in biological systems

in many different pathways. Heterotrophic

microorganisms use nitrate to produce at-

mospheric nitrogen (N2) or ammonia (NH4
+),

while plants absorb nitrate as a nutrient and

produce organically bound nitrogen. Using

a mass spectrometer, we can, in some for-

tunate cases, follow the sources and the

sinks of natural nitrate in the environment

[7]. With isotopically-labeled nitrate, we can

determine denitrification rates in surface

waters [8]. The article by L. Zwank on page

6 illustrates the use of stable isotope tracers

in studying the degradation of chemical

pollutants in ground water. In this type of

situation, the question often is whether an

apparent drop in pollutant concentration

along the flow path is simply a result of

dilution or is due to microbial or chemical

degradation. Biological degradation can

typically be identified by a significant shift in

isotopic ratios.

Modern microbial ecology, however, is inter-

ested in more than simply the question of

which compound is transformed at what

rate. One would like to know which mi-

crobes are active when and where. Today,

gene probes allow us to determine the

specific distribution of microorganisms in

environmental samples. To achieve this, a

short genetic sequence of ribosomal RNA is

marked with a fluorescent tag. This type of

biomolecular tracer marks specific groups

of organisms, e.g., methanogens, in a water

or sediment sample and can subsequently

be analyzed microscopically. The advan-

tage of this technique lies in the fact that 

we are examining active microorganisms,

which often cannot be cultivated under lab-

oratory conditions. The article by K. Zepp

on page 12 discusses these techniques in

more detail.

As information about the genetic make-up

of organisms becomes available, we will

have better tools to identify the players in

complex interactions within the biosphere.

Even more complex, however, is the infor-

mation reflected in the wide array of pro-

teins involved in the metabolism of organ-

isms. This is where a relatively new tracer

concept comes to the fore – that of bio-

markers. Analyses of the metabolic prod-

ucts of an organism can tell us, for example,

whether the organism had been exposed 

to toxic compounds. More about this new

approach can be found in the article by

R. Eggen on page 8.

This short overview has hopefully demon-

strated how the various tracer techniques

have evolved into extremely useful and very

precise tools in environmental research. The

success of this type of research, however,

depends on whether the questions we are

trying to answer are relevant, interesting

and looking toward the future.

[1] Berner E.K., Berner R.A. (1996): Global Environment.
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Upper Saddle River, New Jersey.
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[4] IPCC (1996): Climate Change 1995. Cambridge Uni-
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Analytical methods have evolved to a point where it becomes

possible to determine the isotopic composition of individual

chemical compounds at low detection limits. These advances

have opened new possibilities for the assessment of contami-

nated ground water. EAWAG intends to optimize established

analytical methods for their application in contaminant hydrology.

Groundwater contamination by organic

compounds is a common problem in indus-

trialized countries. Chemicals that are used

in large quantities, such as fuels or metal

degreasing and dry cleaning agents, can

reach the ground water directly from point

sources (accidental spills, leaking under-

ground storage tanks) or via diffuse path-

ways (atmospheric deposition, runoff from

roads), and thereby compromise its use as 

a drinking water reservoir.

Problems in the Clean Up 

of Contaminated Ground water

In situ methods are becoming increasingly

more important in the clean up of contami-

nated ground water. These include all meth-

ods where the contaminant is degraded

directly in the subsurface, either by natural

or by stimulated processes. The financial

benefits of in situ over ex situ methods are

tremendous. Ex situ remediation is typically

very labor and resource intensive and re-

quires excavation and removal of contami-

nated material. In the case of readily de-

gradable contaminants, in situ remediation

may simply be a matter of following the con-

centration of the contaminant over time in

order to determine whether or not and how

fast degradation is occurring. It is often dif-

ficult, however, to conclusively show that

degradation is taking place. Traditional

approaches are based on mass balances

for the contaminants in the ground water. 

In the case of slow degradation rates, this

can lead to unreliable results, since bal-

ances have to be established for extended

periods of time and because the spatial dis-

tribution of the contaminant plume often is

poorly documented. Even in areas with well-

defined hydrogeological conditions and a

dense network of monitoring wells, it is

rarely possible to determine unequivocally

degradation or transformation rates in

ground water. Whenever contaminant loss 

is observed, it is usually not possible to dis-

cern whether the disappearance was due 

to dilution, evaporation, sorption, microbial

degradation or abiotic reactions. To make

matters worse, transformation processes

may not necessarily form exclusively harm-

less products, but can lead to products that

are more difficult to degrade or more toxic

than the original compound (Fig. 1). Before

we can use the so-called “monitored natural

attenuation” approach in complex contami-

nation situations, we need a better under-

standing of the system.

Assessment of Contaminant

Behavior by Single Compound

Isotope Measurements

The determination of stable isotope ratios

for individual contaminants is an elegant

method for gaining additional information

about the efficiency of in situ degradation

processes. Most elements occur in more

than one stable isotopic form. The carbon

atom, for example, can have a mass of 

12 or 13 atomic units. Any organic molecule

will contain both isotopes in a defined ratio

(13C/12C). Today, we are able to measure

stable isotope ratios of the elements H, C,

N, O, S and Cl for individual compounds

present in environmentally relevant concen-

trations. The various transport and trans-

formation processes in the ground water

change the isotopic signature of the ele-

ments in the contaminants in different ways.

The stability of a chemical bond depends 

on the isotopic composition. Bonds be-

Determination of the Compound-
Specific Isotope Signature of
Chemical Pollutants

New Perspectives in Contaminant Hydrology

Following derailment of a train near Zurich-Affoltern in March of 1994, an estimated 70 tons of gasoline were
spilled.
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tween lighter isotopes (e.g., 12C–2H) are

more readily broken than bonds between

heavier isotopes (e.g., 13C–2H; see Fig. 2).

Since chemical reactions occur at varying

rates, depending on which isotopes are

involved in the bonds being broken, the

isotopic ratios in the reaction products are

shifted relative to the ratios in the starting

compounds. The isotopic signature of a

particular compound as a function of loca-

tion and time can, therefore, be used as a

tracer for the type and rate of transforma-

tion processes occurring in the ground wa-

ter (Fig. 3) [1–3]. Additionally, contaminants

of different origin can have different isotopic

signatures [4]. In such a case, isotopic ratios

can be used to identify the source of the

contamination or the polluters.

Isotope Ratios of Individual

Compounds as a Research

Project at EAWAG

Determination of isotopic signatures of

groundwater contaminants is a new ap-

proach in contaminant hydrology, where the

contaminants themselves are the tracers. 

In the department “Water Resources and

Drinking Water”, isotope analysis of indi-

vidual compounds is currently being devel-

oped as a method specifically for the use 

in contaminant hydrology. The primary tool

consists of a so-called GC-IRMS (gas chro-

matograph-isotope ratio mass spectrome-

ter) that was recently purchased in cooper-

ation with ETH-Zurich.

In a project that was initiated in 2000,

EAWAG is studying the isotope effects of

different degradation processes, both in the

laboratory and in field experiments. Com-

pounds being investigated include the sol-

vents trichloroethylene, perchloroethylene,

and the gasoline additive methyl tertiary

butyl ether (MTBE). With the information

gained from the project, we hope to identify

degradation processes, quantify transfor-

mation rates, and identify the source(s) of

contaminants in “real world” situations. In

order to describe the behavior of persistent

contaminants in the soil or in the ground

water quantitatively, single compound iso-

tope ratio methodology is combined with

methods for groundwater dating and

groundwater modeling.
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reductive dehalogenation of chlorinated ethenes by

metallic iron. Organic Geochemistry 30, 755–763.

[3] Meckenstock R.U., Morasch B., Warthmann R.,

Schink B., Annweiler E., Michaelis W., Richnow H.H.
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Fig. 1: Transport and transformation processes of organic contaminants in the ground.
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Fig. 3: Degradation of
toluene under anaer-
obic, sulfate-reducing
conditions [3]. The dis-
appearance of toluene
corresponds to the
formation of sulfide 
and yields a closed
electron balance.
Anaerobic degradation
of toluene leads to
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The δ13C value of
toluene increases, i.e.,
the remaining toluene
becomes enriched in
the heavier carbon
isotope.
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Biological Tracers in
Ecotoxicology

Biomarkers are biochemical or physiological indicators of physical,

biological or chemical stress on organisms. They are tracers for

reactions that can take place on different biological levels – mole-

cular, cellular, whole organism. This article discusses molecular

biomarkers that are induced by chemical stress. Their detection

enables us to assess very early the potentially negative effects 

of chemicals on organisms and ecosystems.

and changes in the metabolic state, by re-

acting to changes in pH, osmotic pressure,

or redox state. When the sensor detects

stress, a cellular stress reaction is triggered.

During this process, the sensor transfers 

the signal to a promoter element of certain

stress genes, which are now turned on. As 

a result, the cell starts producing the corre-

sponding messenger RNA (mRNA) which, in

turn, serves as a template for the synthesis

of stress proteins that are produced at the

ribosomes (Fig. 1). It is the function of the

stress proteins to remove the toxin or its

degradation products, to repair or replace

damaged cell components, and to re-estab-

lish the normal metabolic environment. If

the stress proteins achieve this goal, the

stress is overcome. If the stress proteins are

unsuccessful, the stress can manifest itself

Cell

Nucleus

Sensor

Stress gene activation

DNA
Stress protein

Protein synthesis at
ribosomes

mRNA synthesis

at a higher organizational level, i.e., in an

organ, whole organism, population, com-

munity and/or ecosystem.

Molecular Stress Parameters

as Biomarkers

A number of molecular parameters can be

measured in order to assess the cellular

stress reaction. These parameters serve as

biomarkers in allowing us to estimate the

toxicity of individual chemicals, mixtures 

of chemicals, or complex environmental

samples.

One possibility is to measure the concen-

tration or enzymatic activity of stress pro-

teins after exposure to a toxin. The stress

protein cytochrome P450 monooxygenase

is a frequently used biomarker of a range 

of organic contaminants, such as PCBs,

dioxin and dibenzofuranes. It is present in

vertebrates as well as invertebrates and can

be measured in cells or cell lines of both

wild and laboratory animals [1]. Cytochrome

P450 monooxygenase plays a central role 

in metabolic detoxification reactions. This is

why the concentration and activity of this

stress protein markedly increases after ex-

posure to a contaminant.

Another method is to determine the con-

centration of mRNA [2]. Molecular methods

for measuring changes in mRNA concentra-

tions are highly specific, quantitative, sensi-

tive, and quick (Fig. 2).

Parallel with the rapid progress made in

molecular techniques, new biomarker meth-

ods have been developing at a rapid pace

over the last few years [2]. Instead of mea-

suring concentrations or activities of stress

proteins, which are often very difficult to

detect, or determining mRNA concentra-

Despite improved legislation, large numbers

of toxic chemicals are discharged into the

environment even today. Often these con-

taminants, or contaminant mixtures, are

present in very low concentrations, which

makes the assessment of their toxic poten-

tial very difficult. This is where extremely

sensitive biological methods, based on cel-

lular systems, can be used to detect poten-

tial toxic effects on the cellular level.

Cellular Reaction to Stress

The first interactions between toxic com-

pounds and biological systems take place

at the cellular level, where proteins act 

as sensors (Fig. 1). Some sensors detect

toxins directly, while others detect only the

effects of the toxins e.g., damage to cell

components (membranes, proteins or DNA)

Fig. 1: Cellular reaction sequence from stress detection to the synthesis of stress proteins. 
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Fig. 2: Under oxidative stress (e.g., during the treat-
ment with contaminants that induce the production 
of oxygen radicals), the concentration of glutathione
peroxidase mRNA in the green alga Chlamydomonas
reinhardtii increases significantly over time. It is
assumed that glutathione peroxidase is a key enzyme
in the defense against oxidative stress.

80400 7 14 20
Minutes

Fig. 3: Application of a recombinant biomarker system
for the detection of contaminant-induced peroxide
production. The promoter of a stress gene induced by
peroxide was linked with the reporter gene luciferase
and inserted into Escherichia coli. Increased peroxide
concentrations inside the cell induce luciferase activ-
ity. Exposure of the cells to the contaminant catechol
also causes induction of the luciferase activity be-
cause the presence of catechol triggers a chemical
reaction inside the cell that produces peroxide [4].
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tions in a technically difficult procedure, we

can now determine gene activity directly. To

achieve this, promoters of known stress

genes are linked with so-called reporter

genes. Reporter genes code for easily

detectable proteins, such as the enzyme

luciferase, which produces light, or the

“green fluorescing protein” (GFP), which

fluoresces with a green color when it is ex-

posed to light. The promoter-reporter gene

constructs are inserted in bacteria or yeast

cells. When these biomarker systems are

exposed to a contaminated sample, both

the promoter of the stress gene and the

promoter of the reporter gene are activated,

resulting in the production of the stress

protein along with the reporter protein [3].

Figure 3 shows the activation of luciferase in

recombinant bacterial cells after exposure

to hydrogen peroxide and catechol [4]. This

type of test system not only makes the

detection of the reporter protein very easy,

but it is also very sensitive. Extremely low

concentrations of contaminants can be

detected [5]. It is worth noting that often the

actual bioavailable and stress-producing

fraction of a contaminant is only a small

fraction of its total concentration.

Future Biomarkers

The methods described above primarily

target single stress genes or proteins. In the

case of environmental samples, we often 

do not know the exact composition of the

contaminants and it would be advanta-

geous to monitor a number of stress genes

and proteins simultaneously. Ideally, it

would then be possible to identify conta-

minants based on the reactions that are

observed. Furthermore, there is often only

one toxic effect described for most conta-

minants, although we can expect that most

contaminants will exhibit a complex toxicity

pattern and that there are cellular effects,

which are yet unknown [6]. New technolo-

gies, based on extensive gene and protein

analyses, appear to be very promising.

Large numbers of genes or partial genes are

fixed on so-called DNA-chips and then sub-

jected to tests (Fig. 4). With the sequencing

of entire genomes, techniques in genome

analysis are taking on a central role in toxi-

city research. At the same time, methods

known as “proteomics” have been devel-

oped, where the protein composition of a

cell as a whole can be characterized. Some

of the more powerful methods can already

separate more than 10,000 different pro-

teins. These new methods will not only let

us identify new stress genes and proteins,

but will allow us to examine the stress reac-

tion of a cell or an organism as a whole,

which is typically characterized by a com-

plex interaction of a number of factors in-

cluding stress factors.

Fig. 4: Gene analysis on a DNA
chip. Each dot represents a gene.
The darker the dot, the higher the

activity of that particular gene.
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Sediments – 
Archives of Detergents

In the past, chemicals contained in detergents and cleaning agents

were often very recalcitrant and were deposited in lake sediments.

These chemicals can now be used as tracers to document the

history of their release into the environment, which, in turn, allows

us to assess the success of measures taken to reduce their use.

Decreasing concentrations in the sediments can be attributed to

changes in product formulations as well as to improved removal

of these chemicals by wastewater treatment plants.

Lake sediments store information about

environmental contaminants, which settled

to the lake bottom while adsorbed to partic-

ulate matter. Such chemicals include heavy

metals, lipophilic persistent organic pollu-

tants, and so-called amphiphilic surfactants

and their lipophilic degradation products. 

Detergents – Product

Development since the 1950s

During the 1950s, synthetic surfactants

began to replace the soap in detergents 

and cleaning agents. The first surfactants

synthesized from petrochemical raw ma-

terials and produced in large quantities

were tetrapropyl benzenesulfonates (TPS,

branched alkyl benzenesulfonates, Fig. 1).

Unfortunately, these compounds are diffi-

cult to degrade under either aerobic and

anaerobic conditions and their massive re-

lease into surface waters led to undesirable

foam formation. For this reason, TPS were

replaced by linear alkyl benzenesulfonates

(LAS, Fig. 1) in the mid-1960s. LAS easily

and rapidly undergo aerobic biodegrada-

tion. In fact, they represent the most im-

portant group of surfactants worldwide.

Another important class of surface-active

compounds are the nonylphenol poly-

ethoxylates (NPnEO), a group of non-ionic

surfactants. They were used in large quan-

tities in Switzerland during the 1970s and

1980s. Biodegradation of NPnEO in munici-

pal wastewater treatment plants produces,

among other metabolites, the lipophilic and

highly recalcitrant degradation product

nonylphenol (NP, Fig. 1). NP is far more

toxic than its parent compound and has

endocrine properties; i.e., it interferes with

hormonal systems in humans and animals.

Until the early 1990s, the primary com-

pound used in fabric softeners was the cat-

ionic surfactant dialkyl (C16–C18) dimethyl

ammonium chloride (DHTDMAC, Fig. 1). This

compound is toxic to aquatic organisms

and accumulates in sewage sludge. In

Switzerland and in other European coun-

tries, DHTDMAC has been replaced by more

easily degradable cationic surfactants, so-

called ester quats.

Surfactants as Tracers in

Sediments

Since active ingredients in detergents and

cleaning agents represent high production

chemicals and are discharged into the

wastewater in considerable quantities, they

deserve special attention. The primary goal

of this study was to document to what

extent the compounds TPS, LAS, NP and

DHTDMAC were released into surface wa-

ters and to determine the success of reduc-

tion measures. Because these compounds

are very persistent under anaerobic condi-

tions, they are essentially fixed in the sedi-

ments and can now be used as tracers to

reconstruct the history of their release into

the environment. Dated layers of a sediment

core from Wohlensee near Bern were exam-

ined for their concentrations of TPS, LAS,

NP and DHTDMAC [1–4]. The concentra-

tions of these compounds as a function of

depth are shown in Figure 2. The time mark-

ers at 1963 and 1986 are based on Cs-137

measurements [5].

Changes in Product

Composition

The continually increasing concentrations

of TPS before 1963 document the use of

this class of compounds in the period be-

tween 1950 and 1963. The maximum value

of 3.4 mg TPS per kg dry weight was

reached in the first half of the 1960s. In

response to the environmental problem of

excessive foam formation caused by TPS,

many countries voluntarily stopped using

these compounds and created legislations

requiring that surface-active compounds

used in detergents be degradable with 90%

efficiency in a primary degradation step.

Since TPS were not used in Switzerland

after this time, the TPS concentrations in

sediments fell below the detection limit after

1965 (Fig. 2).

The concentration profile for NP shows that

NPnEO surfactants were introduced in

Switzerland in the mid-1960s. Sediment

concentrations of NP of 0.3–0.48 mg/kg 

dry weight reflect the substantial input of

NPnEO surfactants between approximately

1965 and 1985 (Fig. 2). A risk assessment,

performed according to EU methods, deter-

mined a PNEC value (Predicted No Effect

Concentration) of 0.3 mg NP per kg wet

sediment [6]; by 1986, this value was clearly

exceeded. The introduction of the Swiss

Ordinance on Chemicals Hazardous to the

Environment (“Schweizerische Verordnung

über Umweltgefährdende Stoffe”) in 1986

banned the use of NPnEO in laundry deter-

gents. At the same time, manufacturers vol-

untarily stopped using NPnEO in household
Fig. 1: Chemical structures of detergents investigated
in this study.
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cleaners. As a result, NP concentrations in

sediments decreased after the mid-1980s

(Fig. 2). Since the early 1990s, NP concen-

trations have been around 0.05–0.08 mg/kg

dry weight, which is clearly below the PNEC

value.

Effect of Wastewater

Treatment Plants

After the recalcitrant TPS were banned in

the early 1960s, the more readily degrad-

able LAS replaced them. The introduction 

of LAS is reflected in rising LAS concentra-

tions in the sediments. The maximum val-

ues are around 2.4 mg LAS/kg dry weight

and were observed towards the end of the

1960s (Fig. 2). In the early 1970s, the waste-

water treatment plant of the city of Bern

began operations. This treatment plant is by

far the most important one in the watershed

of the Aare River, which includes Wohlen-

see, the source of the sediments examined

in this study. Anionic surfactants, like LAS,

are effectively removed in the aerobic bio-

logical treatment step and through sorption

on the sewage sludge. It is, therefore, not

surprising that LAS concentrations in sedi-

ments from Wohlensee dropped after 1970,

obviously in response to the introduction of

aerobic wastewater treatment (Fig. 2).

The concentration profile for DHTDMAC

indicates that this compound has been

used in Switzerland since the late 1960s.

The maximum DHTDMAC concentrations 

of approximately 70 mg/kg dry weight are

observed in sediment layers that were de-

posited between 1970 and the early 1980s.

A first significant reduction of DHTDMAC

concentrations is observed in the years

after 1980 which coincides with the intro-

duction of phosphate precipitation and

subsequent flocculation/filtration in the pre-

treatment basin of the wastewater treat-

ment plant in Bern. After 1990, there is a

second reduction in DHTDMAC concentra-

tions, which correlates with the replacement

of DHTDMAC by ester quats.

This study illustrates that recently deposited

lake sediments are archives for assessing

the surfactant loadings that our surface

waters have received over the past few

decades. Measures reducing the use of

certain compound classes are also clearly

reflected in the sediment layers. It can be

shown very clearly that legal bans, volun-

tary phasing-out, and better wastewater

treatment plants have significantly reduced

surfactant concentrations in the aquatic

environment.
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Fig. 2: Vertical concentration profiles for TPS, LAS, NP and DHTDMAC in a dated sediment core from Wohlensee,
Canton Berne, Switzerland. 
Decreases in concentration are caused by different, consecutive reduction measures. A: replacement of TPS by
LAS (1964); B: implementation of the wastewater treatment plant for the region of Bern (1970); C: introduction of
phosphate precipitation and flocculation/filtration (after 1978); D: NPnEO is banned by Ordinance on Chemicals
Hazardous to the Environment (1986). Measurements of Cs-137 provide time markers for 1963 and 1986.
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RNA – A Tracer to Detect
Microorganisms

The group “Molecular Ecology” at EAWAG in Kastanienbaum uses

16S rRNA, a structural element of ribosomes, as a tracer in stud-

ies on the carbon cycle in anaerobic sediments. Two examples

are presented here. Fluorescence in situ hybridization was used

to identify active bacteria in 150 year old sediments from Baldeg-

gersee. Two populations of methane-forming Archaea were

characterized in Rotsee sediments; their depth distribution was

correlated with the quality of available organic material.

RNA as a Molecular Tracer

According to recent estimates, less than

1% of the naturally occurring prokaryotes

(bacteria within the domains Bacteria and

Archaea) are identifiable by traditional cul-

ture methods. The recent development of

molecular tracers, however, allows us to

confirm the presence of microorganisms 

in the environment that have not yet been

cultured in the laboratory. 

Ribonucleic acid (RNA) can be classified as

mRNA, tRNA, or rRNA, according to its spe-

cific structure and function. When there is

need for a particular protein, mRNA (mes-

senger RNA) transports the genetic informa-

tion in the form of a copy to the ribosomes

where protein synthesis takes place. The

tRNA (transfer RNA) brings the necessary

amino acids to the ribosome where they 

are linked together to proteins. Ribosomes

themselves are made up of rRNA subunits

(ribosomal RNA) of different size (i.e., 5S,

16S and 23S rRNA; S = Svedberg unit, rep-

resenting the velocity at which suspended

biomolecules sedimentate under standard

centrifugation conditions).

Fig. 1: Two-dimensional structure
of 16S rRNA of Escherichia coli
with conservative sections (A
and B) and a variable section (C)
which bind different genetic
probes. Eub338 identifies organ-
isms in the domain Bacteria;
Arch915 detects organisms in 
the domain Archaea; the gene
probes Rotc11 and Rotc12 iden-
tify two different populations 
of methanogenic Archaea.

A

B

C

A: Eub338 5'GCTGCCTCCCGTAGGAT3'
B: Arch915 5'GTGCTCCCCCGCCAATTCCT3'
C: Rotc11 5'CTCCCGGCCTCGAGCCAGAC3'

Rotc12 5'CTCCCGATCCCAAGTCTTGC3'

Fig. 2: In situ hybridization of a sediment sample with
the RNA probe Arch915 detecting Archaea [5] as indi-
cated by arrows.

16S rRNA (Fig. 1) is a particularly useful

tracer in molecular ecology [1]. Compara-

tive analyses of the molecular sequences 

of 16S rRNA isolated from a range of pro-

karyotes have shown that it possesses 

both highly conserved and highly variable

regions [2]. Conserved regions, for example,

show the same sequence for all prokary-

otes, while highly variable regions can help

to identify specific groups of prokaryotes.

Based on these differences, it is possible 

to design RNA probes with different selec-

tivity. RNA probes contain approximately

20 nucleotides that are complementary to

the selected target region on the rRNA. An

enormous number of gene probes for the

selective identification of a wide range of

groups of prokaryotes have been published

to date [3]. Some examples are given in

Fig. 1. Using fluorescence in situ hybridiza-

tion [4], a given RNA probe is labeled with a

fluorescent dye and mixed with an environ-

mental sample in high concentrations. The

probe diffuses into the prokaryotic cells and

binds to (hybridizes with) its complementary

target on the rRNA within the procaryotic

cell without destroying its structure. Marked

cells are visible under a fluorescence micro-

scope and can be quantified by direct

counting (Fig. 2).

Active Bacteria in 150 Year Old

Sediments

We used fluorescence in situ hybridization

to identify metabolically active prokaryotes
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Methanogens in Rotsee

Sediments

In a second study, we investigated which

specific methanogens are responsible for

the anaerobic degradation of organic mate-

rial in the sediments of Rotsee [6]. The first

task was to find RNA probes that were

selective for the methanogens present in

this site. We extracted the total nucleic acid

fraction from the top 10 cm of a sediment

core. This fraction served as a template for

a selective polymerase chain reaction (PCR)

in which the 16S rRNA genes of the indige-

nous methanogens present in the studied

sediment core were amplified [7]. Subse-

quent sequencing of the PCR fragments

allowed us to synthesize two specific

probes: Rotc11 identifies a group of meth-

anogenic Archaea that form methane (CH4)

from CO2 and H2, while Rotc12 detects

methanogens that transform acetate to CH4

and CO2 (Fig. 1).

These two probes Rotc11 and Rotc12 were

used in fluorescence in situ hybridization

assays to determine the depth profile of the

two populations (Fig. 4). Results showed

that the acetate-using Archaea were pre-

sent at all depths, while the methanogens

transforming CO2 and H2 to methane were

restricted to the top two centimeters of the

sediment. These bacteria appear to require

freshly sedimented organic material. 

Our Goals

The two projects described here demon-

strate the versatility of methods using rRNA

as a tracer. The group “Molecular Ecology”

at EAWAG Kastanienbaum is using these

methods, combined with chemical analy-

ses, in an interdisciplinary effort to com-

prehensively characterize microbial com-

munities in natural aquatic systems.
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Fig. 3: Cell counts in the top 50 cm of a sediment core
from Lake Baldegg, Switzerland (number of cells per
gram dry weight of sediment). Microorganisms were
made visible by fluorescence in situ hybridization
(FISH) and counted under a fluorescence microscope.
The RNA probe used was Eub338.

Number of Cells ·108 per g dry sediment

0

10

20

30

40

50

S
ed

im
en

t 
d

ep
th

 (c
m

)

100 20

Fig. 4: Distribution of different groups of microorgan-
isms in Rotsee sediment (per g dry wt). Identification
with fluorescence in situ hybridization using various
gene probes.
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in a sediment core from Baldeggersee.

Among others, we used the probe Eub338

[5], which detects all organisms of the

domain Bacteria (Fig. 1). The density of bac-

teria was highest in the first few centimeters

and then decreased with depth. Layers

below 40 cm are older than 150 years and

showed only minimal cell counts (Fig. 3).

Using culturing techniques, however, we

were able to confirm the presence of active

microorganisms in these sediments, which

are capable of completely degrading or-

ganic material in sediment layers that were

as old as 6000 years.
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Silver as a New Tracer for
Diatom Production

Sediments from oceans and lakes contain a record of the history

of the water body itself, of the nearby land masses, and of the

climate. The art of paleoceanography and paleolimnology is to

correctly interpret these archives. Metals generally serve as tracers,

yielding information about primary productivity levels as well as

redox conditions at the time of deposition. The use of silver as 

a specific indicator for the productivity of diatoms is a new addi-

tion to the arsenal of tracers.

In chemical paleoceanography, and in-

creasingly in paleolimnology, sediment se-

quences are being examined for indicators

that allow us to reconstruct the conditions

prevailing at the time of deposition. The

presence of layers rich in organic material

might indicate increased levels of primary

production or, alternatively, of reduced

levels of decomposition due to a lack of

oxygen in deeper waters at the time when

those particular sediment layers were

formed [1]. The challenge is to distinguish

between these two different interpretations.

Metals as Indicators

In marine sediments, redox-sensitive trace

metals such as rhenium (Re), molybdenum

(Mo), uranium (U) and cadmium (Cd) have

been used as tracers for years [2]. It is cru-

cial that the biogeochemical cycling of

these metals in water and in the sediments

is well known.

Re, U and Mo behave largely conservatively

in oceans, i.e., they do not participate in

chemical or biological reactions. They dif-

fuse from the deep water into the sediment,

where they are reduced and accumulate. 

Re becomes reduced at suboxic conditions,

i.e., under conditions where oxygen is de-

pleted, but where bacterial sulfate reduction

is not yet active. The reduction of U and

Mo requires anoxic conditions, meaning

that they will not be reduced until the redox

potential is low enough to reduce sulfate to

sulfide. The position of the sulfate reducing

zone (redox front) determines the diffusion

rate of the metals (Fig. 1). If the zone of sul-

fate reduction lies far within the sediment,

the diffusion distance for the metals is large,

and the gradient is flat. Under these con-

ditions, only small amounts of Re, U and

Mo diffuse into the sediment where they 

are fixed. Accumulation of these metals is,

therefore, dependent on the depth to which

sulfate infiltrates the sediment; in other

words, on the redox condition at the water-

sediment interface. Re, U and Mo may,

therefore, be used as tracers of historic

redox conditions in deep water bodies.

In contrast, Cd is involved in the biological

cycle since it is taken up by phytoplankton,

similar to phosphorus. Cd reaches the sed-

iments as part of settling organic particles.

When the organic material is degraded in

the sediments, Cd is released and diffuses

back into the water column, thus being lost

from the sediment. If free sulfide is present,

the insoluble cadmium sulfide (CdS) precip-

itates and is retained in the sediment. The

smallest traces of sulfide suffice in creating

a Cd signal, which makes Cd a good tracer

of primary production.

Silver Binds to Diatom Shells

Silver (Ag) behaves very similarly to Cd. It 

is taken up by phytoplankton, reaches the

sediment and becomes immobilized as

silver sulfide (Ag2S) like CdS. In the case of

both metals, a minimal concentration of free

sulfide, and therefore sulfate reduction, is

required for the precipitation of the insoluble

sulfide. Under such reducing conditions, the

Cd or the Ag signal of primary production 

is preserved. As in the case of Re, U and

Mo, the concentration of the Ag and Cd in

the sediment is dependent on the depth of

the redox front. 

In contrast to Cd though, Ag is not taken 

up into the interior of the algae but is pri-

marily adsorbed to the exterior of the shell

Fig. 1: The depth to which sulfate diffuses into the
sediment defines the redox front. When the redox
front lies close to the sediment-water interface, the
diffusion (D) of metals into the sediment is high; when
the redox front lies deeper within the sediment, the
amount of diffusion is smaller.
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structure. It has been shown in laboratory

experiments that silver binds more strongly

to silica shells (diatoms) than to calcite

shells (e.g., coccolithophores) [3]. This find-

ing has led to the hypothesis that Ag may 

be used both as a tracer of primary pro-

duction and as a specific indicator for the

production of diatoms. The purpose of the

study presented here was to test this hy-

pothesis [4].

Silver in Sedimenting Particles

First, we needed to confirm that Ag binds 

to diatoms and sediments with dead algae.

For this purpose, sediment traps were de-

ployed in the open water in the Saanich Inlet

(British Columbia, Canada) at a depth be-

yond light penetration. Sediment traps were

emptied monthly and examined for their

concentration of biogenic silica and Ag.

During the summer months, the sedimen-

tation rate of silica increases due to an

increase of diatom production; silver con-

centrations augment concomitantly (Fig. 2).

The maximum Ag concentration observed

was up to 12 times higher than the average

concentration in the sediments. Similar con-

centrations have only been reported in

areas heavily impacted by anthropogenic

activity, as for example in the sediments off

Long Island near New York, where sewage

effluent is discharged into the ocean at

depth. The high concentrations of Ag in

sediment trap material from waters with

very low levels of anthropogenic input can

only indicate intensive uptake by diatoms.

Concentration of Silver: 

A Measure for Diatom

Productivity

In marine sediments, diatom shells are often

completely dissolved, which makes the

reconstruction of past levels of primary pro-

duction from sediment data very difficult.

Therefore, our next step was to determine

whether Ag is suitable as a specific tracer

for diatom productivity. For this purpose, we

examined an 8 m long sediment core from

the Gulf of Alaska. The core was previously

documented as containing three layers of

diatom shells (Fig. 3, gray regions). These

layers were formed during episodes of

increased primary production and are char-

acterized by high silica concentrations (data

not shown).

Ag and Cd were determined in individual

layers of the sediment core. Figure 3 shows

that the concentration profiles for both

metals follow a similar pattern. There are

several horizons with elevated levels of the

[1] Calvert S.E., Pedersen T.F. (1992): Organic carbon

accumulation and preservation in marine sediments:

How important is anoxia? In: Whelan J.K., Farrington

J.W. (eds.), Organic matter: productivity, accumulation

and preservation in recent sediments. Columbia Uni-

versity Press, New York, 533 pp.

[2] Crusius J., Calvert S., Pedersen T.F., Sage D. (1996):

Rhenium and molybdenum enrichments in sediments

as indicators of oxic, suboxic and sulfidic conditions

of deposition. Earth & Planetary Science Letters 145,

65–78.

[3] Fisher N.S., Wente M. (1993): The release of trace

elements by dying marine phytoplankton. Deep-sea

Research 40, 671–694.

[4] Friedl G., Pedersen T.F., Crusius J., Donald D. (2002):

Enrichment of silver in marine sediments as an indi-

cator of high paleoproductivity. Paleoceanography,

submitted.
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two metals, indicating increased levels of

primary production at the time of deposi-

tion. Closer examination of the Ag/Cd ratios

reveals that the horizons can be divided into

two distinct types: several horizons with a

Ag/Cd ratio of approximately 0.2, and three

horizons with a Ag/Cd ratio of about 0.4,

reflecting enrichment in Ag relative to Cd.

Since these three layers correspond to the

layers showing increased silica concen-

trations, the higher Ag/Cd ratio can be

attributed to a higher diatom production.

The results demonstrate for the first time the

usefulness of Ag as a tracer for diatom pro-

ductivity.
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The smallest temperature variations in natural waters extend over

fractions of millimeters. These so-called temperature microstruc-

tures can be used as a tracer of turbulent mixing processes and

their small-scale dynamics. This methodology allows us to differ-

entiate between different effects that cause mixing in natural

waters such as wind and cooling.

In classic tracer applications, concentration

variations of a substance are measured as 

a function of time and space, which allows

us to determine transport and transforma-

tion rates for the water constituents of inter-

est. “Standing” waters, such as lakes and

oceans, are almost always density stratified

and exhibit well-defined temperature gra-

dients. In such situations, temperature vari-

ations (∆T', Fig. 1) may be used as a natural

tracer. Since temperature is a conservative

parameter over time periods of seconds to

minutes, temperature variations are a direct

reflection of turbulent transport processes.

This is the basis for the temperature micro-

structure method, which attempts to deter-

mine mixing rates from a large set of ∆T'

measurements. In a stratified body of water,

turbulent currents occur primarily in the

horizontal direction, while vertical mixing is

drastically reduced. However, the turbulent

vertical mixing is still 100 to one million

times faster than the ever present molecular

diffusion (KT or KS; see Table 1). Since verti-

cal mass transfer is calculated as the prod-

uct of turbulent diffusivity, Kv (m2 s–1), times

the concentration gradient, ∂C/∂z (mol m– 4;

z = depth), the determination of Kv is of

great practical importance.

The Principle

What is the relationship between tempera-

ture microstructures and mixing rates? The

basic principle is illustrated in figure 1 using

a temperature profile from Lake Neuchâtel.

If a temperature gradient ∂T/∂z is present,

neighboring water parcels have slightly

different temperatures. Turbulent mixing of

the water parcels causes temperature vari-

ations that are described by the term

∆T' ≈ L'·(∂T/∂z), where L' represents the ver-

tical excursion of the water parcel from its

equilibrium position. In situ high resolution

measurements of ∆T' and the vertical gra-

dient, ∂T/∂z, therefore, yield information

about the extent L' and the frequency of tur-

bulent eddies (Fig. 1). Two different statisti-

cal models (see box) are available to convert

the two measured parameters into mixing

rates (m2 s–1) and turbulent energy dissipa-

tion (W kg–1) [Details in 1]. Eddy dimensions

can vary, depending on the stratification

and the available energy, from millimeters to

several meters, such as in oceans or in Lake

Baikal. Variations over distances of less

than 1 m are called temperature microstruc-

tures.

The Measurement

Complete resolution of temperature or ve-

locity microstructures on a millimeter scale

is critical for successful measurements of

turbulence. Profiles are typically measured

with free sinking or rising probes, often op-

erated from ships, or in more recent devel-

opments, freely floating and controlled via

satellites. The probe has to move at a speed

that is faster than the turbulent velocity, w'

(Table 1); however, the thermal equilibration

time scale of the sensors of approximately

one-hundredth of a second requires the

lowest possible probe velocity. As a com-

promise, probes are typically moved at

velocities of 5 to 10 cm s–1, which yields a

vertical resolution of the temperature pro-

file of 0.5 to 1 mm. It is important that the

fast responding temperature sensors are

mounted at the tip of the probe in order to

sense the undisturbed waters.
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Fig. 1: Temperature profile in Lake Neuchâtel (left, T-measured) and the corresponding excursion profile of vertical
displacements (L', on right). The excursions L' reach distances of up to 2 m relative to the stable equilibrium posi-
tion (no turbulence; left, T-stable). The temperature variations ∆T' are created by turbulent mixing of neighboring
water parcels of differing temperature.

Temperature Microstructure 
as a Tracer of Turbulence and
Mixing
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The Application

Turbulent diffusion in stratified waters is

important in many different ways. In oceans,

for example, turbulence influences the fate

of climate-controlling gases or of heat

transfer between the equator and polar

regions. In lakes, turbulence has an impact

on the distribution of nutrients and pollu-

tants, algal production, transport of oxygen

and other redox parameters, and ultimately

impacts the formation of sediments. The

measurement of vertical diffusivity in natur-

al waters is rather delicate, since mixing

against the stratification occurs slowly and

Symbol Property Typical Range

∆T' Temperature variations (local) in lakes 0.0001 to 0.1 °C

Kv Vertical turbulent diffusivity (mixing rate Kv = w'·L') 10–7 to 10– 4 m2 s–1

KT Molecular diffusivity (temperature) 1.4·10–7 m2 s–1

KS Molecular diffusivity of solutes around 10–9 m2 s–1

L' Vertical site of eddies cm to several m

w' Vertical velocity of eddies (w' = (ε/N)1⁄2) 0.01 to 10 cm s–1

ε Dissipation of turbulent energy into heat 10–11 to 10– 6 W kg–1

N2 Stability of the water column (N2 = -1/ρ·∂ρ/∂z) 10–9 to 10– 2 s– 2

Cox number method: This method compares the gradient of temperature variations ∆T' (or
more precisely, [∂T'/∂z]2) to the average gradient [∂T/∂z]2. The ratio of these two numbers, the
so-called Cox number, is a measure for determining how much larger the turbulent mixing 
rate compared to the molecular diffusion rate (see Table 1 for typical values) is.

Dissipation method: This method uses the information in the fine structure of the measured
temperature fluctuations. The more intensive the turbulence, the smaller the eddies can be
before they are smoothed out by the viscosity of water. From these smallest structures, we can
draw conclusions about the dissipation of turbulent energy (Table 1). Dissipation is the classic
measure for the intensity of turbulence in natural systems.
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Table 1: Range of turbulent properties in stratified natural waters.

Fig. 2: Typical profile of turbulence intensity in a lake (here: Lake Alpnach). At the surface, turbulent energy is cre-
ated by direct wind impact and by cooling. Turbulence decreases with depth and is additionally dampened by
stratification. In the interior of the water body, conditions are extremely calm. Above the lake bottom, turbulence
intensity increases, mostly due to friction with the bottom.

is spatially and temporally very hetero-

geneous. Figure 1 illustrates how turbulent

and inactive zones alternate.

Traditionally, vertical mixing rates have been

determined “indirectly” by following the dis-

tribution of a tracer over time or via heat

budgets. In such an approach, we are only

able to observe the integrated result of all

turbulent mixing processes. However, it is

not possible to identify inactive or particu-

larly turbulent zones nor to determine the

mixing intensity at any specific location or

point in time. In contrast, direct measure-

ment of temperature microstructures also

includes turbulent events and resolves them

temporally and spatially. This allowed us, 

for example, to document the role that the

sediment-water interface layer plays in tur-

bulent mixing processes in the hypolimnion

of medium and small lakes (Fig. 2) [2]. Mea-

surements in Lake Baikal [3] and in near-

shore areas of oceans indicate that, even in

large water bodies, processes near the sed-

iments largely control vertical mixing.

Another benefit of this method is that we

can examine turbulence under different

physical boundary conditions. We are now

able to correctly represent and parameter-

ize different physical mixing processes in

models and can determine the paths and

residence times of mechanical energy. This

allows us, for example, to distinguish be-

tween wind impact and the effects of cool-

ing – a task which was difficult to achieve

using classic tracer methods.

This work has received long-term support

from the Swiss National Science Founda-

tion and EAWAG.
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Identification of Groundwater
Habitats Using Radon as a Tracer

Floodplains harbor a complex network of aquatic habitats that are

fed by surface water as well as ground water. With the help of

the radon method, it is possible to identify habitats that are

primarily influenced by ground water. In the “middle floodplain” of

Valle di Blenio, we were able to distinguish three types of ground

water by determining radon along with sulfate concentrations.

Each type of ground water is characterized by a different propor-

tion of freshly-infiltrated surface water.

Floodplains are sections of a stream system

that are periodically flooded [1]. They are

often found in gravel deposits along valley

floors and have a characteristic plant and

wildlife community, depending on the dura-

tion and frequency of flooding events. In

floodplains, there is an intense exchange

between surface water and ground water;

surface water can infiltrate into ground

water and vice versa.

Radon as a Tracer in Ground

Water

Groundwater habitats in floodplains are

characterized by varying mixing ratios of

surface water and ground water and by vari-

able residence times of the mixed water [1].

Using the naturally occurring tracer radon,

we can estimate this mixing proportion.

Ground water naturally contains the radio-

active noble gas radon (isotope Rn-222,

referred to as Rn; see box) in detectable

concentrations. Surface water, in contrast,

contains virtually no Rn, since it is released

as gas into the atmosphere. Surface water

that has freshly infiltrated to the subsurface

will take up Rn and reach a steady-state

concentration after approximately 15 days

(Fig. 2) [2].

Groundwater Influence in the

Floodplains of Valle di Blenio 

An EAWAG case study in the “middle flood-

plain” of Valle di Blenio (Acquarossa – Ponto

Valentino, Canton Ticino; Fig. 1) aimed at

determining the extent to which aquatic

habitats in floodplains are influenced by

ground water. Part of the middle floodplain is

fed by hillslope water [3]. Hillslope water is

ground water that flows from the valley sides

towards the valley bottom and emerges in

the floodplain as springs. Such springs, for

example, can be found in the gravel de-

posits associated with the tributary stream

Uregn. Additionally, there are springs and

groundwater upwellings along the stream

bed and banks of the Brenno that are fed by

valley floor ground water. A relatively high

proportion of freshly infiltrated surface wa-

ter characterizes this ground water.

Nine sites in the middle floodplain were

sampled on three days (July and October

1999, April 2000). At these sites, ground-

water samples were pumped from depths 

of up to 10 m. For comparison, water from

two springs of the sulfate-rich Trias forma-

tion and surface water from the tributary

Uregn and the main channel of the Brenno

was sampled (Fig. 1). Radon concentrations

in the water samples were immediately

measured in the field with a semiconductor

detector. 

Three Types of Ground Water

Measured Rn concentrations were between

5 and 45 Bq/l (unit Bq: see box). As ex-

pected, the surface water from the Brenno

and the Uregn contained virtually no Rn.

The water from the two triassic springs, on

the other hand, showed high Rn concen-

trations (>33 Bq/l), reflecting the fact that

this is older, unmixed ground water. The

Radon

The radioactive isotope Radon-222 (half-
life 3.8 days) is produced by the natural
decay of Radium-226, itself a decay prod-
uct of Uranium-238. Chemically, radon is
an inert noble gas. Radon has a strong
ability to penetrate rock; if uranium and/or
radium is present in permeable rock,
radon can be released by diffusion and
recoil (emanation). Thus radon can reach
ground water or soil gas, from where it 
is released as gas into the atmosphere. 
Radioactivity is measured as number of
decays per second, which is the definition
of the unit Becquerel (Bq). The concentra-
tion of radioactivity in ground water is
described as Bq/l. Fig. 1: Map of the middle floodplain of the Valle di

Blenio (Canton Ticino), with sampling locations.
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samples from the 9 groundwater sites con-

tained mixed water with Rn concentrations

between 5 and 33 Bq/l. Because of the wide

range of Rn concentrations found in the

mixed water samples, no clear pattern

could be determined. In some sampling

locations, the Rn concentration changed

between sampling dates. The additional

determination of sulfate (SO4
2–) concen-

trations can give us a clearer picture of

whether different types of ground water are

present.

The water of the Brenno is known for rela-

tively high SO4
2– concentrations. The sulfate

is generated by the dissolution of gypsum

and anhydrite rocks of the Trias formation 

in the upper parts of the watershed [4, 5].

Sulfate concentrations were, in fact, be-

tween 1 and 2.5 mmol/l for most of the

water samples. Groundwater samples and

water samples from the Uregn, on the other

hand, contained only little SO4
2– (<1 mmol/l). Figure 3 demonstrates how Rn and SO4

2–

concentrations can be used to define three

types of ground water. The first group is

characterized by low SO4
2– and intermediate

Rn concentrations; this is thought to be

relatively old ground water, probably being

fed by hillslope ground water from the area

of the tributary Uregn. The low SO4
2– con-

centrations indicate minimal infiltration of

surface water. The second group includes

samples with intermediate SO4
2– and low Rn

concentrations. This combination indicates

fairly young mixed water with a relatively

high proportion of infiltrated Brenno water.

The third group comprises the water sam-

ples from the triassic springs, characterized

by both high SO4
2– and Rn concentrations.

These results illustrate how Rn concentra-

tions, in this case in combination with SO4
2–

concentrations, allow us to determine mix-

ing ratios and the age of ground water. De-

pending on the quality of the ground water,

we can expect different subsurface habi-

tats. In addition to the hydrological aspects

described in this article, a comprehensive

characterization of groundwater habitats

must include detailed biological and geo-

logical investigations.
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samples; squares: samples from
triassic springs.
� Light blue area: relatively old

mixed water with low proportion
of surface water and high propor-
tion of ground water (11 samples
from 4 locations).

� Dark blue area: relatively young
mixed water with high proportion
of surface water and low propor-
tion of ground water (18 samples
from 8 locations).

Regression curve for these 29 sam-
ples: y  = -9.5x + 27; r = -0.68.
� Gray area: older, unmixed ground

water from the triassic springs
(6 samples from 2 locations).

The “middle floodplain” of Valle di Blenio, Canton Ticino.
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Conservative Elements
on New Trails

A new model describing the physical process of gas exchange

between entrapped soil air and ground water is able to provide an

explanation of excess air in ground water. The model postulates

equilibrium conditions between the ground water and the entrapped

air. Based on this model, we can more meaningfully interpret

atmospheric gas concentrations and more accurately quantify radio-

genic helium which, in turn, allows us to more accurately date

young ground water.

Over the last three decades, tracer-based

methods have been successfully applied in

research on the renewal of deep water

masses in oceans and large lakes [1, 2].

Conservative trace gases, such as the tran-

sient nobel gases, are of primary analytical

interest. If one follows the concentration

changes of these transient tracers over

time, one observes certain simple regulari-

ties; for example, 3He (helium) accumulates

in the water due to the decay of the radio-

active hydrogen isotope tritium (3H). Hence

the tritiogenic 3He concentration is a mea-

sure of the time that has passed since the

water was last in contact with the atmos-

phere; in other words, of “the age” of that

particular water body.

It has long been obvious that these power-

ful tracer methods could also be used to

determine the residence time and exchange

rates of ground water; however, since gas

exchange between soil air and ground water

is far more complex than gas exchange

between open waters and the free atmos-

phere, the tracer methodology developed

for oceans could not be simply transferred

for use in groundwater studies. Specifically,

the occurrence of excess air complicates

the application of the 3H-3He dating method.

Therefore, the EAWAG group “Environmen-

tal Isotopes” has focused its research over

the past several years on gas exchange

between the atmosphere, soil and ground

water.

“Excess Air” in Ground Water

Since the solubility of the noble gases in

water is strongly temperature dependent,

the equilibrium concentration of these gases

is a direct measure of the temperatures pre-

vailing during the gas exchange. In contrast

to open waters, the concentrations of noble

gases in ground water are clearly above ex-

pected equilibrium concentrations (Fig. 1).

In order to obtain accurate temperature

determinations, the measured noble gas

concentrations have been corrected for the

“excess air” component. The composition

of this ”excess air” is close to the compo-

sition of the atmosphere. Although it has

been known for decades that this “excess

air” occurs in ground water and that it limits

Fig. 1: Model explaining excess noble gas concentra-
tions in ground water.
Measured gas concentrations (Σ) are clearly higher
than concentrations expected on the basis of equilib-
rium with the atmosphere (gray). Equilibrium con-
centrations are determined by the total pressure (p),
average soil temperature (T), and the specific solu-
bility of a given gas. The lighter the gas, the more
enriched it becomes in the gas phase (“excess air”, 
A, light blue). The excess of the purely atmospheric
noble gases (Ne, Ar, Kr, Xe) in ground water have a
composition similar to air but the heavier noble gases
are enriched (F, fractionation). Helium is the only noble
gas that receives additional input from radioactive
decay (4He: decay of U and Th; 3He: decay of 3H). The
models describing gas solution in ground water are
based on the following physical parameters: T, A, F
and p, as well as the concentrations of the four
atmospheric noble gases Ne, Ar, Kr, Xe (CNG, me =
measured, mo = modeled). Using statistical methods,
the model calculates the radiogenic component of the
measured He concentrations which, in turn, yields an
accurate age determination for the ground water.
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the application of noble gases to date

ground water and to reconstruct paleo-

climate conditions, almost no attempts

have been made to understand the origin

and the formation of this “excess air” in

ground water.

The noble gases, neon (Ne), argon (Ar),

krypton (Kr) and xenon (Xe), found in water

are exclusively of atmospheric origin, while

helium (He) has both atmospheric- and 

non-atmospheric sources. Therefore, we

can use four of the noble gases to solve 

the equations for gas exchange between

atmosphere and ground water (Fig. 1). The

system of equations is determined by three

free parameters: temperature, amount of

“excess air”, and its elemental fractionation

(with respect to air). The pressure is usually

fairly well known, since it is given by the

elevation of the infiltration zone. The equa-

tions can be solved iteratively by appro-

priate statistical algorithms for temperature

and the other free parameters [3].
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A number of models have been proposed to

describe the concentrations of atmospheric

noble gases in ground water. These models

vary in their assumptions about the under-

lying physical processes that govern gas

exchange; however, none have been able 

to adequately account for excess helium

concentrations that are calculated from 3He

and 4He measurements in relatively young

groundwater bodies [3].

“Entrapped Air” in Soil

There is clearly a need for new approaches

to describe gas exchange between ground

water and soil air. The new models need to

adequately represent real conditions in soils

and better predict the observed concentra-

tions of He isotopes.

In contrast to common terminology, there 

is a gradual transition between the vadose

zone (pore spaces filled with air and water)

and the saturated zone (pore space com-

pletely filled with water). Typically, there is a

transitional zone, which would traditionally

be called saturated, where 10–20% of the

pore space is filled with trapped and im-

mobilized air. This so-called “entrapped air”

has a crucial influence on the groundwater

recharge because it forms an effective bar-

rier against infiltration.

Despite the fact that “entrapped air” has

been extensively studied in soil science, it

was not until our recent studies that the

functional relationship between “excess air”

and “entrapped air” and its effect on gas

exchange with ground water were described

[4, 5]. Flow velocities in the quasi-saturated

zone are extremely low (meters per day at

most); additionally, the pressure in this zone

is 5–10% higher than atmospheric pressure

due to hydrostatic overburden. It can be

assumed that the locally increased pressure

will result in a new equilibrium between

“entrapped air” and the dissolved noble

gases in the ground water. Since the “en-

trapped air” is a finite reservoir of limited

capacity, and since the pressure in the

trapped gas phase must be equal to the

external pressure, the partial pressures of

the various gases within the gas phase 

will adjust accordingly. As a result, the en-

trapped air pockets become enriched in the

lighter noble gases relative to unfractionat-

ed air. The water phase, on the other hand,

will become enriched in the heavier and

more soluble noble gases (Fig. 1).

This new gas exchange model, which pos-

tulates an equilibrium between ground

water and “entrapped air”, exactly predicts

the elemental composition of the noble gas

excess that is typical in ground water. What

is particularly important is the fact that the

nobel gas excesses are directly linked to

observable physical parameters, such as

the overpressure in the quasi-saturated

zone (Fig. 2). Another benefit of the new

model is that the amounts of “excess air”

may be interpreted in paleoclimatic terms

[5–7]. The proposed model is currently the

only one that predicts “realistic” atmos-

pheric He concentrations and hence pro-

vides a step forward to using the isotopes

for groundwater dating.

Conclusion: Accurate Age

Determination for Ground Water

In summary, the new model has not only ex-

panded our understanding of gas exchange

in ground water but it also allows on a phys-

ical basis, the determination of the temper-

ature by measuring noble gas concentra-

tions. The new concept of gas exchange in

ground water has also significantly im-

proved the quality of 3H-3He dating meth-

ods for relatively young ground water. Our

new model results in younger, more plau-

sible groundwater ages; whereas previous

fractionation models yielded unrealistically

high residence times.
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Fig. 2: “Excess air” in ground water of different geographical regions. Ground water from arid regions (Niger, Brazil)
generally shows more “excess air” than ground water from temperate zones (Belgium, France, USA). Ground water
from Niger, for example, which is older than 5000 years, shows exceptionally high amounts of “excess air”.
According to other paleoclimatic records, the climate in the region of the Sahel zone used to be significantly more
humid than it is today (“green Sahara”). It can be assumed that under these more humid conditions, groundwater
recharge was more intense, and groundwater levels were subject to large fluctuations. The resulting increased
hydraulic overburden led to higher pressure in the quasi-saturated zone and hence more “excess air” can be dis-
solved in the ground water [6].
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“Emerging Water
Contaminants”

An Interview with Ruth Gonseth

Dr. Ruth Gonseth was a representative of the Green Party in the

Swiss National Parliament (Nationalrat) from 1991 to 2001. In this

function, Dr. Gonseth was intensively concerned about contami-

nants in water and has submitted two legislative proposals “Re-

search Need: Chemicals with Endocrine Effects” and “Reduction

of Hormonally Active Substances”. Dr. Gonseth has a dermatology

practice and is an active member of the association “Doctors for

Environmental Protection”. EAWAG News interviewed Dr. Gonseth

about the motives of her involvement in these issues, Switzer-

land’s role in the international scene, and what she expects from

research.

EAWAG news: You are very actively in-

volved in issues of contaminants and pol-

lution. What are your motives?

Ruth Gonseth: I have been interested in

these kinds of problems for a long time. I

have always taken special notice of reports

on chemical spills, particularly when it in-

volved chemicals that can have detrimental

effects on animals and humans in even very

low concentrations. At the same time, I

always look at these incidents through the

eyes of a physician. I am very disturbed by

the increase in problems related to the male

and female reproductive systems, particu-

larly the rising number of cancers involving

the breasts, testicles and prostate gland

where a connection with endocrine envi-

ronmental pollutants has been suggested. I

only became really active after reading the

report by the BUWAL (Federal Office of

Environment, Forests and Landscape) on

“Chemicals with Endocrine Properties in the

Environment”, which was coauthored by

EAWAG. The document is a status report

and is particularly interesting for how much

it revealed that we do not know. I was

shocked to learn that over the last five

years, Switzerland has only spent about

500,000 CHF on research related to this

very important topic. This is why I launched

my first legislative proposal in 1999. I fol-

lowed it up with a second interpellation 

in the spring of 2000 after the National

Council (Bundesrat) failed to initiate any

convincing measures. During the same

period, the OECD had released a report on

the loss of animal and plant species, which

is more pronounced in Switzerland than in

other countries. Among other factors, water

contamination is quoted as one of the major

possible causes. 45 out of 54 fish species 

in Switzerland are endangered. This is an

absolutely terrifying number!

Are you satisfied with the outcome of your

interpellation?

Yes, I am satisfied for the time being. After

my second interpellation, the National

Council established the national research

program “Hormonally Active Chemicals in

the Environment – Importance for Humans

and Animals”. The Federal government will

be providing 15 Million CHF over the next

five years. Switzerland has excellent scien-

tists working in this field who will now be

able to provide basic research in this prob-

lem area.

It appears that things have started to move

on the research side. What measures do

you think the government should introduce

immediately in order to minimize the risk of

hazardous substances in the short- to mid-

terms?

Before we can make decisions of any kind,

we need a comprehensive inventory of con-

taminant emissions. In such an inventory,

we must compile the amounts and potential

risks of environmental pollutants, similar to

what we are already doing for atmospheric

pollutants. I think it will be a wake-up call

when we see the list of compounds that are

actually released into the environment and

into water in particular.

At the same time, many compounds that 

are currently in use must be re-examined 

for their hormonal activities, as is already

F O R U M

“We have to introduce the ‘pay-as-you-pollute’ principle, along with financial or other incentives and stricter
liability laws.”
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being done for sun protection chemicals. In

situations where toxic or other detrimental

effects on organisms or the environment

already have been documented unequivo-

cally, as is the case for nonylphenols in

detergents for example, I advocate a strict

ban of use of these compounds.

But we cannot limit ourselves to fighting the

symptoms after-the-fact. Producers and

distributors of these compounds must

shoulder more of the responsibility. We must

introduce the “pay-as-you-pollute” prin-

ciple, along with financial or other incentives

and stricter liability laws. This would give

industry some motivation to extensively test

new chemicals and refrain from introducing

such compounds if there is even the slight-

est sign of a problem.

Do you think the “pay-as-you-pollute” prin-

ciple is enforceable?

It certainly is difficult; the lobby of the man-

ufacturing industry is very powerful. At the

same time, many of the users of these

chemicals are also not interested in funda-

mental changes. Our intensive agricultural

industry, for example, presents an enor-

mous problem. Pesticides are still being

used in huge quantities and end up in the

environment. We have to move away from

using these poisons. I am a strong advo-

cate of biological agriculture. The increased

demand for bioproducts by consumers is 

a huge opportunity for bringing about a

fundamental change in our production

methods, although I think that we need to

increase the competitiveness of bioprod-

ucts by levying fees on pesticides.

The problem of environmental pollutants 

is a global one. What political goals should

Switzerland pursue on the international

level?

Switzerland has to become more engaged

in international panels. It is an urgent goal 

to come to international agreements on

pollutant levels. We are well off in Switzer-

land, being in the water reservoir of Europe,

but countries farther downstream, along the

Rhine for example, are still confronted with

enormous problems. Despite the fact that

pollutant concentrations have continually

dropped over the last few years, we cannot

cancel the alarm quite yet. This is why the

work of the “International Commission for

the Protection of the Rhine” is so important.

It brings together all of the countries in the

Rhine watershed at one table for a joint

effort to find solutions.

A second important problem concerns

southern countries. Many people do not

have access to uncontaminated drinking

water. We already know that the water sup-

ply will become even tighter in the future

and that water will become a source of

conflict. As a privileged country, we have

the obligation to provide “know-how”. An

urgent issue, for example, is wastewater

treatment, which is completely lacking even

in large cities. Agriculture needs new water

conservation technologies since approxi-

mately two thirds of the irrigation water is

being wasted – it evaporates – although

more appropriate irrigation systems could

mitigate this problem. This is another area

where Switzerland could provide useful

research.

In your parliamentary proposal for an inter-

national water convention, you challenge

politicians to become more active. What

are the goals of such a convention?

I would like the National Council to become

an advocate for an international water con-

vention in the appropriate panels, e.g., in

RIO 2002. The main points of the conven-

tion would be to effectively protect water 

as a common public good and to establish

access to clean drinking water as a basic

human right. It will require a huge effort to

guarantee this basic human right, particu-

larly because of the privatization tendencies

in this area. This does not mean that I am

against cooperation with private enter-

prises, but the government has to retain

authority over the drinking water supply.

Finally, the question: what homework would

the politician Ruth Gonseth like to give to

the research community?

First, I am relieved that the Federal Govern-

ment funds the national research program

“Hormonally Active Chemicals in the Envi-

ronment”. The urgent task is now to fill the

gaps in our scientific knowledge in order to

understand the reasons for the disappear-

ance of species, the increase of cancer and

other phenomena. But I also think that the

scientific community has to increasingly

carry this topic into public discussions in

order to raise the awareness that we have

been treating “water” rather carelessly. Sec-

ondly I believe that scientists have to take

on a more political role. Knowledge transfer

is working well within the scientific com-

munity through scientific journals. The same

transfer has to be possible between the

scientific community and politicians.

I thank you very much for this conversa-

tion.

Interview by Martina Bauchrowitz

F O R U M

“Water is a public and common good.”
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CEAC-Workshop: 
Detection of Chemical Pollutants

Last year’s summer workshop by the Cen-

ter for Excellence in Analytical Chemistry

(CEAC) of the ETH Zurich took place on July

12–13 at the EAWAG/EMPA Akadamie. The

general topic was “Analytical methods of

separation and detection in the new mille-

nium”. Specialists from the fields of analyti-

cal chemistry in the environment, in food

and in drugs presented overviews of recent

developments and current applications of

various chemical and biological methods.

Directly coupled methods, methods that

combine separation and detection in one

step such as GC/MS, were of particular

interest. Most methods discussed focus on

the detection of chemical pollutants which

are currently of extreme importance. The

discussions included persistent organic

pollutants, hormonally active substances,

the doping drug erythropoietin (EPO), a well

known peptide hormone, as well as genet-

ically manipulated organisms and prions

causing BSE.

The workshop was organized jointly by

Walter Giger and Hans-Peter Kohler of

EAWAG and by Peter Schmid of EMPA.

More information about the workshop may

be found at www.ceac.ethz.ch

PKD – C’est quoi?

“Proliferative kidney disease”, a kidney

disease in fish, may be partially responsible

for decreasing fisheries yields and gener-

ally deteriorating fitness of fish in Swiss

streams. Possible connections between the

disease and observations of fish health  are

being investigated as part of the project

“Fish Net”.

In July of last year, the project “Fish Net”

invited an international group of experts to a

workshop at EAWAG’s facility in Kastanien-

baum. During two days of talks and discus-

sions, the current knowledge base was

compiled and gaps in our understanding

were identified. We now know that the inter-

mediate host of the parasite causing PKD, 

a moss animal (bryozoan), prefers warm,

slow-moving streams. This piece of infor-

mation, together with information about

EAWAG at the Hannover Trade Fair 2001
EAWAG participated in a booth shared by

the ETH Domain and by the initiative “Tech-

nology Made in Switzerland” at the Han-

nover Trade Show, which took place April

23–28, 2001. The goal of EAWAG’s pres-

ence was to introduce EAWAG to a broad

international public and contribute to infor-

mation and technology transfer.

EAWAG had the opportunity to demonstrate

its activities in research, teaching and con-

sulting in a very interesting and stimulating

environment. The project by Michele Steiner

on “Copper in the Environment – New Filters

Prevent Its Release” formed the central

theme. Copper has excellent properties as a

building material and is used as a roofing

material, as the outer layer on facades, and

in water pipes. Via rain water and sewage

treatment sludge, copper is transported into

the soil and surface waters where it exhibits

toxic effects on a broad range of organisms.

In order to prevent the spread of copper in

the environment, EAWAG is recommending

a novel iron-hydroxide-limestone sand filter

as a means of immobilizing it.

Thanks to EAWAG’s presence at the Han-

nover Trade Show, the public learned about

the problems related to copper and about

the new filtration system. The trade show

also fostered interesting new contacts;

applications of the new filtration system in

related areas were also discussed.

New Face for
Aquatic Sciences

The journal Aquatic Sciences has a long

standing tradition. In 1920, the journal was

launched under the name of the Journal of

Hydrology by the Hydrobiological Commis-

sion of the Swiss Society for the Study of

the Natural Sciences. Since its beginning,

EAWAG has contributed the majority of the

journal’s editors.

In 2002, Aquat-

ic Sciences will

appear with 

a new focus,

format and edi-

torial board.

The changes

were prompted

by a desire to

give the journal

stronger inter-

national recognition. According to its new

subtitle, “Research Across Boundaries”,

emphasis will be shifted to the publication

of interdisciplinary research dealing with

aquatic systems and the influence of human

activity on those systems. Research on the

sustainable management of natural waters

will be of particular interest.

Aquatic Sciences – Research Across

Boundaries will not only publish original

research papers, but also review articles. In

addition, some issues will be dedicated to

topical themes. You are invited to submit

your manuscripts or suggestions for special

issues for publication in Aquatic Sciences.

For more information: 

http://www.eawag.ch/publications/

aquatic_sciences/

conditions found in Switzerland, was crucial

in the development of a set of  recommen-

dations for mitigation which will shortly be

passed on to the authorities in charge of

fisheries in an effort to halt the spread of

PKD.
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Switzerland and EAWAG set international Standard for
Certification of Ecoelectricity

On June 27, 2001, approximately 40 experts

from Europe, USA, Canada and Japan met

in Zurich to discuss the future of environ-

mentally responsible hydroelectric power

generation. The main topic of the “Second

International Conference on Hydropower as

Green Electricity” was the development of a

credible and internationally equitable proce-

dure for the certification of “ecoelectricity”.

The delegates reached consensus that sim-

ple certification procedures, as they are cur-

rently used in various European countries,

will not be adequate in the long term. Since

these procedures simply set limits for how

much power can be produced or how long

a plant may be in operation, they largely

ignore local and regional impacts on stream

ecosystems.

The ecolabel “naturemade star”, developed

in Switzerland, proved to be a useful start-

ing point for a designation that is both

scientifically credible and applicable to the

real world. The basis for the certification

process under “naturemade star” is the

“green hydro” process that was developed

at EAWAG. The process has been proven to

be practicable in the case of several Swiss

hydroelectric power plants, as demon-

strated by a representative of EWZ, the

Electricity Power Plant of the City of Zurich.

According to the representative of the

“World Commission on Dams”, the Swiss

approach is suitable to become an “interna-

tional guideline for the certification of power

plants producing ecoelectricity”. All dele-

gates agreed that the parties present at the

assembly should continue to work together

closely and that the development of an

internationally accepted and equitable con-

cept for the certification of “green” energy

should be their top priority.

For more information, see Bratrich C., Truf-

fer B. (2001): Ökostrom-Zertifizierung für

Wasserkraftanlagen – Konzepte, Verfahren,

Kriterien. EAWAG Ökostrom Publikationen

6, 1–113.

www.hydropower.ch, www.naturemade.org

“Festival of Science“

The “Festival of Science”, sponsored jointly

by the University of Zurich and ETH-Zurich,

took place in the large hall of Zurich’s main

train station on May 4–12, 2001. The festi-

val was part of a larger event, organized by

the foundation “Science et Cité” and held 

at 10 different locations throughout Switzer-

land, with the goal of promoting dialogue

between scientists and the public.

EAWAG presented two projects: “Solar Dis-

infection of Water” (SODIS) and the “NoMix

Toilet”. Both the unusual toilet, which allows

the separate collection of urine, and the

astonishingly simple SODIS technology for

peared to be very interested in the oppor-

tunity to have direct conversations with the

researchers and to learn about EAWAG’s

activities in general. There was also consid-

erable interest in the pilot project “Round

Table”, in which EAWAG scientists and citi-

zens meet in regular discussions.

With approximately 100,000 visitors spend-

ing an average of 30 minutes each at the

festival, and intensive national media cover-

age, the first “Festival of Science” in Zurich

was a great success. 

For more information: 

www.eawag.ch/events/science_et_cite/

Second Meeting of Barges in Gersau

On July 7 and 8, the second barge meeting

took place near Gersau on Lake Lucerne.

André Steffen and Daniel Steiner from the

limnological research station in Kastanien-

baum represented EAWAG with a variety of

presentations on the topic of “Life Under

Water”. The two technicians guided the

guests through the exhibit and answered

many questions with great enthusiasm. A

short movie and several posters represent-

ed EAWAG and described its activities. In a

PowerPoint presentation, the audience was

taken into the world of phyto- and zoo-

plankton. The highlight, however, was the

microscopy room where young and old alike

could use stereomicrocopes to examine

water samples that had been freshly taken

New Editor

Martina Bauchrowitz is
editor of the EAWAG
news since March 2001. 

Please feel free to submit
questions or suggestions
any time via e-mail to 

martina.bauchrowitz@eawag.ch

from the lake just minutes before. In fact, it

was difficult to get a place at one of the

microscopes. In all, over 3000 guests were

drawn to the second barge meeting.

the disinfection of drinking water, attracted

a great number of visitors. The public ap-
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