Water, an Endangered Ecosystem;
Some Reflections on the Fiftieth Anniversary of EAWAG

Werner Stumm

Byproducts of our civilization threaten one of its vital re-
sources: clean water. The progressive interference by hu-
mans in hydrogeochemical cycles and new chemical pollu-
tants require better ecological insights, improved controf
strategies and new research on ecotoxicology and on the
coupling of water, land and atmosphere.

How are we to plan for the future?

How can we keep up with the stéadily increasing pres-
sures on our aquatic ecosystems and on the quality of our
subsurface water reservoirs? Historically, impairment of
- water quality has occurred in three succeeding, but partly
also overlapping phases (W.C. Clarke and C.S. Holling in
Global Change, T.F Malone and J.G. Roederer, eds., Cam-
bridge Univ. Press, Cambridge, 1984).

First phase: acute, localized pollutlon by sewage
and industrial wastes. : o

This kind of pollution created “unsanitary” conditions in
the receiving waters, imparted odor and taste, lead to
spreading of pathogenic organisms {water-borne di-
seases), created depletion of dissolved oxyaen, favored
saprobic “indicator" organisms, i.e. heterotrophic orga-
nisms responding o putrescible substances. Throughout
the world, engineers have been very successful in amelio-
rating this kind of problem. Although we will continue to
depend on more and more efficient sewage, waste and
water purification and disinfection treatment, we need to
apply our knowledge in a more integral way to entire water

Fig. .1 ’ . '
A poliutant entering the environment becomes distributed ~ ac-
cording to its substance specific properties, such as vapor pres-
sure, adsorbability, lipophility, Henry's coefficient - in the various
compartments of the environment. The atmosphere is a very im-
portant conveyor beit for many pollutants, of special ecological
refevance is fat-solubility, the lipophility of a substance; lipophilic
substances accumulale in organisms and the food-chain. Biode-
gradation and chemical or photochemical decomposition (indi-
cated by the wavy lines) decrease the residence time and the resi-
dual concentration of individual poliutants.

catchment areas and consider the interdependence of
water supply and waste disposal. Despite of being far
away from having solved all these problems, we realize
that this kind of localized pollution is largely amenable to
technological control.

-Second phase: pollution by synthetic chemicals

Discards of modern industrial society (synthetic chemi-
cals, mining products such as phosphates and heavy me-
tals and byproducts of energy production) are distributed
by various pathways into the environment and are inmany
instances perturbing aquatic ecosystems and occasion-
ally may even be harmful to human heaith. it has been es-
timated that ca. 40 000 chemicals are in daily use and that
this number increases by ca. 1000 substances every year.
Many industrial chemicals reach receiving waters indi-
rectly {via households, agricultural drainage, the atmo-
sphere). Some of these substances are refractory (i.e. not
biodegradable) and they progressively accumulate in
aguatic ecosystems because self-purification and biolo-
gical waste treatment are not very effective in eliminating
such chemicals. Furthermore, many of these chemicals
are introduced into the waters from non-point sources
{via atmosphere, or from agricultural drainage) (Fig. 1).

Almusphere' (...............4
"
0y £
L Y i
Surface f - Sgii et
Substa

nte A
Jrodal Water
poltulant © e AGuasols ‘\ 1
WDy
. '\ v
I d SR

Groundwaler

Seciment

= T

EAWAG-News 20/21 (1986) 1



Cultural evolution has been faster than natural evolution.
in industrialized nations, industrial activities have grown
faster than human population, agricultural production has
been intensified by application of fertilizers and pesti-
cides and energy production has increased exponentially.
Many of the synthetic chemicals which have been added
to the biosphere within the last decades bear little re-
semblance to the natural products of the biosphere. Be-
cause they are not readily biodegradable, many of these
chemicals survive long enough in the environment. Some
of these substances, even if they exhibit no acute toxicity,
may nevertheless impair the self-regulation of aquatic

ecosystems and damage their life support function,

others tend to become concentrated in organisms, some
may become harmful to human health.

The assessment of the potential ecological effects of pol-
lutants is of central importance. This cannot be accom-
plished by merely evaluating the harmfulness or the basis
of toxicity tests and by monitoring the environment for po-
lutants. Chemists and biologists are encouraged to parti-
cipate in the solution of ecotoxicological problems. We
need (1) the estimation — on the basis of physical-chemi-
- cal generalizations - of the fate, the distribution, the po-
tential for bicaccumulation in the food chain, and the ap-
proximate residence time of pollutants and thus the at-
tainable residuat concentrations in the environment; and
(2) a better understanding of the impact of such subs-
tances on the functioning of ecosystems.

Third generation problem: interference in
hydrogeochemical cycles.

Man in his social and cultural evolution continues to be
successful in diverting energy to the advancement of his
own civilization. Receiving waters reflect not solely the ac-
tivities within their drainage area, but also the impact of
emissions carried over large distances through the at-
mosphere. The rapid changes that have been observed in
the last decades in chemical and biological properties of

many coastal and fresh waters reflect-the human influ- -

ence on the environment. The burning of fossil fuels pro-
duces a variety of gaseous carbon, nitrogen, hydrogen
and sulfur compounds and compounds of heavy metals.
The oxides of nitrogen and sulfur can become converted
into nitric acid and sulfuric acid which come down as acid
rain, Of special concern here are substances that are dis-
persed over large distances and may adversely affect the
gcology of natural waters. The dispersion of metals to the
atmosphere as a consequence of industrial and agricultu-
ral activity appears to rival and semetimes to exceed natu-
ral mobilizations,

The water cycle is intimately connected to biogeochemi-
cal cycles. Humans have become more and mare geoche-
mical manipulators and agenis of global change. Man has
become a major force in the transport of solid earth mate-
rials and his chemical byproducts are changing the hy-
drosphere and atmosphere. The change on our planet in-
volves a complex interaction between ihe inorganic phy-
sical processes and the biclogical processes. Although
we depend on human intervention in the water cycle to
provide adequate supplies for agriculture and peaple we
are often not sufficiently aware of some of the negative ef-
fects that mammoth water diversion has on ecosystems.
- The conseguences may often not be apparent for some
time, and cause and effect may be displaced by huge dis-
tances. identifying specific sources or causes may often
be very difficult.

As has been pointed out by Clarke and Holling “We are
moving beyond an age of acute localized, and relatively

simple environmental problems reversible at economical-
ly measurable costs and politically realistic time and
space scales. We are moving into a period of chronie, glo-
bal, and extremely compiex syndromes of ecological and
economic interdependence”. Despite intensive research,
we understand only partially how chemical pollutants
move among atmosphere, land and water and what
changes they undergo in theirtransport. There is a degree
of urgency o better understand the basic interactive pro-
cesses that lead to a change of our environment. We need
the collaboration of all scientific disciplines. '

The sensitivity of aquatic ecosystems to perturbation

I Fig. 2 the sizes of the various reservoirs, measured in
number of molecules or atoms, are compared. The mean
residence times of these molecules in these reservoirs
{years) are also indicated. The smaller the relative reser-
voir size and the smaller the residence time, the more sen-
sitive is the reservoir towards perturbation. Gbviously, at-
mosphere, living biomass {mostly forests), ground and
surface fresh waters as reservoirs are most sensitive to
perturbation. The anthropogenic exploitation of the larger
sedimentary organic carbon reservoir {fossil fuels and by-
products of their combustion, i.e. oxides, heavy metals,
and the synthetic chemical, derived from organic carbon)
can above all affect the small reservoirs. Over the past
years we have started to recognize that biosphere pro-
cesses play an important role in coupling the cycles of es-
sential elemenis and in regulating the chemistry and

Fig. 2 ‘

Size of reservoirs. The comparison illustrates that the reservoirs
atmosphere, surface fresh waters and living biomass (mostly fo-
rests) are significantly smaller than the sedimentary reservoirs of
the oceans. Exploitation of sedimentary {fassile) érganic carbon:
its oxidation together with N and § and the concomitant release of
heavy metals can perfurb the atmosphere (COg and acid rain) and
influence terresirial and aquatic ecosystems (data mostly from
R.M. Garrels and E.A. Perry, in The Sea, E.D. Goldberg, ed. Wiley-
Interscience, New York, 1974). The total groundwater reservoir
may be two times that of the freshwater resevoir. But the quantity
that is readily accessible is smaller than that of fresh surface
water,
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physics of our environment. The living biomass (Fig. 1) isa
relatively small reservoir and thus subject to man’s inter-
ference; each species forming the biosphere requires
specific environmental conditions for sustenance and
survival. .

impairment of ecological quality of a water is not syno-
nymous with the addition of contaminants or poliutants to
the environment, but can also result from many direct or
indirect consequences of human aclion, Damming or di-
versing of rivers, deepening of channels to accomodate
ships, modification of shorelines, reduction of runoff,
amelioration of swamps and marshes, diking and filling of
wetlands, all change the dynamics of biotic communities.

Some new priority research proiecfs at EAWAG

In response to some of the reflections given, the collabo-
rators of EAWAG have decided to amplify their priority re-
search endeavors above all in two directions:

1. Ecotoxicology

Fig. 3 iHlustrates synoptically the reaims and perspectives
of aquatic ecotoxicology. Let us follow the various steps
from the source to the potential ecological effects of apol-
lutant released into an aguatic ecosystem. The immission
(immission gives the input load) is measured as a flow or
load {capacity factor; mass per unit time or mass per unit
time and volume or area). The resuilting concentration is
a consequence of diiution, transport, and transformation
of this chemical. At any point, the water condition is cha-
racterized by the entity of interacting physical, chemical,
and biological factors.

These variables, above all the concentrations, determine
causally the doses (concentration X time) an organism or
an ecosystem will receive and thus, in turn, the type of
community or organisms present in the ecosystemn (W,
© Stumm, R.Schwarzenbach and L. Sigg, From environ-
mental analytical chemistry to ecotoxicology - A plea for
more concepts and less monitoring and testing, Ange-
wandte Chemieg, Int. ed. Engl 22, 380-389, 1983}, Thus, for
an assessment of the exposure and an evaluation of the
ecological and hygienic risk, we need to know the residual
concentrations of pollutants. An estimate of the ambient
concentration of a poliutant based on a prediction of its
relevant fate and residence time (considering relevant
pathways, exchange processes, biological and chemical
conversions), or on the basis of anaiytical determinations
in the receiving waters, is essential to any hazard assess-
ment. '

Fig. 3

EAWAG's funciion as a “Waler Institute” is also to investigate at-
maospheric and terrestrial emissions which are released into the
waters.

The toxic effect

The ecological harmfulness-of a substance depends onits
interaction with organisms or with entire communities of
organisms {Fig. 3). The intensity of this interaction de-
pends on the specific structure and on the activity of the
substance under consideration; but other factors such as
temperature, turbulence, and the presence of other sub-
stances are also important. A thourough knowledge of the
basic mechanisms by which toxic agents exert their in~ -
jurious effects (pharmacokinetics, uptake, conversion,
degradation, separation, and disturbance of regulatory
mechanisms in the biolegical community) is fundamental
for an understanding of biological responses.

An understanding of the interaction of chemical com-
pounds in the natural system, thatis the mode of their par-
ticipation in various processes, hinges on the recognition
of the compaositional complexity of the environment. This
requires an adequate analvltic methodology, especially
the ability to detect individual components {chemical spe-
cies) selectively and to measure them accurately and with
the greatest sensitivity.

Sociobiological effects

While we have some knowledge about the impact of xeno-
biotic substances on individual organisms, we know less
about their impact on ecosystems. In considering biologi-
cal communities (the biocenoses), various intra- and in-
ter-species interactions of a sociobiciogica! nature {(e.g.
chemaotaxis and chemoreception) have to be taken into
account. .

The natural distribution of organisms depends primarily
on their ability to compete under given conditions and not
merely on their ability {o survive the physical and chemi-
cal environment: a population will be eliminated when its
competitive power is reduced to such an extent thatit can
be replaced by another species. The competitive abilities
of an organism are an interplay of its reproductive rates
which are related to food and physiological potential, and
the moriality rates from all sources, including predation
and imposed toxicity. There are many ways in which an or-

ganism can die, but there Is only a verynarrow range of * -

ways in which it can survive and leave offspring. Thus, in
an ecosystem, a population may be eliminated by the
presence of pollutants even al apparently trivial toxicity
levels if its competitive ability is marginal, orif it isthe most
sensitive of the competitors. Often, contaminants at very
low concentrations cause changes in the structure of the
population by interfering through chemotaxis with inter-
organismic communication. For example, the survival ofa
fish population may be rendered impossible by a pollutant
{even if it exhibits neither acute nor chronic toxicity to the
particular species of fish) if it impairs the food source
{zooplankion) or disturbs chemotactical stimuli or mi-
micks wrong signals (and thus, for example, interferes
with food finding).

2. Coupling of land, water and atmosphere

Figs. 1 and 2 suggest that water as an ecosystem shouid
no longer be considered independent of the material
fiuxes and cycles that couple land, water and atmosphere.
As is also illustrated by the Chernobyl accident, the at-
mosphere is a powerful conveyor belt for many organic
poliutants that uitimately find their way into aguatic eco-
systems. Al present, the open ocean and many lakes are
more affected by pollution impacts of some metals
through tropospheric transport than through riverine
transporti.

The chemists at FAWAG have been concentrating sofarin
analyzing and interpreting the inorganic and organic com-
position of atmospheric depositicns (rain, fog, snow, aero-
sols and gases) emphasizing the processes ocourring in
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the gaswater transfers and in the acid-base neutralization
reactions. We also plan to extend some of our aquatic che-
mical research on oxidation by ozone, hydrogen pero-
xide, hydroxyl radicals, on photo-induced reactions, etc.,
to processes ocecurring in Ihe atmospheric water phase
and its interface.

We have also started a research collaboration called
“WaBolL.u” (acronym for the German words Water, Soil and
Alr} with various institutes of the Swiss Federal Institute of

Technology (ETHZ) (Laboratory for Atmospheric Physics,
Laboratory for Solid State Physics, Laboratories of Soil
Chemistry and Soil Physics).

While EAWAG remains a "water institute” (Fig. 3), we feel
that we are well equipped to extend our know-how in
water chemistry, our competence in inorganic and organ-
ic analysis and pur understanding of oxidation mecha-
nisms and kinetics to atmospheric chemistry.

Organizational chart of the Swiss Federal Institute for Water Resources and Water Pollutmn Control
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Southern view of EAWAG's head-
quarters at Duebendorf (northeast of
Zurich). Duebendorf will be connect-
ed to Zurich by a second train line cur-
rently under construction {behind the
building). On the left is the rivulef
Chriesbach which flows directly into
the Glatt, EAWAG's river of many pro-
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Heinz Ambiihi
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Werner Stumm
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*

Peter Santschi
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Kerry Kelts
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Participants of the sixth postgraduate course in Sanitary
Engineering and Water Pollution Control (offered by the
Institute for Water Pollution Control, IGW, and the Institute
for Hydraulics and Water Resources Management HHW, of
the ETHZ)

From left to right, front row: Dimitris Babalis, Eleni Gianno-
poulou, Eva Warnicki, Andreas Schwager, Alex Borer, Tho-
mas Stauss,; second row: Gregor Vogel, Dr. Thomas Strii-
bin, Dariusz Gorezyca, Peter Krebs, Peter Baumann; third
row: Stefan Drenkard, Felix Rutz, Pau! Morgenthaler.

. Experimental Station and
Workshop
_ Hans Burkhalter

" International Reference
Center for Waste Disposal
Roland Schertenleib

Administration
Rolf Kern
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* Mead of associate department is a position which changes
every second year among René Gachter (Bioioqy), Dieter Imbo-
den (Physics) and René Schwarzenbach (Chemistry) 1985-1987:
René Schwarzenbach.

The workshop on «Aquatic Sur-
face Chemistry; Chemical Pro-
cesses at the Particle Water In-
terface» took place at the Wolfs-
berg Conference Center on Lake
Constance, Switzerland, from Ja-
nuary 22 to 25, 1986. Most of the
program " presented in
EAWAG-News 18/19 and a few .
new articles will appear early
1987 in a book printed by Wiley-
Interscience, New York.
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Isolation of a Variety of Nitrilotriacetate-Degrading Aerobic Bacteria

Thomas Egli

Because phosphate is the growth-limiting nutrient for
primary production of biomass in most aquatic ecosys-
tems the extensive use of phosphates in washing powder
and agricultural fertilizers has led to wide-spread eutro-
phication in lakes and rivers. To reduce the load of phos-

. phate discharges to surface waters, legisiation has been.

-enacted in Switzerland and trisodium polyphosphates will
be banned from washing powders with effect from July
1986. The main substitute for these phosphates will be ni-
trilotriacetic acid (NTA). '

The biodegradation of NTA in the environment and in was-
tewater treatment plants has been studied extensively
{for reviews see [1] and [2]). However, few reports have
been published on the microbes involved in NTA-break-
down and the metabolism of this xenobiotic compound. To
date only three bacteria have been isolated and studied in

pure culture. They appeared to be physioiogically identi- .

cal and have been assigned io the genus of Pseudomo-

nads [3, 4, 5]. In the two strains investigated the initial at-

tack of NTA is catalysed by an enzyme requiring oxygen

and NADH, NTA-monocoxygenase (NTA-MO), which splits
NTA to vield iminodiacetate {IDA} and glyoxylate:

02 HZG
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Fig. 1

Meorphology of NTA-utilizing bacteria.

a) Isolate TE 1; bj Isolate Tk 3; c} Isolate TE 9; d) Isolate TE 8, e) Iso-
late TE 10.

(Electron micrographs were taken by Dr. E. Wehrii from the «La-
bor fiir Elektronenmikroskople», ETH Ziirich.) -
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it is postulated that the same enzyme is also responsible
for the further breakdown of IDA to glycine and giyoxylaie.
The available information suggests that probably only a
small group of speciailized bacteria are able to degrade
NTA and that the degradation is dependent on the pres-
ence of oxygen.

Isclation and characterization of new strains

By emploving a different isolation strategy than was used
previousiy, namely by setting up enrichment cultures with
NTA as the sole nitrogen source and a mixture of glucose/
acetate/methanol as carbon sources, several strains {TE
1-10) of non-pseudomonads were isolated in pure culture
from both soil and wastewater. All the new isolates were
able to grow with NTA as their sole source of carbon and
nitrogen. The isolates have been characterized with re-
spect.to their cell morphology and physiclogy and were.
compared with the two reference slrains-Pseudomonas
sp. 27109 and 29600 ({from the American Type Culture Col-
lection}. Some of the physiological properties of isclates
and reference strains are shown in Tab. 1. Based on those

- results the microbes were tentatively divided into five dif-

ferent groups: :

1} isolates TE 1 and 2 are short, Gram-negative rods
which during exponential growth occur mostly as pairs
(Fig. 1a}. They are nonmotile and did not grow on any of the
sugars tested. Both strains are physiclogically and mor-
phologically identical, except for the mucous appearance
of TE 1 on Plate Count Agar plates. Amino acids and short
chain alcohols and acids are preferentially utilized as
carbon sources.

2} Isolate TE3isa Gram-positive, nonmotile rod which is
able to degrade cellulose. The cells often show birth scars
on their cell wall. Because dividing cells frequently do not
separate completely V-formation typical for coryneform




Tab. 1 Characterization of NTA-utilizing bacteria

where + is indicating growth {(—: no growth) on the substrate or presence (~—; absence} of enzyme activity
Strain s | TE3 | TE4 TE1 | JES TE6 TES PS27109 PS29600 TEQ
Gram reaction - + —- — - - - - - —
Growth on C, compounds - — - - + + e + + +
s I I R
Presence of Urease + + - — - — - - + +
Growth with Raffinose - - - - + - — - + -
Growth with Butyrate - - + - + + + + - +
Geiatine‘fiquification _ . - - o+ - + + + + - —

baéteria is observed (Fig. ib).This isolate was identified as
a Celiulomonas sp. on the basis of its morphoiogy and
substrate utlisation pattern.

3) The two Gram-negative isolates TE 4 and 10 are
grouped together because of their inability to grow on me-
thylated amines. Morphologically the strains differ with
respect to their flagellar arrangement. Strain TE 4 is motile
by several probably peritrichously arranged flagellaandis
morphologically identical to strain TE 8 (Fig. 1d), whereas
strain TE 10 shows one single polar flagellum (Fig. 1e).

4) Thefour Gram-negative isolates TE 5-8 and the two re-
ference strains Pseudomonas sp 27109 and 29600 are
capable of growth on methylated amines, hence must be
able to synthesize Cz-compounds for biosynthetic pur-
poses via a C-assimilation pathway. Morphologically,
these bacteria do not differ significantly from strain TE 8
shown in Fig. 1d. All strains are motile by several, probably
peritrichous flageila.

5} Although also able to grow on methylated amines, isol-
ate TE 9 differs morphologically considerably {rom the
bacteria in the previous group. This isolate is bean-
shaped and motile by one or two lateral flagella (Fig. 1c).

Except for the Gram-positive strain, the data collected so.
far do not allow classification of the strains isolated and
the taxonomic position of the 9 new isolates, as well as the
two reference strains, remains obscure. Properties like
growth on C; compounds, production of acetoin and non-
motility clearly indicate that these strains do not belong to
the genus of Pseudomonads.

Presence of NTA-MO in the new isolates

Envestlgatxons on celi-free extracts of NTA-grown cells
showed that in all strains the initial attack on NTA is cata-
_ lyzed by a monooxygenase (Tab. 2): the results indicate
that NTA-MO is a flavin adenine dinucleotide (FAD}-con-
taining enzyme. Except for Pseudomonas sp, 29600, NTA-
MO activity was detected only # FAD was included in the
assay as published previously [3,5]. This suggests that

FAD is bound to NTA-MO only loosely and is easily lost
during cell breakage. It further explains why attemnpts to
purify NTA-MO from Pseudomonas sp. 29600 were not
successful [6]. These authors reported the loss of catalyt-
ic activity of NTA-MO during the isolation procedure.

Conclusions and future work

The resuits show that the ability to utilize NTA is not, as
previously thoughi, restricted to a small group of specia-
lists, but is common to a variety of physiologically and
morphologically quite different bacteria.

The uniform presence of NTA-MO and its requirementis for
NADH, Mn2* and FAD indicates that in all these bacteria
the metabolism of NTA does proceed via an identical me-
{abolic pathway.

Future work will be directed to the elucidation of the com-
plete metabolic pathway for NTA, including the transport
of NTA into the cell and the purification of key enzymes.
Once the relevant enzymes are established their regula-
tion under growth conditions as they occur in nature and
wastewater freatment plants, e.g. pulse addition of NTA or
the influence of aliernative carbon and/or nitrogen
sources, will be investigated. '
Additionally, the metabolism of NTA in the absence of oxy-
gen will be studied using 2 recently enriched culture
which is able te degrade NTA under denifrifying (anoxic)
conditions [7].

Tab. 2
NTA-Monooxygenase activity in cell-free extracts of NTA-
grown ceils.

Strain . a) +FAD
Pseudomonas sp 29600 + ++
Pseudomonas sp. 27109 — +
fsolates TE 1-10 - +

a) Enzyme assay according to [6} contammg NADH, Mn2*, 02
and Tris. HCl-buffer.
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trilotriacetic Acid (NTA). Canadian Joumal of Micro- titute of Biotechnology, ETHZ) in
biology, 17, 1553 (1971). 1980, he worked for 12 yearsas a
[5] M.K. Firestone & J.M. Tiedje, Pathway of Degradation Senior Research Fellow in the
of Nitrilotriacetate by a Pseudomonas species, Me- Microbiological Departement of
chanism of Reaction, Applied and Environmental Mi- Sheffield University (U.K). His
crobiology, 35, 955 (1978). special interest is Microbial Phy-
i8] M.K. Firestone, ST Aust, J M. Tiedje, A Nitnlotrlacetlc siology. After joining EAWAG in
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Voltammetric methods for expedient determination of surface complex formation with
metal ions

Maria de Lurdes Sim&es Gongalves®, Laura Sigg, Max Reutlinger and Werner Stumm

Voltammetric techniques (differential pulse polarography, 1) No centrifugation or membrane filtration is necessary
DPP anodic stripping voltammetry, ASV, and differential {phase separations by either technique ofien give rise to
pulse anodic stripping voltammetry, DPASV) are capable artifacts partially because of incompilete phase separa-
of distinguishing - without recourse to filtration or ceniri- tion, effects by charged colloids and by lysis of biclogical
fugation - between dissolved and particulate metal con- cells).

centrations {Pb, Zn, Cu, Cd}. Colloids of FeOOH, MnO,, 2) Very small concentrations of metal ions, i. €., concen-
$Si0, and of bacteria have no effect on the electrode- trations lower than-those which can be measured by ion
kinetic measurement; i. e, metal ions adsorbed or bound selective electrodes, can be used in these experiments.
to surfaces of colloids or particles are non-labile {low ~ 3) The electrode-kinetic response can aid in the identifi-
mass transfer to the electrode surface and slow dissocia-~ cation of the species and in many circumstances in the
tion) [1, 2]- detection of labile or non-labile solute complex formers.

The voltammetric techmque is especially useful for the
following reasons:
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! . Pby=2107% ., = sediment conc. 45 mg/|
TN FOBIE" TN Pbl. =2:106 M
. 4 2 ~ \v T
@ N
0.2~ < 2 %8 & N
ENRS Pb (Il only Y NN v Pb(ll) only
= sy AN X ‘
[a o \ Sy ° .
b - NN\ V\\ A
jpand fpnd \\ hY o A V\A
b = \ N AN
E ooib b T
3 Pb(l) in 3 \, & ~Pb(ll) in presence of
= presence of = °e natural sediment suspension
@ goethite susp. & F{ AN )
e
\\ ~a
0 ! 1 | - 0 ! ! I i fen A
3 5 7 9p 3 ) 7 9 pH
Fig. 1
. . . . L Pb{il} - adsorption on a goethile suspension {a) and on a natural
Centro de Quimica Estrutural, Instituto Superior Técnico, sediment suspension (b); the residual Pb(llj in solution is given by
1096 Lisboa, Portugal the voltammelric peak current. ,
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Voltammetric measurements in the presence of
particles

Using voltammetric techniques, the adsorption of Pb{li) on
a natural sediment suspension is compared with thatona
. goethite {a-FeOOH) suspension; a similar pH-depen-
dence of the binding on these different.suspensions is
observed (Fig. 1).

Fig. 1a shows a representative curve of residual labile
Pb(ll} as measured by ASV peak current in presence and
absence of the model colloid goethite. The binding of
PBL{Ih to the goethite surface, increasing with increasing
pH, is reflected by a decrease in the peak currentip; inthe
absence of goethite, adsorption of Pb{ll) on the glass wall
occurs (as determined by atomic absorption measure-
ments) at higher pH values. This adsorption on the glass
wall coincides with the tendency of Pb{ll) to form hydroxo
complexes {and their polymers) as is evidenced by a shift
in the peak potential,

Fig. 1b shows the same kind of measurements of Pb(ll) in
the presence of partially organic lake sediments. The ex-
tent of surface complex formation, and its pH depen-
dence can be read off these curves.

Voltammetric methods allow in principle a dustmctton bet-
ween metal ions in labile species (aguo ions, inorganic
complexes etc.), nan-labile species (e.g. strong organic
complexes, which may be reduced at more negative po-
tentials) and surface-bound metal ions.

20 T | T T
{x10) DPP: pH=7.25; NTA+SiOp
1.8 / —
) .
6l 180x1075m / a
NTA+Si0 B

@ Ep=-348mV
O Ep=-8i6mY

IO @ WY o VRN

peak current ip (pA}

proportional
to NTA

P |
40 50 60
x1073 M Pb(I) added

Fig. 2

Addition of Pb{ll) to a suspension of S/0; in the presence of NTA.
(Peak current measured at -348 mV proportional fo [Ph2]; at
- 816 mV proportional to [PHNTAT]).

Fig. 2 illustrates a titrationi curve where Pb{ll) is added to a
suspension of Si0, in the presence of nitrilotriacetate
(NTA). By measuring the DPP peak currents at different
potentials as a function of [Pb(ll)] added (at constant pH),
it is possible to evaluate both the capacity of the Si0, sur-
face, and of NTA respectively, to bind Ph{ll).

% 100
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09 mca?

i baclerial surface
(8
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Fig. 3

Titration curves of bacterial celfs Klebsiella pneumoniae (washed
and treated with formaldehyde, 5.95 mg/l; dry weight) with Zn{ll},
where peak current (DPP) {proportional to residual labile Zn(il) in
solution} is plotted versus [Zn(li)] added at various pH values. The
inset filustrates the pH dependence of Zn{il}-binding to bacterial
cell surfaces.

Binding of metal ions to bacterial surfaces .

The interactions of metal ions with biclogicai surfaces are
important for their fate and transport in the aguatic envi-
ronment. In order to estimate the role of biological sur-
faces as carriers of metal ions, simple chemical models
may describe these interactions. Voltammetric methods
were used in order to evaluate the binding of metal ions to
bacterial cells [3]. The binding of metal ions to the cell sur-
faces may be treated as a2 pH and concentration depend-
ent surface reaction. These experiments show a high af-
finity of the cell surfaces for the metal ions, especially for
Culiy.

Fig. 3 illustrates the binding of Zn{ll} to the surfaces of
bacterial cells (Klebsiella pneumoniae). With increasing
pH, the capacity of the cell surfaces to bind Zn(lf} is in-
creased. In the presence of Ca?* (10-% M) less Zn{ll) be-
comes tied up because of competition by the large excess
of Ca?*over Zn(il).

in the same bacterial suspension, Cu(l}) forms compilexes -
with the cell surfaces and with exudates released into so-
iution by the microorganisms (Fig. 4).

With increasing pH, Cu{ll) becomes better bound to the
various functional groups of the cell surface. The extent of
binding of Cu{ll) by the cell surfaces is reflected by a de-
crease in peak current {in comparison to a Cu(ll) solution
in the absence of bacteria). The decrease in peak current,
augmenting with increasing pH, is accompanied by a shift,
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in the negative direction, of the peak potential. This indi-
cates that soluble complexes.are formedin additionto the
surface complexes.

The extent of surface binding of metai ions on hydrous
oxide surfaces or biological cell surfaces may be genera-
lized by mass law equations, e. g., in case of bacterial sur-
taces, at pH values of natural waters:

=8H- + Cu?*t ==3Cu* + H* Kseu {1}

where S designates a (deprotonated} bidentate surface
chelating site, such as

0 0 0
& & & -
C C C CHy ~5
RI \O_ R\/ \O__ R: \O_ : . -
“NHa =0 - 0" ““NH2
G‘ -
its acid-base properties are characterized by
=8H, ¥ =8H" + H* Ky 2
=GH- = =82 + H* Kaz )

Different functional groups (e. g. carboxyl, amino, or sulfur

groups) exist on bacterial surfaces, which would give dif-
ferent stability constanis with metal ions. Kgg, of egn. (1)
represents thus an average stability constant of a mixture
of surface chelating sites. The values of Ky, measured
under different conditions vary with the extent of Cu(li}-
binding of the surface, since Culll) is tied up first with the
surface chelate sites that have the highest affinity and
then sequentially with other sites that have a progressive-
'iy decreasing affinity for Cu(ll} [4.5].

Conc!usnons

Voltammetric techniques aliow a direct measuremeni of
metal ions in solution in the presence of particlie suspen-
sions. They represent thus useful methods for the evalua-

[1] Piavsic, M., Kozar, S., Krznaric, D, Bilinsky, H. and Bra-
nica, M., Mar. Chem. 8, 175, 1980

" [2] SimoesiGongalves, ML, Sigg, L. and Stumm, W,, Enwv.
Sci. Techn. 79, 141, 1985

[3] SimoesiGongalves, M.L., Sigg, L., Reutlinger, M. and
Stumm, W., Sci Tot. Env, 1986 -

tion of the interactions of metal ions with different kinds
of paricles, including inorganic model colloids as well as
biological particles and natural sediment particles,
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Fig. ¢4

interpretation of differential puise anodic stripping voltammetry
{DPASV) measurements'of Cu(ll) in the presence of bacterial cells
([Cu(lhiz] = 10-7M, 5.95 my cells/l; dry weight; cells washed and
treated with formaldehyde}. Cuflf) bound to the cell surface is de-
termined from the decrease of Cu(ll} in solution (proportional to
the peak current) (Fig. 4a). The extent of Cu(ll) binding to the dis-
solved exudate is obtained from the shift in peak potential (Fig.
4b). Fig. 4c gives the sum of Cu(ll) bound to the cell surface and to
the exudale.

[4] Butffle [, in «Aquatic Surface Chemistry», Stumm W,
Ed., (1987), in press.

[5] Gamble D.8,, Underdown, AW, and Langford C.H,
Anal. Chem., 52, 1901, 1880

The Chessboard - A Model for Two-Dimensional Distributions of Interface Species

Bernhard Wehrli, Erich Wieland

EAWAG-News 20/21 {(1986)

1. Surface controlled geochemical reactions

important geochemical processes like dissolution and
nucleation are driven by surface controlled chemical
reactions at the solid-aqueous interface. In most cases
the change in the coordination sphere of dissolving or
precipitating ions and not the transport processes invol-
ved determine the reaction rate. Recent kinetic studies on
oxide dissolution [1], heterogeneous nucleation [2] and

- oxidation of adsorbed Mn(ll) [3] were interpreted usingra-

te laws solely dependent on surface concentration para-
meters. Furrer.and Stumm [1] have suggested that the
acid promoted dissolution of oxides is controlled by the
formation of an active metal site with 2 or 3 nearest neigh-
bor protons. As it happens very often in kinetics, the reac-
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Fig. 1a
The chessboard model of an oxide surface establishes simple

nearest neighbor relations between metal sites M and surface OH

groups.

tive intermediates are not accessible to direct analytical
determination. Here we propose a very simple geometri-
cal model to estimate the surface concentration of such
. rate deiermining species.

2, The Chesshoard Model

To make the two-dimensional distribution of surface pro-
tons a tractable problem of lattice statistics we arrange
the surface hydroxyl groups and metal sites of an oxide in

a chessboard geometry (Fig. 1). Let the metal centres be

placed on the «white» chessboard fields and the hydroxyl
groups on the «black» squares. If the hydroxyl species are
allowed to be protonated or uncharged, then we may di-
stinguish five different types of metal sites (A,B,C,D,E) ac-
cording to the number n of nearest neighbor excess pro-
tons (n=0,1,2,3,4). The fraction of protonated OH groups
is defined by

On =C§S_§/5 1

with ¢S and S as the surface proton concentration and the
total concentration of surface sites inmoles- m™?, respec-
tively. If we assume that the protons are randomly distri-
buted among the hydroxyl groups («random mixing condi-
tion», [4]) then the fractions G; (i= A,B,C,D,E) of metal sites
can be derived from probability theory: the probabilily of
finding a specific OH group in the protonated or un-
charged state is @y or {1-Oy), respectively. Therefore the
fraction @, of metal sites surrounded by n protons and
{4-n) uncharged OH group is
RT3 SRR PR C ot )

O = rgammr On (TG -2
This equation is in agreement with a simple Monte-Carlo
[7] simulation of the chessboard model (Fig. 2). For low

proton coverage (Oy = 0.15) and n 2 2 we may use the ap-
proximation

o~ (7)o 3

Fig. 1b :

Types of metal centers, Within a binary mixture of protonated
{biack) and uncharged (hatched} OH-groups five types of metal
centers {A,B,C,D,E} exist according to the number of nearest
neighbor protens (0,1,2,3,4).

o,

Fig. 2

Distribution of the five different melal sites as a function of sur-
face protonation @y. Lines: Calculated, using Eq. 2. Dots: Resuits
of Monte-Carfo simulations.

Electrostatic interactions wili madify the two-dimensional
distribution toward lower configurational entropy. An as-
sessment of this effect by a pairwise interaction model
(«quasi-chemical approximation» [4]} showed that the re-
lative fractions of species C,D and E are shifted to lower
values, but the qualitative behavior of the model remains
unchanged.
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3. Appiication to the dissolution of oxides

The dissolution of 0-Al,O5 [1] follows the rate law:

Ry = kexp (Cf;)a 4

with By as the acid promoted dissolution rate. This rate
law suggests that sites of type D (Fig. 1b) act as precursors
of the rate-limiting step. With the basic assumption thatan
equilibrium between precursors and critically activated
«dissolving» sites exists we may apply the transition state
theory [5]:

Rﬂzf'K¢'CD S

- f: decay frequency of an activated site (=kT/h), [s~1]

f=6-10"satT=300"K
o surface concentration of precursor D, fmoles - m~?]
K : constant for the equilibrium between precursorand
critically activated site, [~]

The equation holds in this form for activity coefficients

close o unity. N

in principle the constant K™ may be estimated from expe-

rimental data from the Gibbs free energy of activation,

AGT:

InK¥ = ~ AG*/RT 6

Unfortunately the activation energy for the dissolution of
b-Al, Qg has not been measured, therefore we confine our-
selves to a qualitative treatment. For an oxide with the mo-
le fraction x, of active sites (step-, kink-, edge-sites) the
chessboard model predicts the following surface concen-
tration of the precursor D;

sy - tx. 4803
CD“XA CB*XA 445 GH . 7

Here we have applied the low proton density approxima-
tion (Eq. 3). The surface protonation of 5-Al04 does not
exceed a maximum value of ©y = 0.15. Combining Eq. 1,5
and 7 we arrive to:

Ry= 4 - Kx 52 (c8)° 8

Treating the product K™ - x, as an adjustable parameter
vields a perfect fit o experimental dissolution rates (Fig.
3).

4, Discussion

In order to apply the «chessboard model» to the wide va-
riety of mineral surfaces we need to be aware of the mo-
dei's basic assumptions and the possible extensions.

a} Our model describes a truly two-dimensional en-
semble of uniform sites. Real-world oxide surfaces how-
ever are not strictly two-dimensional. There is a general
agreement, that the dissolution proceeds chiefly at step-,

kink-, and edge-sites. Recent research presents evidence

that the number of these active sites may be related to the
fractal dimension of a surface [6]. If the mole fraction x, of

active sites to total sites is determinable we may easily -

include this parameter in a lattice statistical description,
since X, represents the general probability of a site to be
found in an active conformation. A similar approach is
possible in the case of layer silicates like kaolinite. Here
the dissolution process occurs at distinguished faces of a
crystal and consequently the model parameters S, 9 etc.
have to be evaluated relalive {o these reactive faces.

_5_%\ ‘

[ e

-B

5
10 i : , , fog ¢}

Fig. 3

Chesshoard model applied lo the dissolution of 5-Al04. Lines
calculated with £q. 2. The concentration of the {otal surface sites
is S =177 -10"% moles " m2. Dots: Concentrations of sites D de-

rived from experimenial dissolution rates [1] using Eq. 8. The ad-
justable parameter K - X, takes a vajue of 9 - 10775,

bond dissociation energy

E}g% [weat moles“ll

280
200
_SEOZ
150
: 5 Mu.scovite
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Al
e 20y
100+ a0
s PH 3
50— o PHS
0 I I |
-7 -B -g -10 log R,
{moles m_zh-l}
Fig. 4

Proton promoted dissolution rates Ry for various oxides and sili-
cates vs. the bond strenath, DSqg, of diatomic molecules.

b) The powernin Eq. 2 or 3, respectively, is equivalent to
the number of nearest protons in the conformation of a
precursor. In the case of 5-Al,O, the dissolution rate is
proportional to (cﬁ)a (Eqg. 4) and in the case of BeQ it
is proportional to (¢S} [1]; this corresponds to a mechan-
ism in which sites of type D {3 neighboring protons) or
sites of type C (2 neighboring protons) act as precursors
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of the activated complex. With the objective to extend our
understanding of dissolution processes to other oxides
and silicates it is of further interest to know whether or not
the number of protons promoting the rate limiting step is
influenced by factors such as the valency of the metal
centre, the structure of the crystal lattice or the bond
energy. - '

c) Anotherlimit to a merely statistical treatment of disso-
lution processes is set by the fact that in dissimilar mine-
rals different chemical bonds are broken in the rate limit-
ing step. Among oxides with similar surface charge pro-
periies and a corresponding dissolution mechanism one
should ohserve a correlation between bond energy and
reaction rate {Fig. 4).

Outlook

The simple geometry of the «chessboard model» allows a

straightforward application of the well developed meth- .

. ods of {attice statistics. It offers a possibility to treat differ-
ent surface controlled processes such as dissolution or
reactions between adsorbed species within the same
concept.

We hope that the improved understanding of the smolecu-
lar steps» in geochemical dissolution processes will help
in the research of such impoertant fields as the acidifica-
tion of soils and the increase in weathering rates through
acid deposition.

[1] Furrer, G., Stumm, W, «The role of surface coordina-
tion In the dissolution of d-Al;O5 in dilute acids», Chi-
mia 37, 383 (1983)

121 -Sweboda-Colberg, N.G., «The role of specific adsorp-
tion in heterogeous nucleation», £xt. Abstr. Nat. Meet.
Amer. Chem. Soc. 25 (2), 337 (1985)

[3] Davies, S.H.R,, «Mn{ll) oxidation in the presence of
metal oxides», PhE). Thesis Cal. Tech. (1985}

[4] Hill, TL. «ntroduction to Statistical Thermodynam-
ics», Addison Wesley (1960), (387, 252}

[6] Lasaga, A.C., in «Kinetics of Geochemical Processes»
{(eds. A.C. Lasaga and R.8. Kirkpatrick), Mineral. Sac.
Amer. Rev. in Mineralogy 8, 135 (1881).

[61 Avnir, D., Farin, D., Pfeifer, B, «Burface geometric irre-
gularity of particulate materials: The fractal ap-
proach», J. Coll. Interf. Sci. 7103, 112 (1985}

[7] Schmitz, N, Lehmann, £, «Monte-Carlo-Methodens,
Meisenheim (1976)

News about EAWAG Coliaborators

Professor
Karl Wuhrmann

Dr Karl Wuhrmann, emeritus Pro-
fessor for Microbioclogy at the
Swiss Federal Institute of Techno-
logy {(ETH) in Zurich and former
Head of the Biology Department
of the Swiss Federal Institute for
Water Resources and Water Poi-
lution Control (EAWAG) in Due- /
bendori, died on 16 September 1985 at the age of 73 Only
his intimate friends knew of his severe heart condition to
which he so suddenly and unexpectedly succumbed. .
Professor Wuhrmann was an acknowledged specialist
and scientist in the field of applied microbioclogy and
aquatic ecology. He is the author of several fundamental
studies on the application of the activated sludge process
in the treatment of wastewaters, His biochemically de-
rived method for the investigation of microbiological pro-~
cesses contrasted markedly with other mostly descriptive
publications. He studied the effect of eutrophication on
the hiocenosis of flowing waters and vigorously sup-
ported the development of improved analytic methods for
water quality determination. His artificial channels at Tuf-
fenwies experimental station of EAWAG which simulated
self-purifying processes in flowing ‘waters were well-
known and remained for along time a rather unique expe-
rimental installation.

Professor Wuhrmann attached great importance to phos-
phate precipitation as supplementary wastewater treat-
ment process. However, he also knew very well that it was
not the final answer to the wastewaier problem. He was
concerned about the increase in abiotic chemical com-
pounds in wastewater and their still unknown effects on
" ecology.

His studies on the toxic effects of ammonia and cyanide
on freshwater fish were not only of great scientific interest
but contributed to the revision of the Federal Law on Fi-
sheries in 1973. ‘

Kari Wuhrmann was a very critical specialist. Anybody
who consulted him on research matters had to be wellin-
formed. This is precisely why his independent opinion
was sought after by many fellow-colleagues. His quest for
answers was sustained by the idea of finding the best
possibie solution for humanity. He was thereby not afraid
to offend his interlocuters.

His death is a great ioss not only to water scientists but to
all branches of environmental protection.

Peter Perret

Alfons Zehnder 1

Dr Alfons Zehnder died unexpec-
tedly in November 1985 at the age
of 65. Many years ago, he inter-
rupted his teaching activities at
the Teachers' Traning College in
Wettingen regularly ance a week
to dedicate himself to the cultiva-
tion of the EAWAG’s algal collec-
tion. He specialised in the isola-
tion and cultivation of blue-green
algae {Cyanophyta). As president of the International As-
sociation for Cyanophyte Research, hé dealt with profes-
sional colleagues from all over the world, and was also in
charge of organizing the symposium which had been ini-
tiated by Professor Jaag in 1960. The last one was held 2
years ago at the Lake Research Laboratory in Kastanien-
baum on Lake Lucerne and at the EAWAG in Duebendorf.
Alfons Zehnder was a reserved person of a hidden versati-
lity. In the course of his research, he spéent several years
working in Canada, Camercon, Nepal, and india where he
gained insight into the essence of human existence in an
endangered environment. His talent as a natural scientist
in the microscaopic field o make and describe new disco-
veries on one hand, and his quest for ecological correla-
tions on the other, stimulated several of his siudents to
view nature and the environment with an open mind.

To his colleagues at the EAWAG, particularly at the hydro-
biological/iimnological department he was like a father.
Linfortunately, although relieved from his teaching activi-

ties, fate did not grant him the pleasure of continuing his

studies of the blue-green algae during retirement. We
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thank Aifons Zehnder for his dedicated work and his va-
luable cooperation.
Peter Perret

Awards

in 1985, the American Chemical
-Society initiated a program of
Graduate Student Awards in or-
der to recognize outstanding gra-
duate students in the field of envi- .
renmental Chemistry.

Marifan Ahel of the Center for
Marine Research in Zagreb, Yu-
goslavia, is one of the 22 graduate
students who won an award in
1985. He has been a guest graduate student at EAWAG
several times and a participant of the collaboration pro-
gram between EAWAG and the «Rudjer Bogkovié« Insti-
tute, Yugoslavia. The topic of his doctoral dissertation is

the fate of alkylphenol polyethoxylate surfactants in was--

tewater treatment and in natural waters.

The Otto Jaag Prize 1985 for the
most outstanding thesis in the
field of water resources and water
pollution control has been award-
ed to Hansruedi Siegrist for his
thesis entitled «Mass Transfer
Processes in a Nitrifying Biofilmn.
His thesis deals with the charac-
terization of the properties of
fixed biofilms and the interrela-
tionship of transport mechanisms
and microbiological processes. His fmd:ngs wr[i famlltate
the understanding of biofilms in natural water systems
and in waste-water treatment plants.

The Albert Einstein World Award of Science has been
awarded by the World Cultural Council to the scientist Pro-
fessor WernerStumm for his merits in environmental inter-
disciplinary research.

The prize was handed over in Stockholm in November
1985, where Prof. Stumm took the occasion to talk about
«Man and the Hydrogeochemical Cycles; an Ecological
Perspective».

The John and Alice Tyler Prize of $ 150000 has been
awarded in equal parts to the Swiss aquatic chemist Prof.
Dr Werner Stumm and to the Swiss-born scientist Prof. Dr
Richard Vollenweider.

The award was presented in Los Angeles on 17 May 1986.
The prize honors scientists or institutions for their outs-
tanding scientific accomplishments in the field of enviro-
mental protection and preservalion of our biosphere.
The award is a recognition of Prof. Stumm’s chemical and
ecological contributions in the field of aguatic systems
and for his future-oriented commitment to the conserva-
tion of a balanced environment.

The prizes awarded to Prof. Stumm are not only atribute to
the fundamental ecological work carried out at the Federal
Institute of Technology and at the EAWAG, but also an en-
couragement particularly to multidisciplinary and ecolo-
gically-oriented water pollut:on control research in Swit-
zerland. .

Dr Laura Sigg has been promoted
to Privatdocent* for Chemical
Limnology at the Federal Instifute
of Technology (ETHZ, Dept. Natu-
ral’ Sciences)}. The title of her ha-
bilitation thesis is: «Chemical in-
teractions and Transport Mecha-
nisms.of Metals iri Lakes». Laura
Sigg joined the Chemistry De-
partment of EAWAG in 1980 and
became head of the Analyiical
Section in 1981.

The course on «Hydraulics and Poliution of Ground Wat-
er» was again held at the ETH Hénggerberg from March
3rd to 7th, 1986. The lecturers were Prof. T. Dracos, Prof.
W. Stumm, Dr. R. Schwarzenbach {ETH} and Prof. J. Cher-

ry (Canada} .

As with many other laboratories in Europe, EAWAG's Iso-
tope Geochemistry and Radiology section has been hea--
viliy involved in measuring radionuclides from the ra-
dicactive fallout of Chernobyl’s burning reactor.
Samples taken and analysed included air, rain, surface
waters, ground waters, grass, vegetables, milk, soil, etc.
Transfer factors from the chains air - rain — grass — milk
and air - rain — vegetables were determined. Of concern
were both the relatively high concentrations of various
short-lived radionuclides {see graph below) and the lon-
ger-lived radionuclides of Cesium {Cs} and Strontium (Sr).
The inventory of ¥7Cs in Duebendorf due to the Cherno-
byl fallout was as high as 70% of the levels measured dur-
ing atomic testing in the 1950’s and 1960's.
Concentrations were such that the Swiss government re-
commended that children under 2 vears of age and preg-
nant women refrain from drinking milk and ealing salads
and vegetables grown in open fxelds during the first few

. weeks after the incident.

Apart from the itagedy for the-people invoived in the acci-
dent this incident again demonstrates that technology
can create global scale experiments with impacts far from
the source. it further points to the need for an ecological
view of the close linkage between air, water, soil and bicta
reservoirs in any accident scenario.
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Gamna spectrum of a rainwater sample in Duebendorf on
the fifth day after the accident (1. 5. 86) showing a great
number of radionuclides {in brackets: their half-lives}.
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Since summer 1985, the EAWAG was honecred by the visit
of the following guest scientists:

Ahel Marijan, Dipl. Chem., Rudjer Boskovi¢ Inst., Zagreb, Y,
{Aug.~Qct. 85).

Bryers James, Dr Ing. Chem., Duke University, Durham
N.C., USA (Aug. 85)

Capri Silvio, Dipl. Chem.-Ing., Ist di Ricerca Sulle Acgue,
Roma, [, {(Jan.~June 86)

Codovic¢ Bozena, Dr. Chem. Ing., Chief Lab. Physicochem.
Separations, Rudjer Boskovi¢ inst.,, Center for Marine
Res., Zagreb, Y, (Oct-Dec. 85)

Christensen Erik, Assoc. Prof. of Givii Eng., Univ. of Wis-
consin, Milwaukee, USA, (June-Aug. 86)

Crzuczwa Jean, Dr Analyt. Chem,, Indiana University, Bloo-
mington, USA (Jan. 85 - May 886) .

Devofl Altan, Prof., University of Washington, Seattle, USA
{Nov. 85)

Goncalves Maria de Lourdes, Prof, Centro de Quimica
Estrutural, Instituto Superior Tecnico, Lisboa, PortugaE
{July-Aug. 8b)

Johnson Carola Annette, PhD, Chemist, Imperial College,
‘Geology Dep., London (Febr. 84 - March 86)

MecKenzie Judith, PhD, Geologist, University of Floridy, Gai-
nesville, USA (May-Aug. 85}

Marcomini Antonio, Dr Chem,, Dipt. di Scnenze Ambientali,
Universita di Venezia, Venezia, ltaly {since June 85)
Masten Susan, Dipl. Ing., Harvard University, Cambridge,
Mass., USA (Jan. 85--Apr. 86) .
Morgan James, Prof for Environm. Eng. Sci, Cal Inst
Technol., Pasadena, LA, USA (July-Aug. 85)
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O'Melia Charles, Prof. Dept. of Geogr. and Env. Eng., John

" Hopkins Univ, Baltimore, Maryland, USA (July-Aug. 85)

Pytkowicz Richard, Prof.,, Oregon State Univ, OR, USA,
{Jan.-March 86)

Schnoor Jerald, Prof., Dept. of Civil & Envirenmental Eng.,
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Fourth International Conference on Urban
Storm Drainage (4iICUD)

The Fourth international Conference on Urban Storm
Drainage will be held at Lausanne, in the Ecole Poly-
technique Fédérale {Switzerland), concurrently with
the XXII'™ Congress of the International Association for
Hydraulic Research, from August 31" to September 4,
1987, Together with some seminars on timely themes,
the following sessions have been proposed for presen-
tation of contributions: topics in

1 Urban Drainage Hydraulics and Hydrology

2 Urban Storm Water Quality

3 Planning and Management.
In order to obtain more information (second announce-
ment) please write to: Dr W. Gujer, «IUCD», EAWAG,
CH-8600 Duebendorf, Switzerland, or marktherespec-
tive box on page 16.
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With the entry into force of the Federal Law relating to the protection of
the environment of Oclober 1983 (set by the Federal Council to January
1985) Switzerland is trying to reduce polution — among others - by the
principle of causality {Ari, 2: Anyone who causes measures {0 be taken

‘under the provisions of this Jaw shall bear the costs). The text of this law

is now avaliable in English at: Publikationsdienst, BUS, 3003 Berne,
Switzerland.
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