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Title page picture

Two scanning tunneling microscope images
of an iron oxide surface in water taken

8.4 seconds apart. “Bumps” are due to
individual atoms.

A step with two kink sites crosses the images
approximately horizontaily. In the left image,
two kink sites face each other {see article in
this issue for details). In the top image, the kink
site on the left has moved one site to the left.
The metat-oxygen coordination compiex that
detached from the kink site is visible between
the two kink sites. The middle image repre-
sents the transition from the left to the top
image.
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Looking Back to the Past?

One might expect someone who
retires after 37 years at the EAWAG
and with 22 years of service at the ETH
in Ziirich to reminisce about his ca-
reer, reflect upon past successes and
view any failures in an altogether
favorable light, Actually, until recently,
that was probably what | expected
myself to do as well. Instead, | have a
new story to relate which is briefly
outlined in this issue of EAWAG news.

Since 1984, my colleagues and | in the
Limnology Department at the EAWAG
have coliected *undisrupted” sedi-
ment samples from various Swiss
lakes and prepared sectional views of
the drilied cores in an effort to provide
a photographic record of the current
state of the lake floor. "Nothing new
here”, you might say. But in fact, the
special technique we used aliowed
collection of samples with an unusual-
iy large core diameter {12 cm). The
photographs were especially striking,
providing us with a vivid impression
of the fine structure of the material.
Although this technique has been
routinely used in the Greifensee for
many years by field study students, it
has never come into widespread use
by the professional scientific commu-
nity.

Photographs of sampies taken be-
tween 1984 and 1986 from the Hallwil-
ersee were particularly impressive

with their sharply defined - even
colorful — annual layers. We were
encouraged by our initiai efforts to
continue to document this extraordi-
nary sediment and to monitor its
growth, Our first attempt in the Fall of
1992 failed; the top section of the core
was disrupted — or perhaps had been
disrupted by a flaw inherent in our
collection method. We were no maore
successfui the foliowing year, despite
repeated modification and testing of
the drilling technique. We eveniually
came to realize that our “failure” was
not, in fact, due to poor technique, but
to changes in the structure of the lake
sediment itself — apparently as a
consequence of introducing com-
pressed air and oxygen into the lake
during restoration efforts.

Sediment formation in the iake today
clearly differs from that of its pre-
restoration days. The uppermost '
annual layers are now extremely
watery and, therefore, more suscepti-
ble to external influences (e. g., bur-
rowing erganisms). As a result, we
have completely revised our former
impression of a clean, totally self-
contained sediment. Though the
origina! assthetic and didactic motiva-

tion for undertaking these investiga-

tions has not produced the expected
resuits, we nevertheless have made a
surprising scientific discovery that
raises a number of new questions
about sediment formation and diagen-
esis.

Looking back to the past? | believe that
looking to the future and to a whole
host of new limnological problems is
much more worthwhiie. Even though
as an emeritus professor I wili be
somewhat on the margins of such

new and exciting research, my scien-
tific curiosity and natural interests will
continue to represent an expression of
my close ties with the EAWAG.

ERNWAY.

Heinz Ambihi
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Heinz Ambiihl

Lake sediment: ever

fascinating but difficu

't

Freshly-deposited sediments, defined as materials that have been laid
down in recent years, are difficult to deal with because they contain a
high proportion of water. For this reason, sediment is almost liquid and
has no resistance to mechanical influences. Taking an original,
unchanged sampie of this material requires an appropriately adapted

technique.

Tried-and-true boring and preparacion
techniques have been in use for many
years in working with sediments {e.g.,
[1, 2]). In our recent szudies, new core
samples were taken from several Swiss
lakes in the'Summer and Fall of 1993
in order to supplement sampling and
photographic documentation dating
from 1984-1987 and to document
changes that have occurred in recent
years.

During these sampling events, the
opportunity was taken to refine the
gravity plumb technique and to opti-

Fig. 2

Sampling crane with the coring toel. It consists of (from 1op 1o
bottony) the irigger actuated by o messenger, the valve (movable end
plate), the weight (ca. 15 kg) and the coring barrel (widh the bonded

prepandtion windew). Photo: November 1993,

Fig. 1
A former forry conversed to a working boat, now named Redox and
moared on the Hallwilersee. The bigh sampling crane allows the
coring ool to be yemvieved in free-banging fashion (and very
carefilly) from the lake. Phato: July 1986.

mize the length of the core barrel, the
roral weight of the boring tool, and its
operartional height of fall. Preparation
of the core, which is carried our im-
mediately after boring, consists of mak-
ing a longitudinal section with a thin
ghass disc sharpened to form a blade, a
further development of the established
method afrer Ziillig [3]. One half is
discarded; che other half, which remains
behind the glass, shows (in the form of
a “behind-the-glass image”) the original
stratification. This procedure is very
difficul; it very frequently fails for a

variety of reasons. The pattern must be
photographed without delay using flash
photography, overexposed by two stops
in order to brighten the mostly very
dark material. Because of the release of
pressure, bubbles of carbon dioxide and
methane are soon released which dis-
rupt the pattern and make it essential to
work fast. In Lake Lucerne, bubble
formartion is not a serious problem,
while in the Baldeggersee it occurs
immediately and turns the preparation
process into a race against the clock with
only minures to work. Anyone working
with sediments is bound o experience
these same problems.

A few curious technical decails: sam-
pling is only possible from a sufficiently
large boag; a row boat would not be
stable enough. The boacshowninFig. 1,
formerly an army ferry, is just long
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Fig. 3

Principle of the distribution of the erane eable on the cable drum (woaden model). This madel was
made, firstly, for the enfoyment af fts fnventors and, secondly, to convince donbrers.

enough at 9 m. A larger boar would
undoubtedly be better, but then it could
no longer be towed on the road which
would substantially restrice the choice
of lakes we could sample.

One point concerning the boating
equipment: when retrieving the coring
tool, it must be free-hanging from the
crane cable in order to keep the valve at
the top of the barrel closed. This re-
quires a correspondingly high sampling
crane (see Fig. 2). The water depth from
which the samples are taken is not
limited, and the crane cable can, there-
fore, be 250 m long or more. This, in
turn, requires that it be uniformly

distributed over the cable drum. Me-
chanical distriburing devices with cam
control, for example, have been used for
decades; unforeunately they require a
lot of space. We set ourselves the task of
designing an apparatus that could be
accommodated in a small boot crane
and developed a mechanism which
converts a circular or sine metion into
an admiteedly imperfect but more prac-
tical zig-zag motion via oval gearwheels
{(with normal module gearing). The
mechanism is configured in a single
plane (see model in Fig. 3). Ithas proven
to be very successful in some ten years’
of operation, and ali concerned — the

Fig. < (fefr)

No living organisms except bacteria can survive
in the auaerebic sediment: therefore, undis-
turbed deposition.

Sedivnent core from the Greifensee, 20 October
1993, decpest location opposite the infliex of the
strewm flowing through the village of Maur
(1974 survey. Agency for Land Impravement
and Reclamation of the Canton of Ziirich),
water deptly 32 m, The core is sectioned longien-
dinally. Diameter of the full core cross-section 12
enty 10 e shown lere.

Fig. 5 (right)

Lake Lucerne: An nndissurbed sedinens becanse
it is anaerobic, even in the Wegeis-Vitznan
Basin, decpest location off “Obermate”, water
depth 150 m. The lake is surrotnded by high,
steep monntains; it is, therefore, protected from
the wind and is adversely affected by the weak-
ness or frequent absence of winser turnover. The
varve pattern corresponds to the type Enown
from eutraphic lakes, although Lake Lucerne is
considered oligotraphic ar presene. The thick,
light stracum was deposited as a result of a
landslide in August 1964,

designer {H. Ambiihl}, the model pro-
grammer {H. Biihrer), the production
engineer (F. Burkhalter) and the me-
chanic who carried our the work (H.
Schilchli) ~ thoroughly enjoyed is
development {4]. The foliowing exam-
ples illustrate two new facts abour
sediments.

The fine structure of fresh
sediment

The “fresh” sediment in those lakes
which are more or less ideal for the
sedimentation process (i. e., where the
marerial is not affecred by artificial
influences such as turbulence caused by
digging, burrowing, or whirling organ-
isms) exhibits exceptionally fine, clear
strasificazion. Qur photographs from
the Greifensee (Fig. 4) and from Lake
Lucerne’s Wegeis-Virznau Basin (Fig,
5} seem 10 show frm, solid stracifica-
tion. In reality, the uppermost layers are
extraordinarily fragile. A slight inclina-
sion of the core barrel during its move-
ment from outboard to inboard can
cause any excess warter to slop tosuchan
extent thart the sedimentary material is
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mixed, and its structure is consequently
disturbed. This then is also the reason
for the recent uppermost part of sedi-
mentary cores frequently being de-
stroyed and being lost as turbid warer if
the borer and its use are not specially
designed 1o retain this most sensitive
layer.

Changes in sediment
formation

Actually, the sampling technique we
have employed since abour 1974 [5]
would have beenadequate forobtaining
new samples in 1993. In the period
1984--87, several cores were excracted
from the Hallwilersee. They were nota-
ble for their regular, astonishingly clear
stratification and colored spring strata.
New cores were extracted in 1993 to
documentsediment growth since 1987,
In absolusely every replication, the ex-
tracted extra strata turned out to be
disturbed, for which sampling artifacts
could not be excluded as the cause. The
boring method was consequently mod-
ified in stages — at first with no success.
Various samples of the Hallwilersee

sediment were always disturbed in every
arca sampled. Forverification purposes,
afew cotes were extracted using the now
optimized technique from the Greifen-
see, which had an intact sediment and
proved to be completely undisturbed
(Fig. 4). Further sampling in the Hall-
wilersee yielded the above-described,
most recent deposits which, on more
accurate examination, showed partial
disturbance (Fig. 6). The sediment was
not changed externally as it had an
intact surface (Fig. 7), and the excess
water was clear. Dissurbance by the
coring or boring process could, there-
fore, be excluded as a cause; there must
be other reasons. The beginning of the
disturbance coincided with the staet of
restoration measures in the lake (i ¢,
aeration with compressed zir and an
oxygen supply from 1986 onwards). It
remains to be settled whether deposi-
tion is being disturbed by mechanical or
hydraulic effects, for example by size-
able, artificially-generated currents, or
whether organisms are involved {e. g.,
larva of the Chavborus midge). These
organisms were present in the freshly-
extracted samples dating from Novem-
ber 1993 at 2 concentration of around
10 individuals/dm* and were visible to
the naked eye. The technical improve-
ment work on the lake {the now aerobic
environment} apparently enabled these
organisms ro reach the lake bottom and
remain there. An equivalent pattern of
varve disturbance to thatin the Hallwil-
ersee was also seen in the Sempachersee
(also aerated and supplied with oxy-
gen), and the Baldeggersee, the third of
the lakes subject to such trearmens. The
significance of the change in sedimenta-
tion on the mass balance, in parricular
for redissolution of sedimentary phos-
phorus, is currently under study.

Fig 6

One unresolved question: why have deposits in
the Hallwilersee been disturbed for some years?
Sample taken on 3 November 1993, 1 b south
of the aeration paint, water depth 45 m.

The annual strata since abonr 1987 can ondy by
approximarely identified; the partern is dis-
turbed. The patches at the wp leff and botton
right are sampling artifaces.

Fig. 7

This is what the lake floor looks fike: Hullwotler-
see, 3 November 1993, sediment core in Fig. 3.
View of the freshly-extracted sediment core. The
excess water is clear, and the sedimentary mare-
rial is furacr. The Chaoborus farva mentioned
in the text were noticed becanse they released fine
gas bubbles for  few seconds and then brrrowed
rapidly into the sedinient.
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In October 1994, EAWAG postdoctoral re-
searcher Carrick Egaleston accepred a similar
position ar the Lawrence Livermore National
Laboratory in California. In July 1995, be will
Join the faculty ar the University of Wyoming in
Laraviie, Wyoming (USA) as an Assistant Pro-
fessor in the Department of Geology and Geo-
pf{rfir:. Seephan Hug (see p. 26) will continge
tie work with the RIM and ATM which was
inftinred ar the EAWAG by Dr. Egaleston.

Carrick M. Egaleston

neral Surfaces and

Surface Sites as
eactants:

Chemical
irect Observati

on

Our understanding of heterogeneous {solid-liguid) chemical reactions
in natural systems is based primarily on characterization of dissolved
species. Here, | concentrate on the other half of the problern: reactive
sites on solid surfaces. Direct observation of “active” sites by scanning
probe microscopy is beginning to advance our understanding of
surface reactions, of what makes certain sites "active”, and of how to
predict the number of active sites available for reaction. Such
knowledge enhances our ability to predict how heterogenous reaction

systems will respond to changes in conditions.

Surfacels} of the Earth

The spherical surface of the Earth
represents abour 5x10% km® of area.
This overall surface contains more than
10%* km? of mineral-water interfaces.
Chemical reactions at these interfaces
are a fundamental component of an
overwhelming variety of natural chemi-
cal processes. Adsnrption-desorption,
dissolution-precipitation, and catalytic
reactions involving surfaces conrrol the
chemical evolution both of natural
waters and solids, whether in soil and
ground waters, lakes and streams, or in
oceans. Models of chemical interacrion
berween surfaces and materials with
which they come in contact are, there-
fore, important in many areas of envi-

ronmental science, and an increasing

amount of basic research is dedicated to
improving these models or to defining
their limits of applicability.

Surface sites in Chemical
Reactions

Let us examine a simplified adsorption
reaction to illustrate some of the prob-
lems encountered in understanding
surface reactions. The adsorption of an
organic ligand L7 to 2 mineral surface
can be modeled using a stoichiometric
ligand-exchange equation:

>50H + L‘(aq] + H+(an3 —>5L+ Hzo
K, = [>SL}/1>SOHELIH {1}

where >SOH representsa surfacessite,
Ky is an equilibrium constant, and | |
represenss activity. Reacton (1) has
stoichiomerric significance only, al-
though many spectroscopic studies
have shown that the struceure implied
in (1) indeed occurs. However, most
spectroscopic techniques employed for
studying  surface-complex  strucrure
probe the local coordination or mag-
netic environment, or vibrational prop-
erties, of the adsorbed species. The

Fig. 1

Mool of a surface unit-cell of the pyrite (100)
strface. Filled civeles vepresent Fe atoms, and
shaded circles represent § atoms above (larger)
and below (smaller) the plane of Fe atoms.
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sueface »SOH sites, by comparison,
remain structurally undefined. This
lack of definition limits our ability to
model the complexity of narural sys-
tems, because not ali surface sites are the
same, even on a single mineral grain.
Knowledge of what makes particular
sites especially reactive, and how we
might predict cheir abundance, could
improve this situation.

For example, under most natural
conditions mineral dissolution and pre-
cipication is controlled by surface reac-
tions. The dissolution rare R of a metal
oxidecan be written, insimplified form,

Rk [>SOH] +k>SOH;l +k >8] {2)

where l;, k;y, and k are rate consrants
for pH -independent, proton-promor-
ed, and ligand-promoted dissolution,
respectively {1]. More terms can be
added for more complicated systems.
If the rate conswants are known, the
dissolution rate can be predicted from
adsorption equilibria. For example,

Fe (Il)
w
=
s
o
8
>
7
el
&
=
0 5 10 15 20

Binding Energy (eV)

Fig. 2

This figure shows nwo Xeray photoelectron spec-
ma from pyrite, taken and veplotted from
Ennaeui et al. [2] The peaks in the spectra
represent elecrrons from particular atomic arbir-
als of the solid. Quantum mechanical calcila-
tions aid in the nterpretation of such spectra.
The peak ar I eV binding energy, for example,
represents Fe 3d electrons tn Fe (1), The broader
peaks between 2 and 9 eV represent 5 3p
electrons, and the peaks between 12 and 20 ¢V
represens S 3s elecrrons. The upper specirint
represents a fresh surface. The lower spectrum
represents 4 surface after partial axidation. Note

the decrease in intensity of the Fe(Il) pml: inthe

lower spectrum.

Fig. 3
(A) STM tmage of a fresh pyrite surface, taken in air with a Tungsten 1ip at a bias voltage of -316 mV
and LO wAd. The image is 150 x 150 nancmeters, with vertical relief of 1.5 nanometers (15 A,
equivalent i just over 3 atomic layers). Tivo seops, ane atomic layer (left} and o aromic layers ( ."igl';'r)
rin through the image near-vertically

(B) STM image of a pyrite surface after ene day in air. The conditions and image size ave the same as
in (A}, except thar bius is ~40 m¥. The srface appears corvoded.

fram reaction {1}, [>SL] in the thied
term of equation {2) can be given as
K =SOH][L7JHL
equation (2) will contain an expression
for surface sites, »SOH. However, usu-
ally only a smali number, >SOH ..., of
the total surface sites, >SOH,,,, are
“active” toward dissolution. The ques-
tons [ wish to examine in this paperare:
what are active sites, not only for
dissolution bur for other reacrions as
well, and how can we quantify them?

Each term in

Reactivity and Predictability
of Active States

Whar do we mean by “>SOH” and
“>SOH, . ? | have chosen two exam-
ples: specific Fe(Il} sites on oxidizing
pyrite surfaces and kink sites on calcite
surfaces.

A} Oxidation of pyrite (FeS,) {001]
surfaces

Pyrite is the most commen sulfide
mineral at the Earth's surface. Its redox
chemistry is important in electren and
elemental cycling in sediments, acid
mine drainage, and photochemical re-
acrions. Here, we discuss a very simple
experiment in which a fresh pyrite
surface is allowed ro oxidize in air for
one day.

Pyrite structure: where are the atoms
and electrons?

Fig. 1 shows the pyrite {001} surface
unit cell with an Fe{Il) atom at each

corner and one in the center. Because
scanning tunneling microscope, STM,
“sees” electronic structure, rather than
atomns per se, we must understand the
electronic structure of pyrite. Fig. 2
shows two photoelectron speceza {2].
The upper spectrum was taken from a
fresh surface. Quantum mechanical cal-
cularions and specialized spectroscopic
measurements show that the intense
peak at 1 eV binding energy represents

Fe 3d electrons in Fe(l) [3.4]. These

Fig.

STM image of a pyrite surface exiclized in air for
ane (!'(f_y (-0 m¥, 1.0 nA). The fmage is F0x40
ntnometers, and vertical relicfis 8 A Althongh
the fmage is slightly ueisy, some areas are
ungxidized, and the atomic periodicity of these
areas (brighter) is visible. Other areas are oxi-
dized and appear dark, A few individual
oxidized sices appear within wnoxidized areas,
The borders berween oxidized and wnoxidized
areas are cryseallographically controlled.
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Fig. 3

STM fmage of a fresh, unoxidized pyrite surface,
Compare the unit cell in this Image to that
drawwn in Fig. 1. As expecred from the elecrronic
striechire, e see m:/y Fe (11} atoms ar the

sirface. Image area is 2 x 2 nanometers,

electrons are the strongest reducing
agents of the pyrite surface.

The lower spectrum in Fig. 2 was
taken from a pyrite surface after partial
oxidation [2}. The most imporant
change is the greatly decreased intensi-
ty of the peak at -1 eV, Oxidation has
reduced the number of 3d electrons in
Fe(ID) at the surface. With an STM, we
can “see” these 3d electrons and, there-
fore, “sec” the Fe(ll} atoms at the
surface as well as their “disappearance”
with oxidation progress.

Microtapography

Fig. 3ashowsan STM image of an area
of a freshly cleaved pyrite {001} sur-
face, 0.15 mm on a side. The surface is
relatively smooth (see figure caption
for demils). Fig. 3b shows an STM
image of the same surface {in a slightly
different place); the image area is the
same size as in Fig. 3a, but the surface
appears corroded. There are dark areas
and light areas. Let us look more
closely at the surface to examine the
reasons for this.

Fig. 4 shows an image of the pyrite
surface, 0.02 mm on a side. In the
lighter areas, one can begin ro see the
atomicstructure of pyrite. “Close-ups”
of unoxidized areas (Fig. 5) show the
structure expected of a fresh pyrite
surface in which the bright “bumps”
correspond to Fe(Il) atoms (compare
Fig. 5 o Fig. 1}. Sulfur atoms are also
present, but they are invisible to STM
because they do not have electrons that

8

the STM can “see” under the conditions
used. In Fig. 4, some areas appear
“dark”; these are the areas in which the
electrons of Fe(ll) have been lost by
oxidation, the same electrons thar are
observed to “disappear” from the spec-
tra in Fig. 2 after oxidation. Interesting-
ly, the oxidized sites occur mostly in
larger oxidized “parches”, implying that
oxidarion occurs not by a randomiy
distributed process, but by a nucleation
and growth process. In addidon, the
edges of the oxidized patches often
occur parallel o particular crystallo-
graphic directions, often the [110],
[100], and equivalent directions {com-

pare Fig. 4 and Fig, 6}.

Fellll} and surface structure: different
reactivities for different sites?

fr is well known that Fe(IIl} plays an
important role as an oxidant in pyrite
oxidation. It is, therefore, reasonable to
suggest that the number of nearest-
neighbor Fe(I1I) sites around an unoxi-
dized Fe(Il) site is important in deter-
mining the overall oxidation probabil-
ity for different surface Fe(I) sites. In
Fig. 6, an Fe(Il) site along a reaction
border parallel to {110] (site 1) has only
one oxidized nearest neighbor, whereas
unoxidized sites at a “kink sites” (site 2)

or along [100}-oriented reaction bor-

ders (site 3) have two Fe{lIl) nearest
neighbors. This suggests thatsites 2 and
3 in Fig. 6 should oxidize more rapidly
than sitel. Ifso, then the surface should
become residually enriched in sites like
site 1. This is the same as saying that we
should see many reaction borders ori-
ented parallel to [110] and equivalent
directions, This is indeed seen in Fig. 4,
but many sites like 2 and 3 in Fig, G also
occur. This suggests that there is not 2
large difference in reactivity berween
the differens sites modelled in Fig. 6,
although sites like 1 are probably slight-
ly less reactive than 2 and 3.

There are many more complicated
interpretations that can be made. For
example, we have only examined initial
sucface oxidation. Long-term oxidation
probably consiszs of several parallel
mechanisms, Direct oxidation of sur-
face Fe{ll), oxidation by adsorbed

Fig. 6

Model of different Fe(Tl) sives along a border
berween an unoxidized arca {(unfilled circles
represent (Fe(ID) and an oxidized area (filled
cirefes represent Fe(lIl)). Sire I bas one Fe(ITl)
nearest neighbor, wheveas sites 2 and 3 have two
oxidized nearest neighbors. Therefore, sites 2
and 3 are probably more likely ro oxidize than
site 1. A wnit cell is included in the upper left
(compare to Fig. 1), and the major crystallo-
gaphic directions are given,

Fig. 7

Model of a crysral surface, showing four steps
(A). Along cacl seep are kink sites of varivus sizes
defined by 1. A kink site may bave asize of 1, 2,

3 or more crystallographic uniss. Solutes from a

solution may adsorb, surface-diffise, and artach

to kink sites during growth, or may detach from

kink sites, surface diffuse, and desorb. Surface
diffusion distances on minerals appear to be
shert [6,7]. Ateachment or decachmens from

binks canses the kink ro move, and the motion of
kinks causes the step to move. The overall rate of
grawth or disselution of the area llustrated will
depend on the number of kink sites, nat simply
on the total surface area,
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Fig. 8

A) Model of a caleite crystal (rbomd) with « pir
in the eenter of a flar face. Steps marked “+”
move faster than steps marked =" during
dissolurion ar growth [G]. The vertieal lines are
parallel to the atomic rows seen fn Fg. 9.

B) The shape of a pir in highly undersatnrated
solution, :

C) The shape of o pir on a surface thar has
appreached equilibrinm from undesaruration.
The "="-steps spantancously curve, implying the
spontaneous formation of kink sires.

6 x 1020
4x10°20 1
2% 10720
1x 10720+

Energy (J)

8 x 107214
6x 10721 4

4 x 10 —

{
12 3 4 5
Kink Size (n}

Fig. 10

A plot of kink encrgy wersus kink size, n (n Is

defined in Fig. 7). The energies were calerlated
Srom statistical dasa on the wumbers of hinks of
parious sizes n, denoted Niu), in comiparison

to the total number of possible kink sites (i.c.,

sites along steps), denoted N(O), using the Boltz-

mann equation, N()IN(Q) = exp[ESET]. The
resulting formation energics thus do not include
the energy required te form a surface (ca. 24 kf
meot-t of wnit cells) or the energy required 1o form

the steps alowug which the kinks oconr (which is
estimared 1o be similar 1o the hink formarion

energy becawse the formation of a kink requires
the formation of a section of step).

Fe{lll), and even electron conduction
through thin layers of Fe(III) oxide may
all occur simultaneonsly, and as oxida-
tion proceeds different mechanims may
become rate-controlling, Also, I have
ignored sulfur. Fe(I1I) also acts as an
important oxidant of sulfur, and better
definition of the imporrant reactive Fe
sites may also help in understanding
and modelling sulfur oxidacion. Here, I
wish only to show that the STM obser-
vations allow us to ask questions con-
cerning the relative reactivity of differ-
ent surface sites. For example, poten-
tially important surface sites, such as
those in Fig. 6, can be studied using
quantum chemical calculations o
quantify electron transfer probabilities.
We can thus begin to form direct
connections berween the microscopic
world, macroscopic oxidation rates and
experiments, and eventually the behav-
ior of pyrite in natural systems.

B} Kink site energetics and CaCQ,
dissolution

In this section, we wili briefly discuss
“active” sites in the dissolution and
precipitation of caleite. The solid-solu-
tion equilibria and kinetics of calcite
play a large role in global carbon cycling
as well as in local warer quality, the use
of calcite to infer paleoenvironmental
conditions, and the action of carbonares
inabsorbing trace metals from solution.
Whatare “acrive sites” in calcite dissolu-
tion and precipitation, and how can we
predict their behaviar?

Perhaps the most widely-accepred
model of crystal growth and dissolucion
is the Burton-Cabrera-Franck (BCF)
model, in which adsorption and des-
orption equilibria create a steady-state
populasion of adsorbed species that can
move across the surface and interact
with (actach o or detach from) kink
sites (see Fig. 7). It has been shown [5]
that kink sites are usually the “acrive”
sites mentioned in the introducton. if
we could predict the number of kink
sites likely to oceur in different condi-

tions, we would have a much berter
understanding of “>50H, ;...
Direct, in-situ imaging of surface

microtopography during dissolution

S AL

Fig. 9
Aromic force micrascope (AFM) image of a
caleite surface in equilibrinon with water (closed

t the atnasphere), .

Bt AFM, renlike in STM, the image arises from
Jorces vather than electranic conduciion. Here,
the farces are predowinantly electrostasic [9], in
the range of 107" Newtons. Under these condi-
tions, ambient vibrations are enmormons and
contribute greatly to naise.

The fmage area is 1015 nanometers, and
ateniic rows can be seen. A step runs through the
fmage from lower Lot to upper right. The
expecied step divection is marked. RKink sites,
which are sections af the step parallel to the
atomic rows rather than diagonal to them, are
visible Gome are wmarked with arvows), and

coteled be corted in many similar fmages.

and growth of calcite [6] has shown that
steps indeed advance and retreart across
the surface in accord with the BCF
model. Interestingly, steps in different
crystallographic orientations on calcire
move at different rates. Fig. 8 shows
which steps move quickly and which
steps move slowly. This implies that
some kink sites are either more reactive
or more populous than others. Also, it
has been observed that erch pits origi-
nally with the shape shown in Fig. 8b
sponaaneously evolve into the shape
shown in Fig. 8¢ as equilibrium with
solution is approached. This implies
that kink sites form much more casily
along the (-) steps than along the {+)
steps, What is the formation energy of
kink sites on the owo steps?
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Formation energy of kinlk sites
Direct, in-situ observation of steps by
aromic force microscopy (AFM), with
the surface in equilibrium with water,
gave images similar to Fig, 9. The calcite
structure can just barely be seen. The
step is not parallel to the nominal step
direction, but is curved and exhibits a
number of kink sites.

Toa firstapproximation, the kinkssice
formation energy can be calculated
from x, in

E=KT In[(2x,/a) - 2]

where a is the crystallographic constant
in the step direction, E is the kink
energy, x, is the mean distance benween
kink sites, and k and T have their usual
meanings [8].

From the images, x, was measured
and the energies of kinl sites calculated.
The formarion energy of kink sites on
(+) steps is constrained to be >8 k] mol-
1, and along (-) steps is approximately 2
k] mol. Another statistical treatment
of kink sites along {-) steps [9] (Fig. 10)
gave formation energies of >3 kJ mol”,
depending on kink size. Thus, wo
diffesent models show thart kink forma-
tion energies on calcite in water aré very
small, probably less thar 10 kJ mol.
These numbers must be considered
approximate, however, because they are
based on a statistically small number of
observations.

Surfaces change with time

With such small formation energies, we
expect that sieps and kink sires should
form spontaneously on calcite surfaces
in water at room tempetature. This
explains the spontaneous curving of
steps illustrated in Fig. 8 (spontaneous
curving during approach to equilibri-
um also shows that the kink population
depends on undersaturation). In addi-
tion, Fig. 11 shows the spontaneous
formation of small depressions on an
originally flat surface exposed to air. To
obtain Fig. 11, a calcite crystal was
cleaved in air. The fresh surface was
aromically flat except for a few steps
from upper left to lower righe. After 3.5
hours in air {Fig. 11a), pits or depres-
sions had formed on the surface, mostly
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Fig. 11
Bothy images presented heve ave AFM images of wiicrotopography, 8 x 8 mm. Versical relief s 4
HANOIEILTS.

AV A calcite surface after 3.5 honrs of exposure to air. Many pits have formed on the surface, mostly

along steps.

B) after 6 hours of air exposure, pits have atso formed an the flat terraces benveen steps.

along the steps. After G hours in air (Fig,
11b), pits had also formed in the flar
terraces between steps. This spontane-
ous thermal step and kink formation is
consistent with low kink formation
energies.

With knowledge of kink site forma-
tion energies, in turn, several models
can be used to calculate kink site
populations as a function of supersatu-
ration, temperature, and other vari-
ables, thus allowing us to quantify what
we mean by “>SOH_.;.." in equation
{2). Forexample, if we can now begin to
quantify the ratio

[>S0Hagi1el A>50H .

and to understand how this ratio varies
with conditions, we may be able 1w
extend dissolution models to non-
steady-seate conditions and thus make
them more flexible for describing non-
steady-state natural systems.

Qutlook

I have discussed ewo examples of how
microscopic observations can be used to
constrain macroscopic models, particu-
larly concerning what we mean by the
symbolism “>5OH" for a surface sire.
Any physically realistic model must be
consistent with microscopic observa-
tions, not only structirally (as speceros-
opic studies have emphasized}, but also
energerically, in terms of population
distributions and binding energies.
New microscopic technifjues are begin-

ning to allow us to quantify these
constraints, and chus to better define
the surfaces and surface sites thatace as
key reacrants in natural systems. The
hope is that not only the speciation of
dissolved species and adsorbed species,
but also of the surface sites themselves,
can eventually be predicted so thar we
can more accurasely sort out the impor-
tant mechanisms and pathways of het-
erogeneous reactions.

(U Swmm W, Chemistry of the Solied-Winer Inrer-

face. Wiley, 1992,
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istry: Application of Quantiwm Mechanics in the
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Hansruedi Siegrist

The Removal of Nutrients
in Activated Sludge
Systems

in its efforts to protect the North Sea, the EEC soon plans to stringently
limitdischarge ofthe nutrients phosphorus (P} and nitrogen. A number
of sewage treatment plants have already been enlarged to include
nitrification and chemical phosphate precipitation. Due to operation
and energy management, denitrification might be added within the
framework of future improvements of these plants. This will be
possible in some cases without adding tank volume. In order to both
save the amount of precipitating agent used and to decrease the
volume of sewage sludge produced, the possibility of employing
bidlogical P removal in combination with chemical precipitation of
residual P should be investigated parallel to the introduction of the
denitrification process.

Bulk fiquid
lipoprotein

outer
membrane

periplasmatic
space

cyloplasmic
membrang

cytoplasm

Production of nitrogen and nitrous oxide
{related to denitrification rate at 0 mg Ox/l)

D/o 0/0
100 0.4
80 nitrogen - 0.3
60+ : nitrous
oxide -0.2
0.1

0 01 02 03 04 05 1 2 3 4
O, concentration in the activated sludge tank {mg/L)

Introduction

As a2 consequence of the eutrophication
of the North Sea’s coastal warters, the
larger sewage treatment plants in Swit-
zerland will have to reduce their nitro-
gen load either to meet a cermain stan-
dard levei or by 70-80% according to
the EEC directives 21 May 1991. In
order to remove the nitrogen, supple-
mentary denittification could be added
to those plants already carrying our
nitrification in their activated sludge
systerns, Small and medium-sized sew-
age trearment plants will also operate a
limited pre-denitrification process in
order to improve the properties of the
sludge and to reduce the amount of
bulking and floating studge.

* Only a few domestic sewage trear-
ment plants in Switzerland currently
operate denitrification systems. Conse-
quently, there is lirtle operating experi-
ence upon which o design the ex-
tension of a sewage treatment plant
to include an incoming denitrification
system. Parallel to the introducion
of deniurification, enhanced biological
phosphorus removal should be investi-

Fig. 1

Above: The enzymes of the respiratory ehain of
denitrification are localized in the cyroplasmic
membrane of Grame-negative bacteria, The ac-
tive site of nitrate redvctase is on the {uside of the
membrane. The ranspert af nitrate through the
cytaplasmric membrane occurs through a rans-
pore system involving the exchange of nitrite.
The active sites of the nitvite, NO and N.O
reductases can be found on the owsside of the
eytoplasmic membrane in the periplasmatic

space [3/.

Below: Nitrons oxide-reducrase (N>O) is more
strongly inhibited ar low oxygen concentrations
than the nitrite and nitrate reductases, which
leads to increased emissions gf nitrous oxide ifthe
oxygen supply is insufficient (caleslacions made
using an experimentally calibrated model (47},

11
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gared as a possibility for parrially replac-
ing the current methods of P removal by
chemical precipiration.

If a sewage treatment plant is equip-
ped witha filtration system, a fraction of
the nitrate can be denitrified in the fil-
ter by adding an easily degradable
organic compound (e. g., methanol).
This means, however, that enhanced
biological removal of phosphate in the
activated sludge system would not be
possible, as low nitrate valuesand a well-
functioning denitrification system are
pretequisites for enhanced biological
phosphorus removal.

The removal of nitrogen by
heterotrophic denitrification

Denitrification is carried out by hec-
erotrophic bacreria that decompose or-
ganic compounds (CH,O) and reduce
nizrate (NO;7} to molecular nirrogen
(N,) in several steps (see Fig, I above):

4 NO7 + 5 CH,0 => C0; + 4 HCO3 + 2Nz + 3 H;0

. In the process of denitrification, 50%

of the acid buffer capacity (HCOy)
required for nitrification is recovered,
which leads to more stable pH cond:-
tions at low bicarbonate levels. Abous
70% of the heterotrophic bacteria that
can live in oxygen are able to reduce
nitrate under anoxic conditions (i.e.,
nitrate present bur molecular oxygen
absent).

The efficiency of denitrification and
enhanced biological phosphorus re-
moval is dependent on the easily de-
gradable, dissolved organic fraction in
the inflowing sewage water. As a conse-
quence of the pre-oxidation of the
wastewater in the sewers and the high
dilution of wastewater by external wa-
ter, the fraction of easily degradable
organic components in Swiss domestic
wastewater is small, and practical results
from foreign plants cannot be directly
applied. Siegrist and Gujer [1] have
described a static model for planning
the construction of a denitrificarion
system which rakes into account the
composition of the wastewater, the
influent concentration of oxygen, the
flow diagram of the enrire system and
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temperature. This model wili be tested

in the sewage treatmentr plants of Neu-
gut in Diibendorf and Zirich-Werd-

holzli. At che same time, the dynamic

behavior of the nitification/denterifi-
cation processes will be followed by on-
line surveillance. The degree of correla-
tion to the behavior simulated by math-
emarical models will be continuously
tested.

Preliminary trials in the sewage trear-
ment plants of Ziirich-Werdhalzli and
Ziirich-Glatr suggest that for rypical
Swiss domestic wastewater (BOD/N ca.
4),a60-70% removal of nitrogen can be
achieved with 30% anoxic (denitrify-
ing) volume in spite of the considerable
oxygen input into the denitrification
zone (612 g O»/m? inflow) [2]. The
removal efficiency stands in relation to
the influent nitrogen load and also
accounts for the incorporation of nitro-
gen into microbial biomass. Supple-
mentary measures (e.g., reducing oxy-
gen input from inflow and return flow,
adapting the acration to the require-
ments of nitrification, reducing the
volume of the preclarification rank and
possibly adding an easily degradable
substrate) would facilitate an even high-
er removal efficiency to be achieved.

Fears that denirrification could lead
to increased nitrous oxide emissions are
unfounded. Nitrous oxide emissions
are highest where redox conditions are
not clearly defined, as may be the case
near the influent of strictly nivrifying
activared sludge plants. Low oxygen
levels inhibit nitrous oxide reducrase
significantly more strongly chan nitrare
and nitrite reductase, leading to an
accumulation of nitrous oxide at low
oxygen concensrations. In comparison,
the emission of nitrous oxide in well-
defined denitrification zones is less than
0.1% of the denitrified nitrogen load
(see Fig. 1 below on page 11).

Process technology of
denitrification

One can differentiate between two
main types process technology for ni-
trogen removal in activated siudge sys-
tems [3]:

» Nirrificarion and pre-denitrification
in separate tanks. This includes in-
coming denitrification and cascade
denirrification.

» Nitrification and denitrification in a
single, unseparated tank, in which a
spatial or temporal separation of the
two processes can be made. Simulra-
neous and intermittent denitrifica-
tion, as well as alternating denitrifica-
tion and the sequential bazch reactor
ali belong to this classificacion.

In pre-denitrification, the front part of
the activated sludge system does not
receive aeration, and the activated
studge is kepr in suspension by a stirrer.
Nitrate enters the anoxic area of the
tank through the return sludge. An
addirional internal recirculation from
the end of the aerobic rank to the
beginning of the anoxic rank can en-
hance the efficiency of denitrification;
this also reduces the hydraulic load of
the clarifier. Space permiting, pre-
denitrification can be integrated rather
easily into existing nitrifying systems.

During cascade denitrification, the
anoxic and aerobic sections of the tanks
alternate in the line of flow. Additional
internal recirculation is not necessary as
the nitrate always originates from the
previous nitrifying zone. Optimally, the
inflow should be distribured equally
among the denitrification zones.

In simultaneons denitrification, niti-
fication and denitrificarion take place
simuiraneously in different zones of the
tank (carrousel plant). During intermit-
tent denitrification, nitrification and
denirtrificarion are remporally separared
bur occur wichin the same reactor.

During alternating denitrification,
denierificarion and nitrification alrer-
nate berween two linked ranks (bio-
denirtro-process). The inflow isiead into
the non-aerared rank, whereas the out-
flow always moves out of the aerated
one. In order to ensure that no anaero-
bie wastewater containing ammonium
flows into the clarifier when switching
over, an aeration phase has been inser:-
ed for both tanks,

In the sequential batch reactor, the
wastewarer is added in barches and is
then denitrified, nitrified and subse-
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quently decanted. This process can be
applied when the catchmens area is
relacively small and possesses a separate
sewer system (storm sewers).

Simplified model for
describing the enhanced
biological removal of
phosphorus

The microbiological mechanisms of
polyphosphate storage have only been
partially elucidated. The activated
sludge model assumed by process engi-
neers [6, 7] (see Fig. 2) was recently
corroborated by Ubukata and Takii [8]
in pure cultures; however, only for a
bacreria growing on amino acids. For
this reason, there should be a closer
collaboration berween microbiology
and the engineering sciences in order to
more accurately describe the microbio-
logical mechanisms occurring in mixed
cultures and o develop abetterworking
model.

The model which has been pur for-
ward by process engineers assumes that
a phosphorus-accumulating organism
(PAQ) exists within activared sludge
that requires two different redox condi-
tions for P accumulation to occur (see
Fig. 2):

s Under anaerobic conditions (with-
out nitrate), the polyphosphate
stored within the cell is released
anaerobically and excreted as ortho-
phosphate. The resulting, biochemi-
cally useful energy is ucilized for
maintaining the cell and for assimi-
lating easily degradable substrates. As
the bacteria cannot utilize the sub-
strate under anaerobic conditions, it
is stored in the cell in the form of
long-chained compounds (e.g., poly-
hydroxy carboxylic acids).

* Under aerobic (and partly also under
anoxic conditions), the anaerobically
stored substrate is respired as a source
of energy and utilized for cell growrh.
At the same time, some of the resulr-
ing energy is used for storing poly-
phosphare. '

The proposed phosphorus-accumulat-

ing organism depends on respiration

and anaerobically stored substrate for

substrate orthophosphate
A

energy

<l

/

poly-hydroxy polyphosphate
alkanoates

cytoplasm

CO,,H,0 orthophosphate
A

S

energy

biomass

Y

poly-hydroxy polyphosphat
alkanoates

cytoplasm

Fig. 2

Scheme of the anaerobic und aerobic processes in phosphorus acenmularing bacteria.

its cell growth. For this reason, the
activated sludge should be able to run
through several anaerobic/anoxic/aero-
bic cycles. The growth rate is lower than
for other heterotrophic bacteria. The
advantage of phosphorus-accumuiat-
ing organisms is the capacity to store
substrate inan environment which does
not aillow other bacteria to grow. Other
bacteria can only utilize the.easily de-
gradable substrate efficientdy when
a corresponding electron acceptor is
available (oxygen or nitrate), as the
possibility of storage does not exist for
them.

For mixed cultures in an anaerabic
environment, a definitive relationship
between the disappearance of dissolved
BOD (Biochemical Oxygen Demand)
and an increase in the orthophosphate
content of the water exists. The bacteria
do not assimilate all substances equally
well. Volarile facty acids such as acetic
acid, propienic acid or buryric acid are
assimilated most efficiently. These sub-
stances, which are very easily degradable
under either aerobic or anoxic condi-
tions, are seldom found in high concen-
trations in the influent. There are excep-
tions; for example, for long residence
times in the sewer or in the preclarifica-
tion tank where through fermentationa
substantial fraction of the BOD is made
available in the form of volatile fatcy
acids for the redissolution of phosphate.
The fraction of easily degradable sub-
stances could also be increased by add-
ing volatile farry acids from primary
sludge acidification, Otherwise the sub-
strate has to be «produceds i situ by
fermenting the particulate substances

during 2 sufficiently long anaerobic
residence time.

In order to carry out the biological
removal of phosphorus, the acrivared
sludge has to be alternatingly exposed to
aerobic and anaerobic conditions (see
Fig. 3). At high concentrations of eas-
ily degradable substrate macter in the
anaerobic tank, the nitrate from the
returned sludge is denitrified and the
phosphate is redissolved by the phos-
phorus-accumulating bacreria. To whart
extent the redissolution and assimila-
tion of phosphate occur simultaneously
under anoxic conditions cannot yet be
quantified.

The role of nitrate is not clear at this
time, and additional research is needed.
Experiments show that an anoxic envi-
ronment can inhibir the redissolution
of phosphate. If the availability of
substrate is low, the nitrare has to be
denitrified before phosphate can be
redissolved. For this reason, every bio-
logical phosphorus removing system
also has to have a good denitrification
system.

Inhibition of the biological removal
of phosphorus by nitrous oxide (NO) at
concentrations higher than 20 M NO,
as observed by Appeldorn [9], will
probably not cause problems in contin-
sously running systems since the con-
centration of NO in an incoming den-
itrification system is usually aboutr 1000
times lower {10]. A decrease in overall
denitrification capacity due to fixation
of substrate in the anaerabic phase
by polyphosphate-accumulating organ-
isms has not yet been corroborated in
practice suggesting that some of the

13
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PAO are carrying out denicrification
based on a supply of stored substrate
and so can already assimilate phospho-
rus under anoxic conditions,

The chemical process
technology for biolegical
removal of phosphorus

There are two main types of processes
for the biological removal of phospho-
rus:

* In the maiistream process, the redis-
solution of phosphate occurs in the
mainstream of the wastewarer in an
anaerobic rank series connected to
the denitrification/nitrification pro-
cess. Phosphorus is removed as poly-
phosphate with the surplus sludge.

* In the side stream fiow process, part
of the return flow of sludge is lead
through a separate tank where an-
aerobic conditions enable the poly-
phosphate to be redissolved (pre-
treated sewage having been added).
As the resulung dissolved phosphate
is rather concentrated,. it can be
precipitated with lime or iron (phos-
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rrip-process) after separating and re-
turning the polyphosphate-pooracri-
vated sludge.
Maurer and Gujer [11] have developed
a static model for calculating the effi-
ciency of biological phosphorus remov-
al, raking into account the composition
of the wastewater, the input of oxygen,
the layour of the system and tempera-
ture. This model will be verified in che
sewage treatment plant of Neugut in
Diibendorf and in 2 laboratory system.
The Task Group on Mathemarical
Modelling of the IAWQ (International
Association on Water Quality) has de-
veloped a dynamic model for describing
the biological removal of phosphorus
[12], which is also being tested on Swiss
domestic sewage in the laboratory and
in the Neugut sewage treatment plant.
A large number of flow diagrams for
the mainstream process have been pub-
lished and many patents issued. The
UCT-process developed at the Univer-
sity of Cape Town is used for illustraring
the course of the concentrations of
various substances (see Fig. 3). The
return siudge is first conducred into the

anexic zone. An additional return pipe
into the inflow leads the nitrate-poor
sludge into the anacrobic tank; the
biologically stored phosphorus can be
redissolved without the inhibiting pres-
ence of nitrate. The efficiency of deni-
trification can be increased by means of
an internal recirculation between the
aerobic and the anoxic zones.

As Swiss wastewarer is rather dilure,
the phosphate levels of the discharge
cannot be kept at a stable level using
biological T removal alone. Conse-
quently, the standards of the {Swiss)
Ordinance for Warer Pollurion Control
cannot be met, and a residual phosphate
precipitation with iron or aluminum
salts is required. The precipitant may,
however, only be added 1o the farend of
the aerobic tank after the phosphate has
been completely assimilated biclogical-
ly. This process should be controlled by
the on-line measurement of orthophos-
phate levels in the effluent of the
activated sludge system. When using
trivalent iron or aluminum salts, the
precipitant could also be added to the
outflow of the activated sludge system.
The precipitation of residual phospho-
rus by means of a flocculation filtration
would completely relieve the activated
studge system of precipitated studge.

Since the amount of precipitated
sludge is significantly reduced by the
biological removal of phosphorus, the
integration of a biological phosphorus
removal system with a denitrification
system Is not expected to lead o a
significant enlargement of tank space;
however, the non-aerated tank space
would be enlarged at the expense of the
aerated space.

Removal of nutrients and
sludge treatment

During the digestion of the sewage
siudge, the nitrogen bound in proteins
is released as ammonium with a stoichi-
ometric amount of bicarbonate being
formed simultaneously. If the digested
sludge is dewatered, the ammonjum
load from sludge treatment amounts to
abour 15-20% of the inflow load {see
Fig. 4).



The Bemovai of Nutrients in Activated Sludge Systems

excess sludge

upeatan effluent loads effiuent conc.
80 - 85% without denitrification 20 mg N/
3G - 40% with denitrification (60%) 10 mg N/
centrate
5-10% . dle\.ératered
sludge
15-20%
Fig. 4

Nirragen lpads in a sewage treamment plant containing siudge delyydration.
PC = primary clarifier. AS = activated shidge system.

The combined thickening of both
primary and secondary sludges is not
possible in a plant with biological phos-
phorus removal. The anaerobic condi-
tions in the primary clarifier and in the
pre-thickening tank causes a large
amount of the biologically stored phos-
phate to redissolve thereby increasing
the phosphate load for biological trear-
ment. The excess sludge must be re-
moved and immediately dewarered. If,
however, the pre-dewatered excess
sludge is digested together with the
primary sludge, a fraction of the phos-
phate will be redissolved in the digester.
The polyphosphate anion, stored in the
microbial cells, is mainly stabilized by
magnesium and potassium cations.
These cations are also released during
redissolution of phosphate. Abour 30%
of the redissolved phosphate is precipi-
rated in the digester in the form of
magnesium ammonium  phosphate
(MgNH,PO,), and abour 50% is pre-
cipitated as calcium hydrogen phos-
phate and adsorbed to sludge particle
surfaces [13, 14]. If no aluminum or
iron saits from phosphate precipiration
are available, abour 20% of the released
phosphate salts remain dissolved in the
digester supernatant. If about 50% of
the P is stored as polyphosphate in the
activated sludge systemn, chis would lead
to a phosphate reloading of the activar-
ed sludge system of about 10%.

After the release of biogas pressure,
the precipitation of MgNH,PO; and
CaHPO; can lead to increased scaling

in the digester supernatane piping and
the simultaneous precipitation of calci-
um carbonate (decrease in the partial
pressure of CO, increases pH) {15].
Whether the magnetic treatment of the
supernatant could prevent increased
scale formation of the piping is current-
ly the subject of a doctoral dissertation
ar the EAWAG. The extent to which the
precipitation of residual phosphorus
with iron in the activated sludge system
causes a decrease in the level of dissolved
phosphorus in the supernatant and a
binding of hydrogen sulfide in the
digester is not yet known and requires
further research.

In existing plants with biological
phosphorus removal, differing rates of
phosphate redissolution have been re-
ported. In German sewage trearment
plants, low concentrations of P are
usually found {(50-100 mg P, /L) in the
supernatant with the phosphorus re-
loading amounting to less than 10%
[16]. Ina South African plant, however,
as much as 130 mg PO-P/L were
measured in the supernatant [17], lead-
ing together with particulate P to con
siderable reloading of the primary efflu-
ent.

If che precipitation of residual phos-
phorus is not needed in the activated
sludge treatment, several possibiliries
exist for decreasing P in the digester
supernatant:

* Direct dewatering of the excess
sludge or pre-dewatering and mixing
with digested primary sludge in the

sludge storage tank. Due ro the high
solid retention rime of the sludge in
the activated sludge system (16-20
days), the excess sludge is usually
largely mineralized, and additional
digestion would not result in a fur-
ther decrease in the amount of shudge.
This procedure is, however, only
possible when the sludge is subse-
quently dried or not used as fertilizer
in agriculture as the disinfecrion step
is omitted.

s Treating the digested sludge or the
supernatant with iron or magnesium
salts in order to precipitate the dis-
solved phosphorus.

» Removal of P stored in the form of
polyphosphate from the activated
sludge in the side stream flow (phos-
trip-process) and precipitation of the
dissolved phospharte with lime, mag-
nesium or iron. The phosphare-poor
presreared excess sludge can then be
thickened and digested rogether with
the primary sludge.

Summary

In order to decrease the nitrogen load,
to improve the sedimentation proper-
ties of the sludge and o reduce the
energy consumed by zeration, medium-
sized and larger sewage treatment plants
should run a limited pre-denitvification
in the future. Preliminary experiments
suggest chat for typical Swiss domestic
wastewater, a nitrogen removal of 60—
70% can be achieved with 30% anoxic
volume, in spite of considerable
amounts of oxygen entering the denitri-
fication zone. In the course of denicrifi-
cation, a part of the alkalinity needed in
nitrificarion is recovered, which leads to
more stable pH conditions for soft
water. Fears that denitrification might
lead to increased emissions of nitrous
oxide are unfounded.

Astheamountof precipirating sludge
can clearly be reduced by enbanced
biological removal of phosphorus, one can
assume that the integration of a biclog-
ical phosphorus removal system into a
well denitrifying system wouid not lead
to a significant enlargement of tank
space. The nonaerated reacror space
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would be increased at the expense of the
aerated space. The thickening or dewa-
tering of the excess sludge has to rake
place separarely, however, as the anaero-
bic conditions would' cause a partial
redissolution of the biologically bound
phosphate.

To date, the microbiological mecha-
nisms of polyphospharte storage are not
well understood. Denirtrificacion and
the biological removal of phosphorus
are very much dependentonavailabilizy
of easily degradable dissolved organic
compounds in the influent wastewater.
As a consequence of the preoxidation of
the wastewater in sewers and the dilu-
tion of wastewarer by extraneous water,
the fraction of easily degradable organ-
ics in Swiss domestic wastewazer is
usually small. Consequently, over the
next 2-3 years, several projects at the
EAWAG will focus on denirrification
and the enhanced biological removal of
phosphorus as well as interactions with
sewage sludge treatment.
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Current projects at the EAWAG in the field of nutrient removal

* Kinetics of nitrous oxide preduction in denitrifying sewage treatment plants (R. von
Schulthess, W. Gujer) :

« Acidification of primary sludge for the production of easily degradable substrate for
the enhanced biological remaval of phosphorus. Redissolution and precipitation of
phosphate - during the mesophilic digestion of excess sludge from enhanced
phasphorus removal plants (D. Wild, W. Gujer, H. Siegrist)

* Population dynamics in the mixed biocenosis (1. Purtschert, W, Gujer)

* Dynamic modelling of énhanced biological phosphorus removal {M. Maurer, W.
Gujer)

» Investigations on denitrification and enhanced biological phosphorus removal in the
sewage trearment plants of Werdhilzli and Neugut (D.Baschnagel, C. Bernhard, L
Brunner, G. Koch, M. Kithni, H. Siegrist, W, Gujer)

* The microbiology of enhanced biological phosphate removal in domestic sewage
treaement plants {R. Hesselmann, H.E Kohler, A.].B. Zehnder)

» Physiological regulatibn of the accumulation of polymers in bacteria (S, Frank, T.

Egli).

* Mechanisms and practical areas of application of magnetic water treatment

apparatus {R. Miiller, B. Wehrli, H. Siegrist).

{8] Ubukata Y. and Takit S, (1994), Induction
methed of excess phosphare accumulation for
phosphate removing bacteria isoluwed from
anaerobic/aerobic activated sludge, 17" Bien-
nal International Conference, Budapese, Vol 1,
pp- 121126,

9] Appeldorn, KJ., Ecological aspects of the
biological phasphate removal from wastewa-
ters, Pl.D. Thesis, Wageningen, The Nether-
lands, 1993,

{10} von Schulthess R, (1994), Die Emmission von
Lachgas {N,O) in denierifizierenden Belehung.
sanlagen, Diss. ETH Nr. 10790.

{11] Mauger M. and Gujer W, (1994), Prediction of
the performance of enhanced binfogical phos-
phorus remaval plangs, 17% Biennal interna-
tional Conference, Budagest, Vol 1, pp. 207-
216.

{12} Henze M., Gujer W, Mine T, Mawsuo T,
Wenrzel M.C., and Marais G.vR. {1994},
«Activated sludge Model No, 2, IAWQ Scicn-
tific and Technical Reports, No, 3, IAWGQ,
London, in press.

£13} Jardin N, and P&pel H .., Phosphate Fisation in
Sludges from Enhanced Biological [Removal
During Swabilizacion. In: Chemical Witer and
Wistewater Treatnent {11 Edited by R, Klute
and H. H. Hahp, pp. 333-372, Springer
Verlag, Berlin, 1994,

{14} Wik D., Kisliakova A., and Stegrist H. (1994},
Die Ausfaulung von Schlimmen aus der er-
héhien biologischen P-Elimination: Ziele und
gegenwirtiger Stand der Forschung an der
EAWAG preseared av the Workshop: “Aus-
wirkungen der ethishten Phosphoreliminasion

auf die Schlammbehandlung”, Darmstad,
2425, 11,

{15] Borgeeding J. (1971}, Phosphaze deposits in
digestion systems, J. Wat, Polt, Conrol Fed., 5,
813-819.

{16} Baumann 2 (1991) Uneersuchung der biologis-
chen Phosphatelimination bet gleichzeitiger
Stickstoffelimination auf der Kliiranlage Whaib-
lingen, Korrespondenz Abwasser, 38, 191-
198.

{17} Pitman A. R, Deacon S. L., Alexander W. V.
(1991}, The thickening and treazment of sew-
age shudges o minimize phosphorus release,
War. Res., 25, 1285-1294.

Peter Reichen

Concepts underlying a Computer
Program for [dentification and
Simulation of Aquatic Systems
1354, 158 3-905484-08-4

Schriftenraihe der EAWAG Nr.7

Peter Baceini ang Barbara Gamper
Deponierung fester Rickstinde
aus der Abfallwirtschaft
Endiager-Cualitdt am Beispiel
Kehrichtschlacke

1984, Fr. 6270, 1SBN 3-7281-2105-8

vdf Hochsehulvaslag AG an der ETH
Auslisferung: Wistschalt und Handel Verlags AG,
Postfach 556, CH-6318 Unterdgen

Tel. G42/72 10: 26, Fax 842/7213 33




EAWAG RBWS 37 E, January 1995

Barbara Sulzberger

The Rol

Ol

e of Iron
in the Photochemical
Transfor:

ation of

utants

Due to its ubiquity and reactivity in aquatic and terrestrial ecosystemns,
iron is a key player in the transformation of pollutants - in both aerobic
and anaerobic environments. In aerobic systems-—atmospheric waters,
surface waters, and soil surfaces - light plays the same role as
microorganisms in catalyzing some of the iron-dependent processes.
The following examples illustrate the role of light-induced fron cycling,
invalving iron oxides, in the transformation of pollutants.

Iron-mediated photooxidation
of EDTA in surface waters

Why do we have o consider iron oxides
— not just dissolved iron species — in
evaluating the role of light in the
transformation of poliutants in surface
waters? The reason is due 1o the ex-
tremely low solubility of ferric iron
[Fe(1I)1 under surface water conditions
which depends both on pH and the
concentration of strong iron(iil)-bind-
ing ligands. Examples of iron{IIl)
(hydrjoxide phases that are commonly
found in surface waters include -
FeQOH (lepidocrocite), o-FeOOH
(goethite), o-Fe,O; (hematite), and
amorphous iron{Ill) hydroxide {ferri-
hydrite}.

Many hydrophilic compounds that
form stable complexes with Fe(I1]) also
form stable complexes on the surfaces of
iron(ll) oxides or hydroxide particles
and colioids [1}. A good example is
ethylenediaminetetraacetate {EDTA).
In sewage treatment plants, EDTA is
not removed by wastewater srearment
[2]. A powerful chelating agent, the
environmental hazard of EDTA lays in
its potential to mobilize roxic metals
thar are associated with particles and
colloids, thereby preventing them from
being removed from the water column
{e. g., by sedimentation lakes). Dis-
solved Fe(JIN-EDTA complexes are
readily photolyzed which results in

oxidation of the EDTA and reduction
of the Fe(lI). This is an importans
pathway for EDTA degradarion in sur-
face waters where the EDTA input
occurs in the form of dissolved Fe(I1[}-
EDTA [2].

What abour the fate of EDTA if iss
inpur to a natural water body does not
oceur in the form of dissolved Fe(III)-
EDTA? Laboratory experiments have
shown that EDTA is photooxidized
in a lepidocrocite suspension to which
EDTA has been added as uncomplexed

ird
etof -
g
§ 6108 -
8
£ a0 |-
2
FelIHENT
8 2505 [Fe(llhED A]aq |
o |
¢ 75 150 225 300 375 450
Time (minutes)
Fg 1
Concensrations  of CHLO,  Felil), and

Fe(ITDEDTA,, as a function of time upon
irmadiation of an aerated g-FeOOH suspension
(0.05 g L) ar pH 7. EDTA was added
as uncomplexed EDTA ar an initial concentra-
tion of 10+ M. The light sonrce was polychro-
matic light from a 1000W high-pressuere xenon
lamp. The incident light intensity was abonr
0.5 EWing.

EDTA [3]. In addition to CO,, formal-
dehyde (CH,O) is one of the oxidation
products (see Fig. 1). Figure 1 shows
thar dissolved Fe(IID-EDTA is akso
formed and degraded upon irradiation
of a lepidocrocite suspension contain-
ing uncomplexed EDTA. This means

.that the photooxidation of EDTA in

such a heterogencous system occurs
through the interplay of surface and
sclution photoredox reactions. Photo-
oxidation of EDTA is accompanied by
phororeduction of Fe{lll). At pH 7,
however, dissolved Fe(I) is readily reox-
idized by oxygen and other oxidants of
Fe(Il), and Fe(I1I} evencually re-precip-

irages.

Iron-mediated photooxidation
of bisulfite (HS03) in
atmospheric waters

Iron is emitted from the Earth’s surface
into the atmosphere in the form of
particulate iron — so-called iron-con-
taining aerosols. Aerosol particles are
incorporated into cloud water through
impaction or differential sertling. In
atmospheric warters, iron undergoes
photoredox cycling to yield dissalved
Fe(il) [4-8], one impartant reacrion
being photoreductive dissolution of
particulate iron [4]. Apart from organic
reductants (e. g., oxalate, formate, and
aceeate), bisulfite is also involved in
reductive dissolution of particularte iron
in atmospheric waters [4]. Bisulfite
forms complexes on surfaces of atmo-
spheric Fe(IIl) (hydr)oxides, followed
by exidation to the highly reactive SO
radical with subsequent reactions with
H,0 and O; 1o form sulfuric acid and
superoxide (O3), respectively. The elec-
tron rransfer within the surface complex
is enhanced by light. Photooxidarion of
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=FelllOH

=FeliC,0,Fell "

Fg 2

Sehematic representation of the vedox cycling of iron in the presence of oxalate and light. The species
surrolended by an aval are dissolted species, and those in a square frnge are surface species. The symbol
= stands for the surfoce af an Fe(lI) (hydvloxide, and Ox for oxidanss of dissolved and surface Fe(1l),
fe, HOJSO5, HOs, and O,

HSO;" is accompanied by photoreduc-
tive dissolution of the solid phase [4]:

values and/or relatively high concentra-
tions of Fe(Il1}-complexing agents such
as oxalate, Fe(ll) is prevented from

HSO;+=FeOH & =Fe"0S0; + Hy0 ralawe
precipitating. As a consequence, the
=Fe'030, vy 505 +=Felll) redox cycling between dissolved iron
<. . species is likely to play a major role in
S0+ 0,4 M0 > HaS0:+ 0 the oxidation of H50;3 [6]. The iron-
=fe{ll)+ 2 K wy Pl 15 dependent photooxidation of S{IV) in

{The symboi = is a short hand notation of the
surface of an irontlit thydrioxide )

atmospheric watess is also linked 1o the
redox cycling of copper [G}.

Since the rate of Fe(Il) oxidation in-
creases with increasing pH and because
* armospheric waters are often acidic,
large fractions of total dissolved iron
have been found in the reduced state
[Fe(I}] [5]. Furthermore, in atmo-
spheric waters with relatively low pH

Aquatic iron cycling in the
presence of oxalate

Aquatic iron cycling in the presence of
oxalate and light has been studied
thoroughly in both homogeneous and
heterogeneous systems [7-9]. Although

[t}
(2]

9]

W, Sturm (1992}, Chemistry of the Solid-Witer Interface, Wiley-Interscience, New York.

E G, Kari (19943, Umwelpverbalten von Ethylendiamintetrancerar (EDTA) unser spezielier Beriicksich-
tigung des photochemischen Abbaus, Disserration ETH Zarich, Nr. 10698

G. Karamerasas, 5. Hug, and B. Sulzberger, Photodegeadation of EDTA in presence of colloidal iron,
Environ, Sci, Technol., submitred.

w1, R, Hoffmann (1990, Catalysis in Aquatic Environments, Ins Aquaric Chemical Kinetizs, W, Stumns,
Ed,, Wiley-Interscience, New York.

N. Korronaru, and L. Sigg (1993), 50, oxidation in atmospheric water: Role of Fe(l]) and effect of
ligands, Exviron. Sei. Tecknal 27, 2725-2735.

D. L. Sedlak. and }. Hoigné (1994), Oxidation of $(1V) in atmespheric water by photooxidants and iton
in the presence of copper, Envdron. Sci. Teclmol., in press.

¥, Zue, and L Hoigné {1992), Formation of hydrogen peraxide and depletion of oxalic acid in
armespheric water by phatolysis of iron{l1T-oxalato complexes, Eneiron. Sci. Technof, 26, 19141022,
D, L. Sedlak, and J. Hoigné (1993), The role of copper and oxafare in the redox cycling of iron in
atmospheric waters, Aemos. Environ. 27A, 2173-2185.

C. Siffert, and B, Sulzberger (1991), Light-induced dissolution of hematite in the presence of oxalate:
A case study, Langmir 7, 1627-1634.

{10] R, ]. Kicber, and R. H. Helz (1992}, Indirect photoreduction of agueous chromium{V1), Ensiran. Sei.
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not a pollutant, oxalate is an important
environmenzal compound for a num-
ber of reasons:

(i) relarively high oxalate concentra-
rions are found in armospheric waters as
well as on sail surfaces in agricultural
and forested ecosystems;

(ii) oxalate is 2 model compound for
humic and fulvic substances which play
a major role in lighr-induced iron cy-
cling in surface waters; and

(ii1) photoreactions of oxalate with
iron lead ro the formation of both
reactive oxidants and reducrants, as is
discussed below.

The main reactions of the light-
induced redox cycling of iron in the
presence of oxalate are schemartically
shown in Fig. 2, a very much simplified
scheme for complex natural systems!
Oxalate is photooxidized by two parh-
ways:

(i} via photolysis of Fe(IIl)-oxalate
surface complexes (EFet'C,0j), and

(ii} via photolysis of dissolved Fe(I1I)-
oxalate complexes (Fel'l(C,0,)3*".

Thereby, ferric iron is reduced. The
oxalate photooxidation and subsequent
decarboxylation result in the formation
of the strongly reducing radical, CO3.
This radical reacts with oxygen to yield
superoxide (O3), an important precur-
sor of hydrogen peroxide (H,Q4). It has
been shown that photolysis of Fe(Ill}-
oxalate complexes and subsequent reac-
tion of the photoproduct CO; with
oxygen is a major source of F,0,,
another important oxidant of S(IV} in
azmaospheric waters [7]. Iron(l) is re-
oxidized, either ac the surface or in
solution (=Fe(fl) or Fe(Il),, in Fig. 2,
by oxidants such as HO./O3, H, 04, or
O, (summarized with "Ox" in Fig. 2).

Ferric iron resulting from the oxida-
tion of Fe(Il) either undergoes precipi-
ration or is stabilized at low pH values
by forming Fe(II}-oxalate complexes.
These dissolved Fe{lll)-complexes can
also be formed by an additional path-
way involving a ternary surface com-
plex, =Fe™C,0,Fe'*. An important
feature of the light-induced iron cycling
shown in Fig. 2 is che following: phorol-
ysis of both the Fe(Ill)-oxalate surface
and solution complex results in forma-
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tion of Fe(11}, either at the surface or in
solution, and the strongly reducing
radical CO3 is also formed. These
reductants may play an important role
in the reduction of pollutants such as
chromate [10]. The question is whether
or not reaction of Fe(Il) or CO7 occurs
faster with such pollutants chan with

HO:/O:, HIO:A_, or Og_.

Conclusians

In evaluating the role of iron in the
photochemical transformation of pol-

lutants, both surface and solution pro-
cesses have to be taken into account.
This is because iron chemistry is heter-
ogeneous. Furthermore, iron plays a
diverse role: iron is likely to be involved
in the directphotochemical cransforma-
tion of many hydrophilic compounds
such as EDTA and bisulfire, while it is
also involved in the indireer photo-
chemical transformation of pollutants
since reactive oxidants (e. g., H.O.) and
reactive reductanss [e.g. Fe(Il)] are
formed through the light-induced re-
dox cycling of iron. The role of phato-

chémically formed Fe(ll} as a reducrant
of pollutants needs to be further ex-
plored. The insights gained from che
study of light-induced iron cycling, as it
occursin atmospheric warers, in surface
waters, and on soil surfaces, are needed
in light of using iron oxides for photo-
chemical watewater treatment.

Reflections on High Water

Theugh the Chriesbach flows through
an area of former marshlands, it still
plots a well defined course over a
consolidated river bed adjacent to the
EAWAG in Diibendorf. The high pop-
ulation densicy in the regions precludes
any attempt to restore the former
marshlands, and the stream contains

2

Left: Chriesbach ou the rainy day of 19 May 94.

copious amounts of purified sewage
and, therefore, possesses high nutrient
levels. The plant life is incredibly rich
and varied. In places, however, the
resule is an excess of aquatic macro-
phytes (=weed build-up).

During periods of very high flow, the
floor of a natural stream is regularly

Photos: Andteas Frutiger

S A AL

churned up, thereby greadly increasing
concentrations of suspended solids
(readily identified by their colos). As a
result, high levels of particle-bound
substances (e. g., total phosphorus or
heavy metals) are transported during
periods of high fow, with potentially
negative implications for discharge into
lakes, Nevertheless, the ecologically vi-
wal interstitial areas of a river bed (hy-
porheal) remain habitable for small
animals, -

o 7

Righe: the swme locarion three weeks later.
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Unforwunately, these mecha-
nisms do not function in the
Chriesbach. As revealed by the
photo on the right {taken on 6 June
1994}, even the force of the very
high warter occurring on 19 May
1994 (lefr} was insufficient to break
up the river bed and eliminate
infestarion with flowing crowfoor.
This was partly due to the high
degree of obstruction. The minimal
slope of the river bed has allowed it
to become compacted, its soil pores
have clogged up, and weed infesta-
tion is severe. Animal communities
have become depleted. The prob-
lem is aggravated by the aquatic
plants (particularly Ranwncilus fli-
itans) which stabilize the stream
bed and promote the sedimenta-
tion of fine particles. These aquaric
plants are regularly cut 1o preserve
the hydraulic performance of the
watercourse. Studies by the Lim-
nology Department [1,2] have re-
vealed that the plant stock recovers
within a few weeks and that rapidly
growing plants are selectively en-
couraged by the regular cutting,

A free-flowing meadow stream

serves as the ideal example of natu- -

ralization. Bordered on both sides
by shrubs and trees, a meadow
stieam can meander freely, thus
continually rearranging its bed
with the passage of time. A corre-
sponding redesign of the Chries-
bach could keep weed infestation
under control, since the main prob-
lem is not necessarily the high
nutrient content, as is often as-
sumed, bur the excessive exposure
to sunlight and the lack of bed-load
traAnsportation.

Diana Hornung

1993 EAWAG dissertations:

{1] Tania  Schellenberg «{kologische
Beurreilung und Reanturicrungsmégli-
chkeiten des Chricsbachess (Ecological
assessment and renaturation options for
the Chriesbach}

2} Sandra Hocevan: "Okologische Bedeu-
cung der Maksophyten im Chriesback”
{Icological significance of macrophytes
in the Chriesbach)
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PEAK: EAWAG's Environmental Education Program

PEAK: Past and Future

On 13 September 1993, the first
PEAK course was offered at the
Limnological Research Center in
Kastanienbaum. Thirteen partici-
pants attended the one-week ap-
plied course on “The Significance
of Stream Morphology and Typolo-
gy for Wazer Organisms”. The pos-
irive response of early participants
resulted ina great rush o sign up for
other scheduled courses. All sched-
uled courses have taken place as
planned, in addidon o the 1993
InfoDay.

Courses A2/94 “Chemical Envi-
ronmental Analysis: Concepts and
Methods” and V2/94 “Merals in
the Aquatic and Terrestrial Envi-
ronment” were fully booked short-
ly after being announced. A2/94
was repeated in October 1994 and
will again take place in late Novem-

ber 1995. Since PEAK's role is
primarily to communicate new re-
sults and knowledge from current
EAWAG research, course repeti-
tions are the exception — not the
rule.

We regard it as important 1o
optimize the course contents and
teaching methods. We, therefore,
very much welcome crisicism, re-
quests and suggestions. We profic
from the knowledge and experience
of our participants and regard the
events as a means of establishing
new contacts. Not all the subjects
covered by the EAWAG can be
presented sufficiently frequently in
PEAK evenws. Our staff conse-
quently also participates in further
education courses run by other
institutions and lecture ar a wide
variety of funcrions.

Postgraduate Course in
Urban Hydrology and
Water Protection

From late 1994 onwards, the
ETH Ziirich is offering the
postgraduate course “Urban
Hydrology and Warter Protec-
tion”. Part of this postgraduate
course will run in concentrated
form; that is, in block modules,
generally owo-week courses on
selected ropics. Various PEAK
events can be incorporated as
block modules in the postgrad-
uate course. To complete the
course, postgraduate students
must artend courses to a “value”
of 20 credit units. Atrendance
for the entire course is compul-
sory for those wishing to receive
a course certificare.

 The second date in the following
table applies for all those who
wish to gain a course ceriificate
with credic enirs.

* For other participants, the sec-
ond part of the courses is op-
tional.

o PGC indicates those courses
" which can be incorporated into
the postgraduate study course.

» The figure in brackets shows the

available number of credit units

(CUs}.

For additional information, please con-
tact Heldi Gruber or Herbert Giittinger:

EAWAG

Secretariac PEAK
Uberlandstrasse 133

8600 Diibendorf

Tel: ++41-1-823 53 93
Fax:  ++41-1-823 3375
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PEAK* Pﬂ'ogram for 1995  (cus-creditunis)

6-10 {~17} March 1995 Systems Analysis and Reactor Technology

PEAK Applied Course A3/95
PGC (5 CUs)

12-16 June 1995

PEAK Advanced Course V4/95

3-7 (~14) July 1995

PEAK Advanced Course V5/85 -

£GC (5 CUs)

11-22 Sept 1995

PEAK Applied Course A4/95
PGC {5 CUs}

19-21 Sept. 1995

PEAK Advanced Course V6/95
PGC {2 CUs}

12 September 1995

information Day 1985

26-28 Sept 1995

PEAK Basic Course B3/95
PGC {2 CUs)

2-6 (~13) Oct 1995

PEAK Advanced Course V7/85
PGC (5 CUs)

29 Nov - 1 Dec 1995

PEAK Applied Course A2/25

Waste water treatment systems: design, modelling and control of
chemical reactors

Course Directors: Markus Boller, WHli Gujer, Hansruedi Siegrist

Water Supply and Sanitation in Developing Countries

Technical, social and medical principles of water supply systems:
treatment and recycling of fecal material, wastewater and domestic
wasie

Course Directors: Roland Schertenleib, Martin Strauss, Martin Wegelin

Chemistry and Treatment of Drinking Water

Principles, problems and applications of chemistry of drinking water
theory and technology of drinking water treatment -
Course Directors: Markus Boller, Urs Von Gunten, Jiirg Hoigné

Stream Ecology and Hydraulic Engineering

Modern approaches to the assessment and evaluation of running
waters: methods for the interdisciplinary treatment of hydraulic
engineering projects and concepts for stream design

Course Directors: Michael Hitte, Armin Peter, Matthias Oplatka (VAW)

The Material Flow Analysis Method for Regionail
Rescurce Management
Coping with shortages in the regional use of resources {e. g. water,

biomass, minerals). Early warning tools, resource planning and urban’
development.

Course Diractors: Peter Baccini, Barbara Gamper

Trace Elements in Water and the Environment
Coordinators: Theresa Bilsser, Walter Giger

The Problems of Chemical Contamination of Ground
Water

Sedimentological and hydrogeclogical system parameters. Concepts
of ground water flow and mass transport in ground water, stimujus
response principle, field reconnaissance methods (geophysics, drill-
ing, tracers).

Course Directors: Peter Huggenberger, Eduard Hibn, Urs Von Gunten

Environmental Biotechnology for Pollutant Degradation

Microhial transformations of organic compounds in the environment.
Biochemistry and muolecular biology of the degradation of selected
pollutants. Influence of growth and environmental conditions on
degradation properties. Aspects of in situ analysis of biodegradation.

Course Directors: Thomas Egli, Christof Holliger

' Analytical Chemistry of Poliutants: Concepts and

Methods

{2nd repetition of course A2/34 of 23-25 March 1994) State-of-the-art
chemical analysis of water, soil and air. From sampling to data pro-
cessing.

Course Directors: Walter Giger, Christoph Moot Marc Suter

*PEAK = German acronym for Praxisorientierte EAWAG-Kurse
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Urban Hydrology Group

Personnel changes in the Departe-
ment of Engineering Sciencies ...
Two members of the Urban Hy-
drology Group were appointed
professors in the summer of 1993:
Wolfgang Schilling at the Trond-
heim Technical University in Nor-
way and Matthias Grottker at
Litheck Coliege. Viadimir Krejci
has been working for several years
in the Engineering Sciences De-
partment, investigating and devel-
oping concepts for improving ur-
ban drainage. He is currently on a
sabbarical year in his native Prague,
where he plans to establish an urban
hydrology group.

Two new individuals joined the
our group in January 1993, filling
the gaps left by the aforementioned
departures and bringing in fresh
perspectives. Peter Krebs studied
civil engineering at the Federal
Institwte of Technology {ETH]) in
Ziirich, completed the EAWAG
postgraduate course in Sanirary
Engineering and Warer Pollurion
Control, and completed his doctor-
al dissertation on currents in sec-
ondary settling tanks at the Labora-
tory of Hydraulics, Hydrology and
Glaciology (VAW). In recent years,
he s been a research engineer at
Karlsruhe Technical University, in-
vestigating the mathematical and
experimental modelling of wrbu-
lence and densiry effects in hydrau-
lics. In 1991, he was awarded the

Front L so 1.2 Bernd Harnuth, Georg Smehil, Sonja Gammieser, Rolf Fankhavser, Peser Krebs, Pecer Merz and Viadimir Krejei

“Otwo-Jaag Water Conservation

Prize” and the following year re-

ceived the “Pergamon Publicatons
Medal” for his paper ac the 1990
IANW/PRC-Biennale in Kyoto, Ja-
pan. Georg Smehil emigrated 1o
Switzerland in 1968 after studying
surveying at the Technical Univer-
sity in Prague. He has since been
involved with computer applica-
tions relating o geo-information
systems (GIS) in surveying. He has
directed  an  interdisciplinary
project in which the basic survey
parameters for the city of Ziirich
were numerically revised and trans-
ferred o a digital nerwork informa-
tion system. As a result, Zirich is
now one of the best surveyed cities
in the world. At the EAWAG,
Smehil will be adapting the GIS, a
system that can process much more
than just survey dartz, to the needs
of urban hydrology.

The rest of the group, composed
of physicist Dr. Rolf Fankbauser,
biologise Senja Gammeter(doctoral
student), drainage engineer Perer
Merz {docroral student) and elec-
wical engineer Bernd Harmuth, is
currently completing the project
on “Integrated Urban Drainage —
Fehraltorf: A Case Study”, whose
aim is to demonstrate appropriate
technical and environmental solu-
tions for urban drainage in Swiczer-
fand. The results of this study were
presented ar the VSA Conference

)

an 2 September in Ziirich. Their
data will subsequently be evaluated
in terms extending beyond the
confines of the Fehraltorf projece as
part of a study on the effects of
spatiai variability of rainfall intensi-
ty on regional drainage. The inte-
grated approach to urban drainage
employed in the Fehraltorf study
will remain a key element of the
Urban Hydrology Group efforts
and will be further developed in its
subsequent research activities. In
this context, the GIS can be used
for preparing data structures that
allow the ropography of the catch-
ment area to be correlated with data
on ground sealing and permeabili-
gy, siting, structure and inclines of
sewage networks and with dara on
spatiaily-based precipitation. The
GIS will also be used to incorpo-
rate, for example, information .on
groundwater protection zones or
potential pollution sources in in-
dustrial areas within urban drain-
age plans. Suitable interfaces have
been developed to allow urban
hydrology programs to access the
(GIS database which uniil now, have
had 1o be entered manuaily.

...and the development of future
research activities based on updat-
ed principles

Methods for drawing up regional
water surveys should be developed
and refined and include informa-
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tion, not only on the precipitation-
drainage ratio, but also on seepage,
groundwater formarion and urili-
zation, interactions with receiving
waters at high warter and conerol
options for the drainage system.
Finally, dynamic simulations of the
water balance should be extended
to include substance-specific data
to allow their use as a tool for
preparing suitable strategies for the
long-term management of water
resources.

The following marginal areas of
urban drainage involvinga number
of specialist disciplines will be
addressed via a comprehensive ap-
proach:

* the effects of type and frequency
of sewer overflows on water qual-
ity and the ecology of the receiv-
ing water;

¢ the effect of mezeoric water seep-
age on ground water in conjunc-
tion with the “Water as Re-
source” group; and

* the interaction berween process-
es in the drainage system and in
wastewater treatment plants in
conjunction with the process en-
gineering group.

Although a knowledge of other

respective specialist areas has until

recently been considered a mar-
ginal requirement for performing
one’s own investigations, 0o at-
tempt has been made to oprimize
the system as a whole. Control of
the drainage nerwork and utiliza-
tion of the main sewer preceding
the wastewater treatment plant as

a reactor volume represent key

sources of barely tapped potential

for improvement. Although the

Urban Hydrology Group is cur-

rently passing through a phase of

saaff change, its future is being
planned in an inspiring environ-
ment.

Peter Krebs

Surface Microbiology

in the popular imagination, bacze-
ria busily swim about in liquids. In
natural systems, however, this im-
age only applies to a small propor-
tion of microorganisms, since soils
and sediments — not 1o mention
whale bodies of water which are
rich in particles — possess a variety
of interfaces to which bacresia are
ateracted. The Surfaces Group was
established lase surmmer within the
Department of Microbiology
investigate the interactions be-
rween bacteria and various types of
solid, liquid and gaseous phase
boundaries.

Bacrerial adhesion to surfaces
{biological or inanimaze) initiates
the formation of so-calied biofilms,
complex immobilized living com-
munities made up of a variery of
microorganisins embedded in a
matrix of polymers. This lifestyle is
evidently beneficial to bacteria
since, in narure, the greatest concri-

bution to microflora is made by
biofilms. Conversely, biofilms may
be detrimental to man. Most peo-
ple are unaware, for example, that
when brushing their reeth in the
morning they are removing a bio-
film that has grown overnight, Mi-
crobial growth on medical implants
is just as harmful as is the bacrerial
contamination of the inner surfaces
of drinking water, pipes. Bacrerial
adhesion can, however, with theaid
of biotechnology, be exploited to
obrain environmental benefits, We
are currently investigating the im-
mobilization of specific pollutant-
degrading bacteria at the site of
contamination of soils or ground-
water layers. As a rule, bacrerial
adhesion must be taken into ac-
count when applying the results
obtained with bacrerial liquid cul-
cures to patural systems.

As part of her docroral disser-
tation, Barbara Jucker is currentdy

The new Sufices Group in the department of micorbiology (from left to righs):
Anke Schifer, Hauke Harms and Barbara Jucker during a w/rmm test 1o fnvestigate the

transport af bacteria through peroiis media.

Hake Harms studied biology at the University of Hamburg, specializing in microbiology,
biochemiitry aud botany. In bis doctoral dissersation, under the supirvision of Profi. P
Formagel and W, Francke, be studied the bacterial degradation of dioxin-like compounds.
He then spent a year investigating the “cold” degradation of explosive substances. As a
Fellew uf the EERO (. European Envirermenial Research Ovganization), he spent the nexe
fwa years investigating the aceteity of pollnsni-degrading microorganisms in soif model
systems at the Agrienlral University in Wageningen, The Netherlands.
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investigating interactions ar the
molecular level berween bacreria
and surfaces. Her goal is to identify
the specific forces involved in bac-
terial adhesion. She is analyzing the
chemical composition of bacterial
surfaces, using infrared spectrosco-
py and other sensitive measuring
methods to identify the bonds thar
arise berween bacterial surface
polymers and solid surfaces during
adhesion. The focus of Awke
Schéfers docroral work is the effece
of bacreria on pollutant transport
in unsaturated (three-phase) soils.
She is currently investigating the
phenomenon of bacterial accumu-
lation at the air/water interface.
The Surfaces Group is headed by
Hawke Harms, who is studying
surface influences on bacterial ac-
tivity, e.g. the ability ro degrade
pollutants. To this end, he is using
bacteria chat use dioxin-like com-
pounds as a growth substraze and
investigating their breakdown per-
formance in various ground model
systems, e.g. using columns filled
with glass, Teflon or sand.
Hanke Harms

Molecular Ecotoxicology

Organisms have an adapration po-
tential that allows them to grow
under continuously changing con-
ditions such as fluctuations in tem-
perature, pH, salt concentrations,
light intensities and substrate avail-
abilities, For oprimal merabolic ac-
tivity, the conditions inside cells
should, despite the changes in their
environment, be keptconstant (ho-
meostasis). To maintain cellular
homeostasis, organisms have com-
plex regulatory circuizs that some-
how sense the changes in their
environment or detect the presence
of growth substrates and transtate
these signals to molecular cues in-
side the cell. Ultimately these sig-
nals will lead to an impulse-specif-
ic, fine-tuned response of the cellu-
lar metabolism such thar the
organisms can cope with the
changed environment. In additon
to environmental fluctuations, or-
ganisms are challenged by rtoxic
compounds. Within certain limits,
organisms can resist this challenge
in often unknown ways and main-
tain cellular homeostasis. If adap-
tive responses fail for some reason
or if the concentrations of roxic
compounds are too high, damage
may occur, leading to disturbed
metabolic acrivisies and ultimarely
to cell death. Irreversible toxic ef-
fects on single cells obviously af-
fects the population and the entire
ecosysiem.

The purpose of the new research
group in Molecular Ecotoxicology,
which was established in January
1994 within the department of
microbiology, is to understand the
interactions between toxic com-
pounds and organisms on the mo-
lecular level. The influence of toxic
compounds on the adapration
potential of organisms — which is
required for flexibility — will be
examined. Likewise, the defense
systemns in organisms that are ex-
posed to toxic compounds will be
studied. Currently, green algae are
used as model organisms in projects
thar are focused on the influence of

Rik I L. Eggen obeained bis Ph.D in 1989
in the Department of Molecular Bislogy at
the Agricultwral University in Wigenin-
gen, The Netherlands, His research in-
volved replication of plant viruses and was
condcted nnder the supervision of D A.
van Kammen and Prof. Dr. R W, Gald-
bach.

From 1989 to 1994, first as a posteloctoral
Jellow and then as a wiiversity lecrurer, be
was a member of the bacterial genetics
research group of Profl De. W M. de Vos in
the  Departmens  of Micrebiology in
Wigeningen. His research during this peri-
od focused on engymaric regulation i
methanogens and on adaptation mecha-
nisms of microorgamisns thar live ar
100°C.

increased concentrations of radicals
in the cell or their environment,
These radicals are present in the
environment due to chemical reac-
tions or may be generated by the
algae chemselves in response to
variaus toxic compounds like heavy
metals, nirroaromarics, herbicides
or UV radiation.

Ril 1. L. Eggen
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Molecular Surface Chemistry

Introduction

The goal of molecular surface
chemistry is an understanding of
surface scructures and reactions ac
the molecular and atomic level.
Only through such a detailed un-
derstanding is it possible to estab-
lish surface strucrure-reactivity re-
lationships and to develop madels
which account for the complexiry
of surface reactions in the environ-
ment. Surface reactions occur in all
compartments of the aquatic envi-
ronment: in sediments, sueface wa-
ters and in atmospheric water. A
few examples are adsorption/des-
orprion and transport of heavy
merals and organic pollurants, re-
lease and retention of poliutanes
during the dissolurion and forma-
tion of solid phases, chemical and
photochemical  transformarions,
formation of reactive oxygen spe-
cies, adhesion of bacteria on surfac-
es, surface modifications by bacte-
ria (e. g., by sulfate- and iron-
reducing bacreria), and reactions
on biological surfaces.

Previous investigations at the
EAWAG

The interest in molecular surface
chemistry has a long tradition at
EAWAG. In recent years, it has
become possible to probe surface
seructures directly by a variety of
techniques. Our interest is mainly
in methods that enable us to study
surfaces in the presence of water
and air; that is, under narural envi-
ronmental conditions. In collabo-
raton with Prof. A. Schweiger
{(ETH Zirich), magnetic reso-
nance methods have been applied
to study the surface strucrure of
adsorbed heavy metals (Cu,Cr) {1].
In addition, we are collaborating
with Prof. Alain Manceau (Univer-
sity of Paris) for the application of
EXAFS (extended X-ray absorp-
tion fine structure spectroscopy)
for the structural analysis of manga-
nese {hydrjoxides [2]. About four
years ago, the EAWAG acquired a
Scanning Tunneling and Artomic

Force Microscope (STM/AFM; see
the article by C. Eggleston in this
issue) and a Fourler Transform

Infrared Spectromerter (FTIR) [3].

Current activities and develop-
ments

Ourcurrent research interestsare in
the application and further devel-
opment of STM/AFM and FTIR.
These methodsare complementary
in that FTIR is suited for the
characterization of polyatomic sus-
face adsorbates, while STM/AFM
is useful for the investigation of
atomic and topogeaphic surface
seructures, as described below,
FTIR measures molecular vibra-
tions with infrared light which
provides information about the
type and structure of surface adsor-
bates. During the past year, we have
developed a method that employs
ATR {ATR = actenuared toral re-
flection) elements coared with
mineral powders and thar allows
the measurement of surface spectra
as a funcdon of solution parame-
ters. With this method, we can, for
example, measure adsorption iso-
therms with IR and obtain quanti-
tasive and speceral information si-
multaneously. With mulsicompo-
nent analysis, we have shown thae
oxalate forms different surface
complexes on TiO2, depending on
solution concentration and solu-
tion pH [4]. Also possible are direct
FTIR measurements of solid phase
transformations in aqueous envi-
ronmenss. These studies will be
extended to study adsorption and
intercalation of organic com-
poundsand of metals in ¢lay miner-
als. IR-spectroscopy will also be
applied to the characterization of
certain minerals in sediments. In
coliaborarien with the Department
of Microbiology, we are investigat-
ing the adhesion of bacteriaonsolid
surfaces using ATR-FTIR.
STM/AFM was ineroduced 1o the
EAWAG by Carrick [5]. With
STM/AFM, changes in the surface
structure during chemical and pho-

Stephan Hug obtained bis Ph.D. in physi-
cal chemistry from the University of Cali-
Sformia, Santa Cruz. Using nanosecond
laser flash photolysis, be studdied the kinetics
of naviral and artificial visual pigments
and the excited states of polyenes and
polyene cation yadicals with a special em-
phasis was on the analysis of time resoloed
spectral data. Fran 19901992, be wasa
Swiss National Science Foundation post-
doctoral fellow in the Chemistry Depars-
ment ar Stanford University where be
investigated charge rransfer ransitions in
porphyrins and sansition metal complexes
with Stark spectroscopy (electric field mod-
ularion of absorprion and fluorescence). I
the Spring of 1992, be joined the Chemis-
nry Deparnment at the EAWAG,

tochemical reactions can be fol-
lowed; for example restrucruring of
iron oxide surfaces during the pho-
tocaralytic oxidation of organic
marter or the formation of Cr{IiI)
phases with the reduction of Cr(VT)
on surfaces. Reactions of this type
are important in the transforma-
tion of minerals with the adsorp-
tion or release of heavy metals and
of organic pollutants. Another goal
is the imaging of surface modifica-
tions by microorganisms and the
imaging of biological surfaces.

Current projects

* In situ measurements of phoso-
chemical surface reactions. Pho-
tochemical degradation of or-
ganic pollutants on titanium and
iron oxides.

* Combination of guantitative
surface complexation models,

25



EAWAG BRWS 37E, January 1985

26

including charge, with FTIR
spectra.

* Transformation of solid phases
during the photocaralytic oxida-
sion of arganic compounds on
iron oxide surfaces by FTIR and
STM/AFM (with C. Eggleston).

» Reducrive dissolution of manga-
nese oxides in the presence of
oxalare, Fe(II) and light (with B.
Sulzberger, H. U. Laubscher and
E. Schram).

» Adhesion of bacteria on solid
surfaces detected by FTIR; possi-
ble conclusions abourt structural
interactions (with B. Jucker, H,
Harms and A. Zehnder).

o Molecular Orbital Calculations
for the Interpretation of IR spec-
wa {with Prof. G. Calzaferr,
University of Bern).

Long-term projects

A molecular understanding of sur-
face reactions pertinent to the envi-
ronment and used in environmen-
tal technologies will require 2 com-
bination of different methods, as
well as their careful application and
development. In  collaboration
with other EAWAG and external
groups, we will continuously evalu-
ate new chemical and physical

methods and apply them to envi- -

ronmentally relevant questions.
For the study of fast reactions on
surfaces, we are considering the
procurementof time-resolved spec-
troscopic instrumentation.

Our long-term goal is a derailed
understanding of the interactions
of navural and anthropogenic com-
pounds with mineral and biological
surfaces. We hope to achieve a
better understanding of natural cy-
cles and the fate of compounds in
the atmosphere, in surface waters
and in sedimenrs. Risks, such as
those posed by waste disposal sices,
must be escimated dependably. A
molecular understanding of surface
reactions will also allow the devel-
opment and optimization of rech-
nologies for the chemical and pho-
tochemical treatment of drinking

Farewell to Paul Schiup

Our 33-year-old photographers
busy life was cut short on the
12 July 1994 following a heart
attack. -

In 1966, Paul Schlup joined
2 much smaller EAWAG which
then occupied several buildings.
Though a trained photographer, he
initially worked more as an illus-
trator. Mis photographic premises
consisting solely of a cramped,
tapeting darkroom in the old villa
on the Physikstrasse in Ziirich. The
simplicity of his equipment in no
way impaired the quality of his
work. When EAWAG relocated
to Ditbendorf in April 1970, the
Photographic Service was provided
with two darkrooms, a small studio
anda modern reproduction system,

All who called upon the services
of Pauil Schlup were continually
impressed both by the precision of
his work and by his friendly nature
and readiness to accept projecis at
short notice, You could always
count on Paul whenever he prom-
ised 1o do anything. Even iliness
could not prevent him from com-
pleting his promised work. Only
a much to premature death was
able to curtail his sense of dury.

In Paul we have losta sympathet-
ic colleague who was always recep-

tive to others’ concerns, however
rrivial, willingly supporting all his
colleagues in both word and deed.
Even though his character was
marked by a serious, religious ap-
proach o life and death, it did not
prevent him from acting cheerfully
and mischievously at times. Yet his
little pracrical jokes which were
such a feature of his early years at
EAWAG were also marked by a
human warmth.

In Paul we have lost a helpful
colleague and friend and one who
will always be remembered with
fondness. We give thanks for his
life.

Heinz Bachmann

waterand wastewater and the reme-
diation of contaminarted soils and
sediments. In order to evaluage
contamination risks and remedia-
tion procedures, we need a derailed
and comprehensive understanding
of natural and anthropogenic cy-
cles, in which surfaces obviously
play a key role.

Stephan Hug

it] Motschi, H., Aspeets of the Molecular

Structure in Surface Complexes: Spectro-
scopic [nvestigations in Aquatic Surfice
Chemistry, W, Scumm, ed., Wiley-Inter-
seience, New York, 1987,

[21 Wehedi, B., G. Friedt and A. Manceau,
Interface Reaction Produces of Manga-

nese Oxidation at the Sediment-Water, in
Aquatic Chemistry in C.B Huang et al,,
eds, ACS ddvances in Cl')c'mi:r_)', 1993,

{3} Biber, M. V. and W, Stumim, An in-sice
ATR-FTIR study: the surface coordina-
tion of salicylic acid on aluminium and
iron(ill} oxides, Enviran. Sci. Technol,,
18, 763~7G8 (1994},

{4] Hug, S J. and B. Sulzberger, In sit
Fourier transform infrared spectrascopic
evidence for the formation of several
different surface complexes of oxalate on
Ti0; in theaqueous phase, Langmuir, 19,
3587-3597 (1994). .

[5} Eggleston, C. M and 8] Hug, Raster-
Tunnel und Raster-Kraft Mikroskopie in
Physikalisch-Chemische  Unterstchings-
metboden  in den  Geswissenschaften,
Springer-Verlag, in press.
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New Techniques
in Mass Spectrometry

In recent years, mass spectrometry
(MS) has become an important
tool in the hands of environmenial
scientists. It is widely used for the
identification and quantification of
organic as well as inorganic con-
raminants. The use of MS in con-
junction with gas chromaregraphy
(GC}isawell established rechnique
for the analysis of volatile organic
compounds. Compared to classical
GC detecrors, for instance flame
ionization, Mass  Spectromerers
provide additional information to
molecular mass and structure.
With the development of so-called
soft ionization rechniques such as
electrospray ionization (ESI), a
wide range of polar and non-vola-
tite compounds has become ame-
nable to MS analysis. Anionic and
cationic surfacrants, aromatic sui-
fonic acids, metal-organic com-
plexes and proteins, to name a few,
can now be introduced into 2 mass
spectrometer withous derivatiza-
tion. ‘

In 1992, the EAWAG acquired
a mass spectrometer that provides
randem-MS, high resolution M$§
and LC-MS capabilities (che cou-
pling of liquid chromatography
with MS). Among others, tandem-
MS allows analysis of molecules of
interest directly out of a mixture.
High resolution MS, on the other
hand, allows us to determine the
accurate mass {and thus the correct
formula) of a molecule or fragment,
generated during the fonization
process. These techniques are used,
for example, to differentiate be-
rween linear and branched alkyl-
benzenesulfonates (LAS and ABS)
in sediments. ESI is being used for
the analysis of ionic and polar
compounds, either by directly in-
jecting aqueous samples or after
separation LC. Using this ap-

phototransformazion of this com-
pound. ESI also allows us to look at
molecules of masses up to 100°000
daltons, which means thatenzymes
and their modifications can be
investigated.

Current research:

» GC/MS/MS differentiation of
linear and- branched allylben-
zenesulfonates in sediment cores
{Sutzer, Reiser, Giger)

= ESI-MS  investigation into the
phototransformarion of Fe''-
EDTA {Suter, Karametaxas,
Sulzberger, Giger)

» Investigation into the biodegra-
dation of alkylpolyethoxylares

using LC-MS. (Suter, Zanette,
Marcomini, Giger)

ESlinvestigation into thesuicide
inactivation of meta-ring cleav-
ing dioxygenases. {Suter, Kohler)

Mare f.-F Surer

M.J.-E Sutereral,, Ing, . Mass Spectrom,
fon Processes 86 (1988) 201-208.
M.J-E Suter et al,, Rapid Commmun.
Mass Specrrom, 3 (1989) 62-66.
Mg-E Suter, RM. Capsioli, [
Am.Soc.Mass Spectrom., 3 {1992) 198
206.

M.1-E Suter eval., Techniques in Protein
Chemisiey T RH. Angelesti, ed., Aca-
demic Press Inc., 1992, 44735,

Mure Suter inserting the EST probe while checking the control panel,

Scientific eaveer: Sgudies in chemistry at the University of Bern. Diploma thesis an "MS
Investigation of Rearrangement Mechanions in the Gas Phase” [1] in 1982 Pbh.D. under
the supervision of Prof Schinnegger (University of Bern} pu the developiment of a hybrid
BE-Quiistor-Guadrupole-MS (2] in 1988. Postdoctoral stuelies with Prof. Caprioli
(University of Texas, Houston} on “Biachemical and Medical Applications of MS nsing
New Techniques fike LC-MS, CZE-MS and MALDI™ [3]. Joined Prof W, Giger’s group
ar the EAWAG in 1991,

proach, we have been able ro detect
the intact Fe""EDTA (ethylenedi-
aminetetraacerate) complex with-
our prior derivatization. Further
investigations will give us new
insights into the mechanism of
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Retirement of
Professor Heinz Ambiihl

On 25 May 1594, Professor Heinz Ambiih! bade farewell to the
EAWAG and presented a seminar on the status of sediment
research. Prolonged applause is only one measure of the high
regard with which his EAWAG and ETH colleagues hold him,
serving as both head of the Limnoiogy Department at the
EAWAG and as ETH Professor. Deserving the highest tribute,
his work has made a significant impact on limnological
research in Switzerland and, in particular, on the subject of
limnology as currently taught at the ETH.

Heinz Ambithl acrended schools in
Aarau. Ar the Aarau Cantonal
School, he was fortunate enough
to have had Professor Paul Stein-
mann, a teacher who knew how to
enthuse his students abour all
things narural. Steinmann’s work
on whirefish and the fauna of
mountain streams inspired Heinz
Ambiihl not only to study biology
at the ETH but to go on to pursue
his life’s worls in chis field.
Working with Professor Osto
Jaag ac the ETH ia Ziirich, Am-
bithi began his dissertation research
on “The Significance of Current as
an Ecological Factor”. In the scarce
free time left to him while working
as a hydrobiclogist for the Canton
of Aargau, he completed his doc-
toral work in 1959 for which he
was awarded the rare distincrion
of the ETH Silver Medal.
Working as a cantonal hydro-
biologist at a time when water
conservation was still in its infancy,

he recognized the importance of
practical research. He accorded top
priority to the collection of envi-
ronmental samples and to precise
analysis in the investigation of
water qualicy and fish moreality.
Analysis of lake water samples,
often conraining only trace quansi-
ties of nutrients, required a degree
of precision thar was unartainable
in the early 1960s. Instead of sim-
ply complaining abourt the situa-
tion, he set 1o work to develop his
own methods and equipment and
wo perfect them. His wide-ranging
praceical skills and broad general
knowledge have stood him (and us)
in good stead. The optimization
of measuring and sampling tech-
nigueshas remained one ofhisareas
of experrise. During university hol-
idays, he liked to develop his own
ideas and turn them into work-
shop-ready plans — his particular
way of “making holiday plans”.
Recently he has been concentrasing

Top pbaw: Professor f!rrgbiib! {1 [cﬁ) in conwversation with Dr. Mike Sturm.

on the collection of undisturbed
lake sediment samples.

Even when appointed Head of
the Department of Hydrobiology/
Limnology ar EAWAG/ETH in
1960, he retained a keen interest
in practical matters. Many of the
postgraduate theses and disserta-
tions supervised by Professor Am-
biihl were based on practical prob-
lems of water pollution control.
He was also pivotal in coordinating
various infrastructure-related tasks,
including the construction and
expansion of EAWAG facilities in
Ditbendorf and Kastanienbaum.
As his lecruring duties continued
to expand under Professor Jaag ar
the ETH, he was appointed As-
sociate Professor of Hydrobiology
in October 1972, He was rorally
committed to his teaching ac the
ETH, always remaining up-to-date
and discussing the latest findings
from the limnological literarure.
The considerable impact he made
on his students was annually re-
flected in the growing numbers of
applicants wishing to register for
Professor Ambiih!’s course in hy-
drobiology. The number of corre-
sponding theses prepared each year
increased from just one or two in
the 1960s to his current rate of
eight or 10. Likewise, the 35 doc-
toral dissertations supervised by
Professor Ambithi during his career
is particularly high.

His colleagues profited greatly
from his varied gifts and extensive
knowledge of limnological re-
search. He devoted the few holi-
days heallowed himself, in addition
ta countless weekends, to study of
the literature, which resulted in the
production of a reference file of
some 20'000 publications. This
bibliography, together with his
wealth of experience and role as
editor of the Schweizerische Zeit-
schrift fiir Hydrologie (formerly the
Swiss Jorrnal of Hydrology and re-
cently renamed Aguatic Sciences),
has enhanced the presentation
and scientific content of many a
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The Limnology Department’s farewell party for Professor Ambiihl with {from left to right).
Front rovy: Christing Helier, Barbara Kanel, Elisabeth Meyer {aciing Head of Department 1934), Alexander lmhof, Heinrich Eisenmann, Bruao Ribi, Urs

Uehlinger, Danigl Steiner.

Zndrow: Andreas Frutiger, Markus Naegell, Ursing Hartmann, Dons Hohmann, Chrisia Jolidon, Heinz Ambihl, Hans Ruedi Biirgi, Robert Berger.

Jret rowe;

disserration. Drafts of manuscriprs
were always returned 1o anxious
students with numerous supple-
mentary comments and  helpful
suggestions in the margins,

He tended 1o express fairly
trenchant remarks abour precipi-
rate  conclusions and  carelessiy
researched work or emotionally-
tinged reports in the media. This
was in marked contrase wich his
otherwise very conciliatory nature.
When speaking on specialist sub-
iects in public, he knew how 1o
express his concerns without di-

Gunther Fraueniob, Siegiinde Gabel, Heinrich Bihrer, Ursula Tobler.
Back rove: Rainer Zah, Fred Stassel, Heinz Bachmann, Peter Bossard {acting Head of Depaniment 1995},

minishing the scientific quality of
his message.

Since changes tend to occur very
gradually in nature, scientific find-
ings about whole ecosystems are
seldom obtained during one or
two vear studies. Reliable conclu-
sions can only be drawn from
careful study over many years.
Under Ambiihl's leadership, the
limnology of oligotrophic, me-
sotrophic, eurrophic and highly-
eutrophic lakes has been compared.
His unique, long-term limnologi-
cal work has provided us with

Seminar Series on
Sustainable Development

"As inhabitants of this country, cach and every one of us must reduce bis or her
current level of resource consmnption to an average of onie third of the present
consunprion in the next thivty years.™

unimagined opportunities for hy-
pothese testing and simulation. His
data has already been used in the
calibration of numerous compurer
models, some of which simulate
the effects of internal lake-based
measurements.

We offer Professor Ambiihl our
very best wishes and look forward
to welcoming him to the EAWAG
on many future occasions as a
stimulating discussion partner and
esteemed colleague.

Hans Rudolf Biirgi

In his lecture on the Infoday 1993,
Prof. Zehnder has presented three
theses in the context of sustainable
development. This in turn has led
to an internal seminar series, The
alm of the series is to stimulate
internal educarion and discussion
about the changes at EAWAG and
their implications for the future.
The first ralks are being given by
speakers from within the EAWAG.
The seminar series is very well
attended.

* [Thesis 3, from EAWAG news 36E. p.3-5]
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The high material furnover of our
civilization has resulted in a large
number of garbage depesits. Their
chaotic structures stand in sharp
contrast to natural deposits, which
have been formed by orderly pro-
cesses. The polarice caps, the lake
sediments, soils resuiting from na-
tural weathering, and the deposits
from human activities are ex-
amples of environmenial archives:
these were the topics dealt with at
the EAWAG information day 1494,
It is possible to use data from
natural deposits to estimate the
effects of people's current trans-
formations of the environment.
Fram this knowledge of the past
we can derive prognoses in order
to get directions for a more envi-
ronmertally friendly future.
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