THE ImpLICATIONS OF THE “FINAL STORAGE” CONCEPT FOR THE MAN-
AGEMENT OF HAZARDOUS WASTES

Paul H. Brunner and Reto Zimmerli
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The term “hazardous waste” is normally used to characterize waste materials which
contain acertain potential for detrimental impacts on the environment and which are not
collected by public collection systems. A recent survey of the amounts and properties
of wastes in the Kanton of Ziirich [1] shows that 460 000 tons (400 kg/c, c=capita) of
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Fig. 1 .
Hazardous Wastes in the Kt. Ziirich in tons per year (1985)

municipal solid wastes (MSW) and
35'060 o (30 kg/c) of hazardous wastes
are produced per year.

The most important hazardous waste
material is filter dust from MSW in-
cineration (10 kg/efy, Fig. 1). Similar
wastes comprise other inorganic ashes
(e.g. 3.5 kg/c/y from aluminum recy-
cling}, and sludges from electroplating
industries (1.0 kg/c/y). The second larg-
est waste group is represented by oil con-
taining materials such as waste oii (4.4
kgfcly). oil sludges and mixtures of oil/
soil (4.4 kg/c/y), and oil/water (1.1 kg/c/

_ ¥). Athird category contains various ma-

terials of diverse origins. Highly toxic
wastes are only of minor importance
(0.05 kg/cly). The amonnt of wastes pro-
duced corresponds well with man's ac-
tivities: the high consumption of goods
by private households leads to large
amounts of wastes, which are ultimately
concenirated in MSW incineration prod-
ucts such as bottom ash, filter dusts or
scrubber sludges. The demand for mobil-
ity and heating as well as the use of
mechanical machinery implies a large
flux of fossil fuels and lubricants, giving
rise to large quantities of oily wastes.

From a gqualitative point of view, the
most important waste material is munici-
pal solid waste (Fig. 2): the mass flux of
most elements in MSW is larger than in
any other waste product [2]. Since during
incineration many elements are enriched



in the filter dust [3], this material be-
comes the largest carrier of potentially
hazardous elements in waste manage-
ment.

THE OBIECTIVE OF HAZARDOUS
WASTE TREATMENT

The question arises how to treat and dis-
pose of hazardous wastes. The objectives
of waste treatment in Switzerland have
been set by the Swiss Federal Commis-
sion on Waste Management {4]. Accor-
ding 1o these guidelines, wastes shall be
treated in Switzerland (i.e. no export is
allowed), and the treatment shall produce
materials which can either be reused or
landfilled without “long-term implica-
Hons™.
in a recent EAWAG workshop (Swiss
Workshop on Land Disposal of Solid
Waste, Gerzensee, March 14-17, 1988),
this landfilling without creating long-
term implications, known as“final stor-
age”, was characterized as follows: the
fiux of materials from a final storage site
shail remain of the same order of magni-
tude as the background fluxes in the
environment around the site over long pe-
riods of time. In order to define more pre-
cisely the time period to be observed, it is
important to note that processes jike sedi-
meniation, weathering and erosion con-
stantly change the earth’s surface. For
Swiss conditions, it can be estimated that
after 107 to 10% years landfills will either
be removed from the original site by
erosion, or covered with new material
from the coniinuing natural sedimenta-
tion.
There are three possible routes 1o a "final
storage "quality landfill:
. Construction of an envelope
around the landfill body (top cover
and bottom liner);
2. the attenuation capacity of the
subsoil can be utilized to sorb or
degrade substances;
3. the waste material itself can be
changed such as to yield an inert ma-
terial with very low leaching potential
even over Jong periods of time.
Based on existing experience with so-
phisticated envelopes, it seems improb-
able, that such envelopes can reliably ex-
clude the landfill body from the hydro-
logical cycles for long periods of time.
Geological formations which are not in
contact with water, such as salt caverns,
are either not present in Switzerland or
only available at very high cost, The
information currently available is inade-
quate for reliable predictions of the at-
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tenzation capacity of soils with respect to
the hazardous waste mixtures which must
be disposed. Therefore, the main ap-
proach 1o producing "final siorage” qual-
ity landfills is to transform hazardous
wastes into materials which will remain
inert in the long-term of a landfill envi-
ronment. This implies the mineraiization
of organic wastes before iandfilling: the
organic carbon may be leached, or micro-
bially transformed to leachable species
and organic and inorganic acids, thus
changing the landfill conditions and fa-
voring the mobilization of metals from
the landfill.

For future waste management, this con-
cept means that wastes have to be trans-
formed to non-leachable, inorganic ma-
terials which are well suitéd to disposal
in mono-landfills. In many cases, this
transformasion will involve a mineraliza-
tion step such as incineration, foliowed
by an addisional immobilization of the in-
cineration producis.

A Srtanparp LeacH TesT For
“Finan STorace” SurasiLity?

The main question is how to determine
the suitability for "final storage” of ama-
terial. Numerous tests are available for
the characterization of the leaching be-
havior of waste materials in landfitls. A
critical review of many of these tests is
given by Lowenbach [81. For legislative
purposes a standard leaching procedure
for all waste materials is often required.
Based on our investigation [1} into the
leaching behavior of seven common
hazardous waste materials it appears /o
be impossible 10 develop a single leach
test to characterize the many wastes in
various landfill sites.

We applied the “Uniform Leach Proce-
dure (ULPY" [5], the “Standard Leach
Test (SLTY” {7} and the “Land Disposal
Leach Test (LDLT)” [9] to waste materi-
als from lead recycling, aluminum recy-
cling, electroplating sludges, paint
sludges, solidified paint sludges, sludge
mixtures and oil sludges. Concrete
leached by the same methods was used as
a reference material.

When the leachate data obtained from
these experiments were compared with
surface’ water standards, the following
conclusions were drawn:

1. the various tests may yield different
resulis for a single material;

2. most materials are not suitable for
disposal in landfilis; :
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3, none of these tests can be used to
assess the problems associated with
the leaching of organic maierials;

4, none of these tests can answer the
question whether amaterial has" final
storage” quality.

The main drawback of al} standard leach-
ing tests became evident when one of the
materials {slag from aluminum recy-
cling), which “passed” all three tests, was
further analyzed by additional methods:
Lipon acidification at pH 4, large amounts -
of hydrogen sulfide were produced.
When samples of fresh siag and of 20
years old landfilled slag were compared,
the pH of the leachates appeared to have
decreased by 3 to 4 units (from 9.5 - 10.8
to 6 - 7). Upon acidification, no more
hydrogen sulfide evolved from the ex-
posed sample, suggesting that the soluble
sodium suifide had been oxidized to sul-
fates or that in deeper layers anaerobic
transformation to sulfides of lower solu-
bility had occurred. When the fresh slag
was mixed with water, hydrogen was pro-
duced by the reaction of elementary alu-
minum in the presence of metalions with
a higher redox potential such as copper,

- lead or zinc. The three reactions {produc-

tion of H,S and H,, and the neutralization
of the aluminum skag after 20 years of ex-
posure in a landfill) are importaat obser-
vations for the practice of landfilling as
well as for the judgement of the "final
storage” suitability of the slag. According
to the resules, this slag does not comply
with “final storage” criteria and needs
further treatment.

Standard leaching tests are not designed
to characterize all the potential reactions
of the many waste materials, nor do they
take the kinetics of these possible reac-
tions into account. Specific, tailor-made
methods are required to evaluate the be-
havior of a waste material. In the case of
the aluminum slag, the study of the reac-
tions with water, the buffering capacity
when titrated with acids, and the possible
redox reactions is a much more powerful
tool for the characterization of this mate-
rial than the application of even several
leaching tests. In order to assess the suita-
bility of a material for final storage, the
following information is necessary:

1. The precise composition of the
waste material must be known. This
means that the matrix elements, the key
variables determining the behavior of the
material, have either to be determined by
chemical analysis or by a material flux



analysis of the process which generased
the waste material. In addition to the
matrix (comprising about 95 % w/w of
the mass of the waste) the important trace
elements and (organic) compounds have
to be known.

2. The behavior of the waste material
in the proposed landfill environment
must be evaluated according to chemo-
dynamic principles and the information
on the composition of the waste. In labo-
ratory experiments, the reactions of the
wasie material with water, the resuiting
electrolyte, the mohile fractions, the acid-
ity (or alkalinity) and the redox reactions
should be assessed. Special atiention
should be paid to the kinetics of these re-
actions, since even very slow processes
can become important in a final storage
landfill.

3. The content of organic carbon has
to be carefully assessed . The potential for
microbial transformation and degrada-
tion of the TOC should be assessed in
paralle] with the possible impactof the re-
sulting transformation products on the
waste material itself and the landfili envi-
ronmen:. For many materials a TOC
content as low as 1% may become an
important proton producer when miner-
alized to carbon dioxide {6].

CoNCLUSIONS

The largest single source of hazardous
waste is the process of the concentration
of the potentially hazardous elements
contained in municipal solid wastes that

reletive concentration {g/ kg of totai wastes]
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Waste matrix: Wastes as carriers of hazardous elements

is the consequence of theircollection and
incineration.

The new concept for the treatment and
disposal of waste materials requires that
only materials fulfilling “final storage”
criteria are landfilled. In order to reach
this goal, organic materials have to be
mineralized and inorganic materials
have to be immobilized prior to landfil-
fing,

A test of the “final storage” suitability of
the products from such waste treatment
has to be based on comprehensive know-
ledge of the composition and the behav-
ior of the material in the landfill environ-
ment. Instead of global standard tests, in-
dividual tailor-made chemodynamic
studies of the various waste materials are

needed. An initial attempt at such an in-
vestigation into one of the quantitatively
important waste materials (bottom ash
from municipal solid waste éncincratifl:_yg_)
is given in [6].

Dr Panl H.
Brunner, or-
ganic chemist
at the depart-
ment of waste
management
and material
balances ait
the EAWAG.
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THE DEVELOPMENT OF LAKE
Lucerne since 1960

A thorough investigation of Lake Lu-

cerne at Kreuztrichter began after the
takeover of the hydrobiological labora-
tory at Kastanienbaum by ETH/EAWAG
in autwmn {960. Until then, little had
been known about the lake, the few sci-
entific studies having been performed
* many years previously. The start of the
now 27-year study programme by the
Hydrobiology/Limnoiogy department of
EAWAGQG coincided with the first signifi-
cant increase in the phosphorus content
of the lake [1].
Strict legislation from 1972 on ied to re-
duction of the phosphorus input {P-pre-
cipitation in sewage treatment plants,
banning of phosphates in washing pow-
der, 1986). Maximum concentrations
were recorded in 1980; from this pointon
the lake returned to its previous oligotro-
phic state.
Since from the beginning of the study
great importance had been attached to the
application of advanced and exact ana-
lytical techniques, the chemical and bio-
logical data still fulfill, even today, the
rigorous requirements of scientific analy-
sis. At first sight, agreemen: between
changes in nutrient concentration and
aigal biomass appears to be poor: the
highest algal abundances were observed
in the years 1963-1971, when, although
_the nutrient concentration was increasing
rapidly, it lay far below its peak. Indeed,
during the final, still increasing, phase of
eutrophication, algal biomass was al-
ready decreasing. This reduction resulted
from, amongst other factors, the exact
time of year of the nutrient input: the
nutrients made available by winter turm-
- overare only sufficient for growth during
the spring; the summer peak requires a
corresponding fresh input. This input
may well have been greater in the late
sixties than ten years later, when'the an-
nual average values reached their peak.
However, the significance of the primary
product’s subsequent fate in the food-
chain continued to increase until 1979;
losses through interactions with zoo-
plankton (grazing) increased internal cy-
cling within the lake even as the algal
- biomass was declining.
The plankton analyses from [960/1961
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demonstrated clearly ihat changes in the
range of species had occurred since the
previous extensive biological studies

‘decades before. Initially, however, the

relative abundances of the various algal
species did not change significantly; only
with the appearance of Oscillatoria
rithescens {(Syn. Planktothrix rubescens}
did a new accentemerge within the lake’s
plankton population. This blue-green al-
ga, already well known from its salmon
pink algal blooms in various lakes, cau-
sed the first long-term interruption of the
diatoms’ dominance.

During the initial phase of eutrophica-
tion, which began in the fifties, Oscillaro-
ria rubescens was able to profit from the
increased nutrient input. Subsequently,
however, competition from the crypto-
flagellates and green algae became sig-
nificant. The large siliceous algae were
increasingly replaced by small centric
forms. This restructuring led to a long-
tertn alteration in the light-absorption
characteristics, and consequently ther-
mal properties, of the surface layers.
Blocking of light by the high algal densi-
ties in the uppermost layers reduced
depth of the trophogenic layer.

The algae, whose nutrient requirements
had increased as a result of their higher
activity, were able to remain longer in the
epilimnion thanks to their improved {lo-
tation characteristics. Here, the compara-
tively low nutrient supply of the narrower
layer compensated, partly, for the effects
of the continuing eutrophication. To-
gether with losses through grazing, this
reduction in living space led to a partial
decoupling of aigal production from the
total available nutrient concentration,
and also explains the apparent paradox of
a reduction in algal biomass coinciding
with an increase in the average nutrient
supply to the whole lake.

Oscillatoria rubescens, an oligotrophic
species, prefers a light density of 0.12 B/
m? &, with a density gradient of about

5x10- gfem?® m-! and high temperatures. .

Since, like almost all algae, Oscillaroria
rubescens can convert high nutrient lev-
els to comrespondingly high guantities of
biomass, it can be used as an indicator of
eutrophication, For along period of time,
the necessary conditions for growth per-

-tained at a depth of 7.5-15m. From 1965 ~
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How pogs LakE-PLANKTON REACT
TO A REDUCED PHOSPHORUS BURDEN ?

Hans-Rudolf Burgz, Heinz Ambuhl Heinrich Biihrer and Erné Szabo

“onwards, the region of suitable light in-

tensity moved upwards, where Oscillaro-
rig rubescens was not able to compete
successfully with the rapidly proliferat-
ing nanoplankton, and was gradually dis-
placed.

An analogous ousting of Oscillatoria
rubescens by dense surface algal popula-
tions had, years before, been observed in
lake Ziirich, where it returned after the
surface layers became transparent again.

The rapid recovery of lake Lucemne was
set in motion by two simultaneously
applied anti-pollution measures in the
drainage area: banning of phosphate in
detergents and improvements in sewage
treatment. The changes in the plankton
biocoenosis (more zoopiankton, domi-
nance of silaceous algae, and disappear-
ance of Oscillatoria rubescens) altered in
their turn the balance between production
and sedimentation, and shortened the
residence time of phosphate in the tro-
phogenic layer. The action of these fac-

tors is dealt with in more detail below.

Organic particles transport varying
amounts of nutrients. Since still-intact
algae continue to absorb available phos-
phate as they sediment, phosphate does
not accumulate at depths between 20 and
30m, even though the oxygen concentra-
tion profitepoints to considerable miner-
alization. As sedimenting particles enter
a layer in which algae have accumulated,
the nutrients released by bacterial degra-
dation and autolysis are in part immedi-
ately incorporated by the algae and used
for blomass synthesis. This interruption
of sedimentation can lead to unexpect-
edly elevated biomass synthesis at a par-
ticular overall nutrient concentration.
The influence of the zooplankton in lake
Lucerne was extensively investigated
using limnocorrals (project MODEC).
The preferentially filtered nanoplankton
are converted to a more rapidly sediment-
ing form by the production of faecal pel-
lets. A consequence of the selective pre-
dation of the small phytoplankton is the
gradual domination of the larger forms.
This process, which can be observed
annually after the period of excess zoo-
plankion populations, also increases
sedimentation. Clear water phases, the



result of almost complete elimination of

ithe surface water algae by grazing, re-
guire a farge algivorous biomass, which
has only been observed in lake Lucerne
since 1970 in May/fune. As long as the
spring production of the algal food source
finished before the beginning of the ex-
ponential proliferation phase of the zoo-
plankton (exact onset delayed by low
water temperature), no correspondingly
high zooplankton populations. the only
populations able o fundameatally influ-
ence the phytoplankton, could develop.
All the phenomena mentioned (replace-
ment of the small atgae and Oscillatoria
by large, rapidly sedimenting siliceous
forms, and the packing of the smali plank-

ion into faecal pellets by zooplankton)

together result in increased nutrient sedi-
mentation, This effect may also be fol-
lowed by observing the silicate content of
the epilimnion: aithough the silicate input
from leaching of siliceous rocks has not
changed, its concentration has decreased
markedly in the last few years.

The question remains, whether this im-
provement is merely temporary since the
grazing effect of the zoopiankton will
also decrease with decreasing eutrophi-
cation. The possibility remains that the
Oscillatoria, still present at a low level.
will make a come-back™*,

#% Indeed, actual plankton analysis ( in July
1988} showed a new invasion of Oscillatoria
rubescens in lake Lucerne in a depthof 1010
30 m.

THE DEVELOPMENT OF THE
WaLENsEE SINCE 1968

At the beginning of the sixties, it became
apparent from the increasing changes in
the appearance of the lake. (in particular

_ the development of algal films on the

lakeshore} that even the Walensee, hith-
erto famed for its purity, would suffer a
fate similar to the majority of the other
pre-Alpine lakes. which were already
eutrophic to some degree. At the end of
1967, the Hydrobiology/ Limmnology
department of EAWAG and Canion St.
Gallen Biological Laboratory Water-
ways Protection Board began a coopera-
tive programme of study with the aim of
clarifying the details of the eutrophica-
tion process. In 1974, due 10 concern for

Misc.: euglenophyceae, and various microcrganisms.
| Crypto: cryplophyeae (flageliates)
i Conju: conjugales (zygnemalales).
Chioro: chigrophyceae (green algae)
Dino: dinophyceae {dinoflageliates)
! Diato: (bacillariophyceae {diatoms)
| Chryso: chrysophyceae
mg.P/m? || Cyano: cyanophyceae (blue-green algae)
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The development of gigal biomass and phosphorus in Lake Lucerne,

Phosphorus conlent (sliding mean) and annual average biomass, broken down according to algal class.
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The deyelopment of algal biomnass and phosphorus in the Walensee.
Walensee: phosphorus content and annual average biomass, broken down according to algal class. Apart from green algae

in the strict sense of the term, the chlorophytes here include the conjugales. The phosphorus curve links the maximum values
of the phosphorus-content during the winter-turnover period.

its future use as a fresh-water reservoir,
the Ziirich City Water Board joined the
surveillance programme with an exten-
sive series of analyses, before finally
taking over the whole programme. [t
proved possible to halt the ewtrophication
process at an early stage; blessed with
regular and complete winter turmnover,
and a relatively low sewage input, the
Walensee never passed beyond the
mesotrophic stage. With a few excep-
tions, algal growth remained nutrient-
fimited [2,31

Whilst exceptional climatic "circum-
stances made their mark, their influence
was not as great as in the case of eutrophic
lakes. The most important restoration
measure, apart from the legal require-
ment for a phosphate-precipitation stage
in the water-treatment plants in the drain-
age area, was the re-routing of the treated
effluent outflow from Giarus so that it
discharged into the lake exit, rather than
the lake itself.

Nene of the iakes in this study demon-
strated the link between phosphate, bio-
mass and oxygen as clearly as the Wa-
lensee {which may serve, for example, as
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a criterion for definition of oligo- and
mesotrophic lakes). The algal species list
has hardly changed during roughly 20
years of observation. Plankion analyses
from the turn of the century and the thir-
ties already showed the clear dominance
of pennate diatoms. The contribution
from flagellates, and blue-green and
green-algae was never large, only the
chrysophytes and dinophytes ever, tem-
porarily, forming a higher proportion of
the total biomass. As a consequence of
the moderate eutrophication of the lake,
centric diatoms, and green algae increas-
ingly extended the range of algal species.
Tn 1974, at the height of the nutrient pol-

“lution burden, the dinophyte Ceratinm

hirundinelia caused the first major distur-
bance of the plankton siructure. After the
nutrient burden fell, the species list did
not return to its previous form, although
the biomass did decrease to the 1968
level. Possibly, there was not enough
time for the plancton ecosystem to react
to the relatively sudden fall in the nutri-
ent burden by altering the biocoenosis.

The Walensee provides a textbook ex-
ample of the reaction of the system to
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nutrien input.

Here, this led to the substitution of large
summer and autumn maxima for the
slight maxima characteristic of the previ-
ous, fairly minmimal seasonal biomass
fluctations. These maxima were the first
features to disappear afier the reduction
of the nutrient burden. The spring maxi-
mum, which relies on nutrient supplies
made available during the winter turn-
over period, persisted until 1982, Over-
all, an increase in the nutrient supply
caused both a prolongation and an earlier
start to the main growth period.
Clear-water stages as a resuit of over-
grazing of the algae, analagous 10 those
observed in lake Lucerne, were only evi-
dent after large zooplankton populations
had developed. At first, this stage ap-
peared later than in other lakes, {June/
July) because of the lower water tempera-
ture; towards the end of the observation
period it appeared slightly earlier.
Because of the long-term stability of the
algal levels in the lake, it is possible to
observe cycles of individual algal species
{which were described as algal calendars
[41) which are swamped by the vagaries
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The development of algal biomass and phosphorys in Lake Constance.
Lake Constance: annual average biomass, broken down according to algal class (after IKGB). Biomass data for the months of
January to March were not available for the calculation of the annual average values for 1963, thus the value given is probably
too high. The annual average values for 61/62 are not broken downinto algal classes in the IKGB report of 1961/62.

The phosphorus curve is based on the average phosphorus content at the time of complete turnover.

of the weather in other lakes, thus the
chrysophytes’ three- to four-year cycle,
for instance, is now a rare example.

THE DeveLopmeNT oF LAKE
ConsTance since 1961

In the fifties, the nutrient situation in jake
Constance deteriorated .drastically. Be-
cause of the significance of the lake as a
fresh-water reservoir, in 1960 the Inter-
national Commision for the Protection of
Lake Constance (Imernationale Ge-
wdsserschutz-Kommision zwm Schuize
des Bodensees, IGKB) was founded, and
within a year & broadly-cenceived pro-
gramme of study was set in motion, The
results of the investigations were pub-
lished both inscientific journals {5,6] and
annual reports. EAWAG contributed toa
number of study groups.

With a theoretical residence time for the
total water volume (30km?) of ca. 4.4
years, lake Constance constitutes a rela-
tively inert system. Thus, it is surprising
that the plankton system, in particular the
zooplankton [7}, reacted very rapidly to
the reduction of the phosphate burden in
1980. Although the average phosphate
concentration is still ca. 63mg/m’, and
thus 3/4 of its maximum value, consider-
able changes in the species list have oc-

curred. Mesocyclops leuckarni, which
was nearly completely excluded ten years
ago, has reattained its 1963 levels. The
algal biomass trend, particularly in the
summer, 1s also downward. The annuai
average plankton biomass, and the pat-
tern of the fluctuations of plankton bio-
mass over any given year, both still show
considerable variability. Exceptional
years such as 1963 (lake froze over),
1970/71 (low rainfall and mild winter),
1976 (very dry for first half of the year),
and 1983 (summer and automn sinny
with low rainfall) have left their traces:
incomplete turnover, and thus inadeguate
oxygen {ransfer 1o the deeper waters, or
increased incident sunlight, improved the
conditions for growth, leading o in-
creased production (partly in-the follow-
ing year). Thus, the lake is still far from
the goal of a phosphate-limited system.

Tue DEVELOPMENT OF THE GREI-
FENSEE sINcE 1973

The Greifensee, which as early as 1960
hit the headlines with unflattering pic-
tures of blue-green algae, (so-called
“algal blpom™), has shown a continu-
ously decreasing phosphate concentraion
since 1972, The average phosphate con-
tent decreased from its peak value of 500
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mg/ay, to values below 100 mg/m®;
however, this is still approximately four
times the critical limit. Redissolution of
phosphate from older sediments has rea-
ched a minimum, only the reserves from
recent sediments being available for
mobilization during the siiil regular an-
aerobicity of the deeper layers. Since all
sewage treatment plants in the drainage
area are equipped with a fourth purifica-
tion stage, further improvements in water
treatmentiechnology are hardly possible:
further progress will only come through
the most careful agricultural methods,
and rehabilitation measures within the
lake. ‘

In spite of enormous improvements, the
biolegy of the luke has scarcely reacted;
only the duration of the biomass maxi-
mum has decreased somewhat. Several
massive growth surges still ocour annu-
ally, accompanied by corresponding pe-
riods of water-colouration. Although the
algae bringing about algal blooms in-
creased recently, the tendency for algal
blooms is declining in comparison to the
condition 20 years ago.

In general, the absence of algal bloom in
the above-mentioned lakes is probably a
coroliary of the N/P-ratio, which has
increased as a result of the concentration

7



of water treatmeni measures
on the reduction of phos-
phate: Thus, nitrogen-limited
situations, which are possible
in highly-eutrophic lakes in
summer/autumn, nc longer
occur, and nitrogen-fixing
biue-green algae have lost
their selective advantage. In
the Greifensee, they have
been replaced as the domi-
nant species by green aigae;
crypiomonades are also pres-
ent at above-average levels.
In spring, diatoms are impor-
tant, but summer growth can
be silicate-limited in the
Greifensee, since . silicate
input is aot as high as in the
case of the Alpine lakes
whose drainage areas contain
stliceous rocks.

CONCLUSION
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The development of aleal biomass

Even in their reaction to nutrients, each
of the lakes behaves differently. In par-
ticular, the structure of the biocoenosis
(disappearance of key species, excess
zooplankton, etc.) plays a réle in deter-
mining the course and speed of any im-
provements. Even in an oligotrophic
lake, true P-limiting is only possible
once the P-reserves from the winter turn-
overhave been exhausted. As the P-input
is reduced, the period of P-limited
growth extends backwards from late
summer ever further towards spring.

The condition of the restored lakes has
changed, fundamentally, éven where the
total phosphate-input is unchanged: in
many sewage treatment plants, heavy
rainfall, such as appeared repeatedly in

1987, leads 1o the activation of storm
water overflow, whereas the plants are
most efficient during dry weather. There-
fore, nutrients now flow into the lakes
intermittently, where previously the in-
put was continuous, though at a low le-
vel. This allows different species to bene-

_ fit, such as small algae capable of rapid

reproduction. The range of species and
the algal biomass may react very differ-
ently to changes in the nutrient supply.
The whole trophic structure is influenced
by supply at this fundamental level; part-
ly indirectly via the dependent parameter
oxygen.

Insensitivity of algal production to the
effects of exceptional weather conditions
during the period of maximum growih
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[3] Biirgi, H.R., und Meier-Schiegel, Astrid {a987). Plakion-Untersuchengen, Ber. Interkant.
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4] Auerbach, M., Maerker, W, und Schmalz, I. (1926) Hydrographisches-biologische Boden-
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Bodensee (1965-1975), Teil 2 Obersee. Ber. Int. Gewiisserschuszkomm. Bodensee Nr. 23

[6] Kilmmertin, Rl und Biirgi, H.R, (2088) Die langjihrige Entwicklung des Phytoplankions it
Bodensee (1961-1986) Ber. Int. Gewisserschutzkomm. Bodensee. In Prep.
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could serve as an indicator of complete
recovery of the iake.
The intensity and frequency of clear-
water periods resulting from biological
interactions, point to a high availability of
the algal food source during the Z00-
plankton proliferation stage, since the
bridging of the period between light- and
nutrient-limited algal growth and zoo-
plankton proliferation, which only
begins at higher water temperatures.
requires an elevated nutrient input in
ApriMay. The reserves from winter
turnover are exhausted relatively rapidly;
spring algae are not famed for a thrifty
attitude towards nutrients, —
I

Dr. Hans-Rudolf Biirgi is biologist, and

expert on plankton ecology, has been
working at EAWAG since 1972 in the
department of Hydmbmiﬂ y/Limno-
logy.
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Fig. 1

Location of Qinghai Lake within the Asian
context. Qinghai Lake is a closed-drainage
lake located at 3194 m above sea-level in an
active tectonic basin on the north-west cor-
ner of the Tibet-Oinghai Platean of Central
China. It covers 4635 knt’, up to 27 m deep
with a brackish bitter magnesinm-sulfate-
rich, saline (14 g/l total disselved solids), al-
kaline brine.

ABSTRACT

In 1985 an EAWAGIETH limnogeologi-
cal expedition to China's largest inland
lake recovered seismic profiles and pis-
ton cores o help calibrate paleoclimate
models of monsoon and insolation fluc-
twations over the northern Tiberan Pla-
teau since the last Glacial maximum, The
stidy is part of an international effort to
understand how slow global warming
may cause abrupt change of climate
through a series of environmental feed-
backs.

This was the first expedition to provide a
set of continuons Late Cuaternary-Holo-
cene lake cores from the vast Qinghai
Platean.

Seismic profiles revealed a complex to-
pography with channels, irregunlar bed-
ding, rtectonic-tilting and desiccation
stages all buried uniformly under 5 m of .
Jflar-Iying Holocene sediment.

Piston cores recovered a record of over
13°0G00 years with sedimentation rates
Jrom 0.25 10 0.7 mmilvr. Calcium carbon-
ate content proved a sensitive monitor of
lake environments and ranges from 20-
835%. Radiocarbon dates by accelerator
mass spectrometry provided a chrono-
logical framework. Sedimentation re-
sponds with higher resolution to climate
change, than vegetation.

Preliminary results suggest low levels in
Qinghai, during the same early Holocene
interval with intensified monsoon activity
in Africa.

GEOLOGICAL FINGERPRINTS OF CLIMATE HISTORY:
A COOPERATIVE STUDY OF QINGHAI LAKE (CHINA)

Kerry Kelts”, Chen Ke Zao*, Guy Lister™, Yu Jun Qing’, Gao Zhang Hong?*,
Frank Niessen™ and Georgé Bonani™

1. Pasr anp FUTURE ENVIRON-
MENTAL CHANGE

The aim of this report is o aguaint
readers of EAWAG News with an
unusual lake which supports a unique
ecosystern and holds an important
record of environmental change. Of-
ten, new impulses from the study of
unusual systems provide inspiration
for understanding the limits of our
more familiar ecosystems.

We are entering into a new era of en-
vironmenta} geology research where
it is increasingly important to evalu-
ate geological archives in terms of
their relevance for understanding
global changes on scales of decades to
centuries.

Lake sediments are one of the high
resolution archives onaregional scale
that can be used to test various scenar-
ios of climate change currently under
development. Lake deposits also help
us understand feedback processes on
a regional scale. Nature has already
carried out many short term experi-
ments, In lake sequences, we can look
closer at the resulting transitional
zones in order to determine the mag-
nitudes and rates of change that are
possible in the natural environment.
Precision dating and correlations are
necessary to determine the syn-
chroneity of events.

Lithology and sedimentation rates
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also change in response to environmental
shifts.

How do we reconstruct past climate?
Pollen has been one traditional tool. We
now also have a plethora of sedimentolo-
gic and geochemical tools which can add
higher resolution information. In orderto
properly interpret the indirect climatic
signals held in lake sequences, itis impe-
rative to understand how environmental
signals are stored in lake sediments.
Which signals carry what information?
How can integration of numerous signals
provide a clearer environmental picture
or better models?

Modellers generally prefer to simulate
stable periods whereas geologists prefer
to focus on contacts that represent rare
events and transitions in the record.
Bringing the two together is time con-
surning. Modelers may run a global simu-
lation on one weekend. In contrast, the
field program and subsequent detailed
lab work on cores necessary to test only
one grid point will consume several
dozen man-years.

2. Exeeprrion or 1985

In late summer 1985, a 3-year coopera-
tive limnogeology project between the
EAWAG section Geology, the Geol. Inst.
of the ETH and the Salt Lake Research
Institute of the Academia Sinica in Xin-
ing, China, commenced with a 6-week
expedition fo Qinghai Lake. Approxi-
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Fig.2

inghai Lake bathymeiry with cruise tracks for seismic lines and corin

sites of the 1985 Sino-Swiss imnogeological expedition

Contour intervals 5 meters. Note location of typecore 14 and the short section of seismic profile I in Fig. 3.

mately 500 kg of ETH limnogeoiogy
equipment accompanied the expedition
participants on the 66 hour train journey
from Beijing to Qinghai.

Considerably more than the initial recon-
naissance goals were completed. The Salt
Lake Research Institute provided a 90-
ton research ship for 22 persons on a 10-
day coring cruise as well as a faster boat
for seismic surveying. Approximately
500 km of high-resolution 3.5 kHz seis-
mic profiles showed three separate basi-
nal areas with evidence for several high
and low lake level stands in the upper-
most 30 meters of sediment (Fig. 2). We
used the seismic results to select 17 cor-
ing sites for our gravity core system (1
meter samples) and another tripiicate site
for sets of 6-8 meter piston cores [1].

3. Imrortance oF QINGHAI LAKE

The Plateau of Tibet-Qinghai (Fig. 1} is
considered to be one of the most impor-
tant continental regions controlling glo-

10

bal climate. A stable low pressure center
{caused by summer heating) influences
the vital motions of monsoonal winds.
Until our team cored Qinghai Lake we
had no continuous records for the entire
Qinghai region which show how the pres-
ent climatic patterns fluctvated on de-
cadal to century scales during the Late
Quaternary. Global circulation models
predicted decreased monsoon activity
during the glacial maximum due to low-
ered sea levels and increased albedo in
Tibet.

Qinghai-Tibet data are also important to
Europeasi researchers trying to predict
climate changes, especially the future
feedback mechanisms of a rise in atmos-
pheric trace gases. _

The Chinese cooperation thus provided a

_ unique opportunity for another EAWAG/

ETH partnership in addition to regular
exchange visits of researchers with our
Chinese colleagues. Qinghai is an under-
developed region with immense natural
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beauty. Our cooperative results provide a
scientific basis that will help to protect
the delicate ecological balance of this
region and lake.

Chinese authorities are gravely con-
cerned about the rapidly decreasing water
levels {2 m in 15 years) and increasing
salinity. Major fisheries and economic
development are at stake. It is not unusuat
for EAWAG/ETH to participate in such
international endeavors. Long years of
pioneering research on the Swiss lakes
have led to an unmatched expertise for
sampling technology, a profound under-
standing of lake systems and of how en-
vironmental signals are transferred into
the sediment record,

There are several reasons why Qinghai
Lake provides ideal corditions for a
paleo-environmental analysis:

- A major study of the lake was made by
the Chinese in 1960-62. This comprehen-
sive geological, limnological, and zoo-



Table 1.

Physiographic summary of Qinghai Lake and basin. (Main-
ly based on the years 1960-61 after the report of the Acade-
mia Sinica, 1979 [2] ,with modifications from our own 1983
observations marked with ¥)

Table 2

Water Chemistry of Qinghai Lake. (After Academia Sinica,
1979 [2], for 1961, and Chen KeZao and Tang, pers. comm.,
1986)

Annual runoff-input:

Location 99° 36'to 110°47'E
36°32't0 37° 15'N

Elevation * 3186 m

Max. Length 106 km

Max. Width g3 km

Perimeter 306 km

Lake Area 4635 km?

Catchment Area 34950 km?

Ratio Catchment/ Lake 75

Max. Depin * 27m

Average Depth ™ cal7sm

Volume of Lake 85.45 x 108 m?

Totai dissolved sofids * 14.35 g/l

Hypofimnion summer around 6°C

surface frozen Dec.-May

syrface 1.6 x 10°m* {frozen Dec.-May)

groundwater 0.6 x 10° m? {estimated)
Annual Precipitation

north shore 377 mim

south shore 395 mm
Average annual temperature 091t027°
Ann. Evaporation

north shore *1433 mm

south shore 1487 mm
Atm. pressure (annual average) 690 mm Hg _
Modal wind directions dominant from W and NW
Average annual sunshine 3648 hes (70-80%)

logical monograph provides a comparative framework [2].

- The presence of an endemic fauna suggests that the lake has
been isolated over thousands of years.

- Carbonates occur as a variety of precipitates and benthic
ostracods are abundant. The samples thus can be analysed iso-
topically for palaco-hydrology,-temperature, and -productivity.
- In spite of the remoteness, the lake has excellent harbor, ship
and barge facilities.

~The lake is located within the convergence zone of two climatic
belts, and should sensitively register subtle interactions which
are not continuously recorded in neighboring, more arid regions,

4. QmucHal Basin anp LAKE

Qinghai is one of China’s largest provinces with 720°000 km?,
but sparsely populated. It comprises broad, sediment filled
basins between narrow mourain ranges. It is tectonically active
with abundant evidence of major strike-slip faulting, biock-
tilting, recent folding and rapid uplift [3]. Qinghai Lake lies in
one intermontane basin at the northeastern corner of the Tibet-
Qinghai plateay, about 1800 km inland from Beijing (Fig. 1).

Most of the region has an alpine, continental climate with intense
sunshine and a short frost-free season. Temperatures can vary
40°C between day and night. The drainage basins are treeless

1986 (July) 1961
pH 8.21 81-9.4
Total dissoived solids 14,150 mo# 12,489 mg!
Nat 3750 mgll 3258 mgl
K 157 mg/! 146 mg/|
Ca~ 13 mg/! 9.9 mgfl
Mg 758 mg#t 821 mgh
Mg+/Ca~ ratio &1 83
o2 518 mg/l 419 mg/l
HCO; 689 mg/l 525 mgil
SOz 2380 mg/ 2034 mg/l
Cr 5847 mg# 5274 mgh
Br 2.7 mgl
Lt 4.65 mg/l 3.7 mgit
5i0, 0.35 mg/l
HBO, 12.8 mg/
Sr 0.37 mg/
PO* 0.02 mo/l
NO,-N 0.036 mg/

and arid with 100 to 550 mm annual precipitation [4]. The
Qaidem Basin (2899 m above sea level.) to the south, is a large,
(200 000 km?), extreme playa desert with a vast, wind-swept salt
crust [5] and includes rich potassium chioride brines in Dabuxin
Lake. The capital, Xining City (2244 ma.S.L..= above sealevel)
has about 400 mm precipitation per year, 2600 mm evaporation
and extended hours of sunshine with a low-humidity continental
climate.

The “Bright Pearl” Qinghai Lake (Blue Sea) also called Koko
Nor, lies at 3194 m elevation, surrounded by stately snow-
capped mountains up to 4500 m a.S.L. The current lake covers
about 4635 km®. We measured a maximum water depth of 27
meters. Most of the lake is more than 16 m deep, with only a thin
fittoral rim. ‘

The water is brackish salty (14.1 g/, alkaline ( pH= 9.3) and
undrinkably rich in magnesium and sulfate {see Table 2). So-
dium and chiloride are dominant ions (Na-Mg-Cl-SO -type bri-
ne). Summer epilimnion temperatures reach 12-15°C (rarely to
19°) with a hypolimnion of less than 6° C. The lake has meter-
thick ice cover for up to 5 months and is thus dimictic with brief
stratification in high summer and in winter (under the ice).
Strong winds from NW are common. The total dissolved solids
have increased irregularly from 11 g/l measured in the 192075 {6]
to the current 14.1 gfl.

Limnological framework .

The following briefly summarizes the limnological findings of
the Academia Sinica study of 1960-1962 [2] and [7]:
Transparency ranges from 1 to 10+ m.

The lake contained 35 phytoplankton genera (15 Bacillario-
phyta, 4 Chlorophyta, 4 Pyrrophyta, 6 Cyanophyta, 2 Chryso-
phyta, and 1 Euglenophyta).

Pelagic diatoms (Cyclorella dominant) accounted for 32-
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89%, mainly in summer, followed by
dinoflagellates 3.3-50%, dominant in
winter.

Protozoans form 80% of the zoo-
plankton in fall with Strombidium, Stro-
bilidium, Arcella, Difflugia, Didinium
and Vorticella in concentrations of 420
per liter. Rotifers include Pedalia, Bra-
chionus, Colurella (dom., ), Mytilina and
© Notholca. Cladocera include Moina,
Dapihnia, and Chydorus.

Macrophytes include abundant ses-
sile Cladophora fracta colonies with Rini-
zoclonium which together form long
green patches (.5 m thick, | m wide and
100 m long.

Biomass reaches more than 50 g/m?®
wet weight .

Algae have profound effects on the
bottom morphology and sediment trap-
ping.

Chara are rare whereas Potaniogeton
pectinatus forms minor fringing swamps.

Gelatinous, mucilaginous and fila-
mentous microbial mats are common
along the rocky shores of Qinghai Lake.
These are probably responsibie for the
thin aragonite crusts on most beach peb-
bles,

Nematodes are reported from Qing-
hai as are the Gligochaetes Nais sp, Par-
anals sp,and Limnodrilus helveticus esti-

mated as 1.68 % of the biomass. Shells of

gastropods, bivalves or other bioclastics
are notably lacking from the modern
shorelines although reports include some
gastropoda: Radix evara, R. lagotis, Gla-
be pervia, Gryaulus groleri, and Choano-
phalus sp. [2].

Ostracods are the most important
component of the benthic community and
inciude several endemic varjeties, (Jing-
hai Lake has dense populations in the
bottom waters with up to 15 individuals

per liter. Cm-thick sediment layers com-
prising mainly ostracod shells are com-

"~ mon in cores and probably result from

gentle winnowing of bottom sediments.

Chironomid insecta are very cosmo-
politan. Seven species of Tendipes (Chi-
ronomus } occur in Qinghal. C.gr. redue-
rus 18 most common (709) with Psectro-
cladius, Procladius, Psilotanypus, Cryp-
tochironomus, Hepiagia, and Cricotopus
gr. silvetris. In terms of biomass, chiro-
nomids also form a significant part of the

- henthos.

Fish are abundant but dominated by a
single, bone-rich, naked-carp (Gym-
nocypris grzewalski) which isendemicin
the system and forms the basis of com-
mercial fisheries. In addition there are
minor quantities of three types of loaches
(Nemachilus sclaropterus, N. alticeps
and N, dorsonatalus).

The islands provide welcome roosts

and protected breeding grounds for Cor-
moran and a wide variety of fowl migra-
ting long distances in Asia. Overall, total
productivity of the Qinghai Lake waters
seems low, in concert with low nutrient
concentrations and a short growth season

(7}

5. ResuLts or THE 1985 EXPEDITION

5.1 Seismic Investigation

We used the ETH-Geology 3.5 kHz ORE
seismic profiler with an EPC 1600 digital
recorder. Sound pulses were transmitted
at one second intervals with ship speeds
of about 10 km/hr. The profiles display
high resolution (ca,13 cm) and penetra-
tion up to about 30 m. The lake botiom
has a morphology with a narrow, abrupt
littoral zone and a broad flat basinal area

(Fig. 2 and Table 3). In some basinal
areas, rills and mounds about 50 em high,
and on the order of 20-50 m by 100 m,
occur aligned E-W with the dominant
wind directions. Wave cut terraces were

“found at about 4 m depth.

Profiles show the lake divided into three
main basins (N-, 8-, & E-basins} by rid-
ges uniformly at about 16 m water depth,
which are capped with calcareous tufa
{Fig. 2). The Er Lang Hang Penninsula
extends NE underwater as one typical,
strongly asymmetric ridge with a sharp
cliff to the west. Cliffs also occur along
the E-W ridge that extends from the
Buhar river mouth along the northern
edge of the East Basin. These cliffs are
thought to represent fault scarps because
they can be linked to geomorphological
expressions of active tectonics along the
foothills.

Profile I (Fig. 3) provides a N-S cross-
section of the East Basin that displays
seismic stratigraphic features typical of
the lake. The uppermost 6-10 millise-
conds (4-6 meters) comprises generaily
paraliel, closely-spaced reflectors. On
close inspection some of these pinch and
swell, butin general; the series (H-Series)
seems to represent dominantly pelagic
deposition in a perennial fake. A strong,
planar reflector (we call the Q-reflector)
defines the base of the H-Series. This
widespread boundary appears to corre-
late with an unconformable layer of hard
mud which stopped piston cores, and
which represents a period of very low
lake levels. It possibly is evidence of a
playa or desiccation horizon that was
swept planar by high winds. These winds
may also have driven the large sand dunes
along the northeast edge, cutting off Hai
Yan Bay.

Fig. 3

Seismic profile
Nr. I showing the
O reflector at_ab-
out_Sm_depth, in
the sediments,
Other layered se- .
diments visible
down to about 20
m subbotton,
Location given in
Fig. 2.

Tilted, offlapping
beds below,

12

30 miitiseconds = ¢a.

regular lake bottom
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Beneath the Q-reflector, echos are more
diffuse. Irregular steps in two horizons
suggest the presence of some channeling,

possibly in an ancient soil or tundra co-.
ver. Although echos are weak, there are -

also some intervening layers with parallel
reflectors that may derive from older
lacustrine deposits.

Qur seismic profiles provided important
documentation of neotectonic tilting of
the basin, and provide a tool for eventual

dating of the most recent movements.
Beds dip progressively towards the fault

scarp atong the northern basin boundary.
The scarp ridge displays evidence of
current erosion along its base. Prograda-
tion of the lake depo-center towards the
north clearly shows that the main move-
ments predates the formation of the Q-
reflector.

Table 3

Depositional subenvironments of che-
mical and biochemical deposits in
Qinghai Lake Basin: a hydrologically-
closed, perennial lake.

SUPRALITTORAL:
Relict beach ridges with arago-
nite coated cobbles and peb-
bies. Some traces of calcarecus
shell debris.

INTRALITTORAL:
Beach-rock: aragonite cemen-
ted sands to gravels. Beds dip
gently from shorelines beneath
the lake. Recent origins as
shown by cemented anthropo-
genic relicts.

Calcareous silts and muds with
crust fragments, in some re-
stricted iagoons evidence for
recent dolomite, hydromagne-
site and magnesite,

EULITTORAL:
Laminated or bioturbated
muds. Rare tufa. :

PELAGIC PLAIN:
Laminated aragonite muds
with abundant calcitic ostraco-
de shells. Massive aragonite
tufa crusts along ridges.

5.2 Piston cores

We chose the Site 14 (Fig, 2) as an initial
type locality because this site displays
characteristic seismic features. Duplicate
sets of piston cores up to 5.5 m long were
aken in plastic core liners, cut into 1 m
sections and sealed for transport. After
whole core measurements of magnetic
properties, the core sections were cut,
photographed and described. Coulome-
ter analyses of calcium carbonate is one
of the most rapid and sensitive records of
the environmental state of a lake. There-
fore, an vndisturbed strip was subdivided
into 1 cm samples for a high resolution

carbonate profile (Fig. 4). Other samples .

were selected for stable isotope, minera-
togical and dating analyses.

A precise dating framework is the key to
a reliable palecclimate reconstruction.
Samples of 2 to 20 g were selected from
critical beds and sieved at 63 microns
afier gentle disaggragation of sediments,
Fresh-looking seeds {(mostly of the aqua-
tic plant Ruppia) or algal threads were
hand-picked under a binocular microsco-
pe and cleaned. Graphitization in HTP
capsules followed the procedures of [8).
The paucity of weli-defined organics
provided only 3 samples to date. Samples
were mounted on copper targets and
measured at the Accelerator Mass Spec-
trometry facility at the ETH Inst. for
Middle Energy Physics. Resulis are gi-
ven in Fig. 4 and Table 4.

Lead-210 was analysed at EAWAG from
short cores representative of each basin in
order to determine sedimentation rates
for the last 200 years [9]. The results
varied from 0.4 mm/y (0.022 g/emfy) in
the North Basin to about 0.6 mm/y (0.033
glemy} at the type lecality in the South
Basin and a somewhat higher 1.19 mm/y
(0.062 g/cm?/y) in the East Basin where
high winds pile up waters and cause re-
turn flow.

Three main sedimentary units ( AB, &

C) are distinguished in core 14 (see Fig.

4}
Unit C (ca. 13 500 to 107000 years
BP) includes a basal subunit {C3) of
hard, gray, homogenous mudstone
with 30% carbonate, sulfide pigment
and bioturbation. This is interpreted
as an arid, cold period, loess-derived
deposit in a shallow swampy saline
environment, There is a thin, burrow-
ed sand at the top of this layer that
suggests erosion. This is overlain by
40 cm of a subunit C2, comprising
clastic laminations resulting from
seasonal input during a wetter episo-
de from about 11 000 to 10 000 years
BP . The subunit Cl is a mottled,
white, 20 cm transition zone that
changes from less than 30% carbon-
ate to §5% carbonate, and from main-
iy calcite-aragonite to almost pure
dolomite mud [10]. This must repre-
sent the drawdown and concentration
of a large water body.

Unit B {ca. 10000 0 ca. 6 000 yrs BP)
comprises calcareous sediments, rich
in diverse carbonates {(60-95%
CaC()j) including dolomite and ara-
gonite mud and aragonitic crusts,
winnowed ostraced laminae, and al-
gal varves, as well as characteristic
reddish laminae. The interval is inter-
preted as deposits of a warmer, humid
period with shallow, fresh to brackish
to saline lake fluctuations.

Unit A {ca. 5000 BP 1o present) com-
prises greenish-gray, banded arago-
nite rnuds (40% CaCQ,). The subunit
A3 interval dispiays. multiple up-
ward-shallowing cycles. Subunit A2
is more uniform, with ocasional thin
laminae, and subunit Al represents
the recent history, with bands of sulfi-
de pigmented aragonitic mud and
episodes that show low angle uncon-

Table 4.

Results from AMS radiocarbon dating from core QH85-14b.(ETH-AMS Facility)
Section/cm Total depth average Material Age

interval {(cm) | depth {cm) years BP

1. 1/47.5-4.9 47.5-49 48.3 Algal 1780£23.2
2. 4/81.5-83 339.5-341 340.3 Seeds 8400130
3.5/21-225 382-383.5 382.7 Seeds 9730130
4.5/26-34 387-395 395 Seeds 9870£170
5.5/77-719 438440 439 Seeds 10900250
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formities due to bottom currents. in
general Unit A s interpreted as repre-
senting brackish-to-saline lake condi-
tions similar or deeper than the lake of
today.

6. Discussion

Our preliminary publication [11] pro-
vides a more complete treatment of the
evidence that Qinghai Lake sediments
appear to hold the intact record of this
large region. On a milienial scale, the
chronological and sedimentary frame-
work allows some general conclusions
partly based on comparisons with other,
more punctuated records of paleoclimate
on the Qinghai Plateau. The resolution of
century-scale variation must await de-
tailed analyses. N

The cold, dry climate is mainly a result of
Quaternary tectonic uplift of the plateau
" and Himalaya mountains. During the
glacial maximum, worldwide drops in
sea level put the shorelines along the
outer shelf edge, for example, in the
South China Sea. This limited the pos-
sible sources of moisture transfer to the
already arid Qinghai Plateau [12], The
deepest sediments penetrated by our co-
res are estimated around 13 500 years BP,
but these do not show evidence of melt-
water from major ice masses. Instead,
they possibly document cold saline
swamps receiving wind blown dust

During equivalent times, sedimentation

in Swiss lakes was still dominated by
proglacial varves. We suggest that the flat
Q-reflector in Qinghai Lake may stem
from planation by high winds during a
cold arid Late Glacial that also contrib-
uted to loess deposition.

From 10 900 to about 10 000 years BP,
the conditions of the lake freshened, and
we believe the lake levels rose. Coarser
grained, rhythmic clastic laminations are
explained by a seasonal meltwater signal
This peried is the only time slice recov-
ered by our cores that may represeit a
short overflow stage with lake levels over
150 m above the present. Europe at that
time was experiencing a sudden climatic
set-back known as the Younger Dryas.
Around 10000 years BP conditions chan-
ged radically with a sudden increase in
carbonate content and presumedly salini-
ty. Sand and siit was replaced by fine
carbonate mud with a bioturbating bot-
tom fauna. The abundance of dolomite is
a probiem. As a larger water body con-
centrated, the already high magnesium to
calcium ratio would have increased and
presumedly promoted the precipitation

14

of dolomite in concert with a highly alka-
line environment. From 10 000 years BP
onward the lake remained aclosed hydro-
logical basin,

For the period 10000 to about 6 000 years
BP, sediment structures, reworked sedi-

ment, and the presence of several carbo- -

nate crusts indicate that the lake went
through near-desiccation cycles several
times. While lake levels were very low,
the effect of seasonal precipitation was
concomitantly higher, and thus the lake
was not continuously hypersaline. In-
deed a tolerant ostracod population sug-
gests that frequently, conditions during
the early Holocene were brackish. Red-
dish, ferric mineral coloration of algal
and clastic laminae may derive from
weathering conditions in the basin that
were different than today; for example,
higher summer humidty. The interpreta-
tion remains speculative because this
colorcould alse derive from reworking of
older red beds that outcrop in some local
areas. Warmer mid-Holocene climates
are however documented in southern
Tibet by increases in Quercus (oak) pol-
len {12], and tree pollen in our Core 14.
Many lakes in northern Tibet became
closed basins, with salt lakes around
97000 years BP followed by higher levels
in mid-Holocene.

From 6'000 years BP to the present, the
sediment character shows relatively stea-
dy conditions that do not differ greaily
fromtoday. The carbonate content curves
however show the presence of a high
frequency variability and some events
that must be deconvolved with high reso-
lution dating. For example, there are 7
cyclic drawdown-units of 20 cm each
between 6 000 and 4 000 BP that could
represent periodicity on a multiple centu-
ry scale. A positive around 4 000 yrs BP
and a negative carbonate excursion
around 2 000 yrs BP may be linked to
superregional events.

The steady lowering of lake levels is
reflected in the uppermost few centime-
ters of core as a strong signal of more oxic
conditions at the sediment water inter-
face. The seismic records also suggest
some scouring by bottom currents. Wea-
ther patterns suggest decreasing tempera-
tures over the last decades with little
increase in precipitation [12]. This instru-
mental record is however very short.
Banding patterns on a 10 cm scale in short
cores suggest that present frends may be
part of a natural cycle which must be
noted in ancient historical records.
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7. CONCLUSIONS

Long lake sediment cores can be used to

attack problems of both locat and global

importance.We have identified 5 major
longterm paleoclimatic goals to guide
further research on the Qinghai set:

1. Define trends and estimate rates of

fluctuations in the lake level and sa-

linity on a scale of hundreds of years.

These are important for the industrial

development of the region, Presently

the lake level is dropping and salinity
rising at rates causing great concern.

Obtain a record of recent loess depo-

sition which may provide keys for

time-correlation with salt deposition
in Qaidem Basin to the west of Qing-
hai basin.

3. Test predictions of Milankovitch*-
based computer models on the trans-
fer of moisture to Tibet-Qinghai as a
resuit of monsoon variations in inter-
vals over the last 25 000 vears. Thése
may contribute to an understanding
of the apparent lack of an ice cap in
the Late Wurm (Isotope Stage 3/2)
for Tibet-Qinghai, and/or a test whe-
ther Tibetar glaciation was in fact a
trigger for world wide glaciation
f13].

4. Clarify models of organic carbon
praduction, sedimentation, facies,
and preservation in stressed, shallow,
brackish-saline, and unusually high-
magnesiumrich system. Qinghai lake
is widely quoted in China as amodern
analogue of theirancient oil-rich con-
tinental deposits.

5. Provide another link in ETH-lake
archive network of the Late-to-Post
Glacial transition which now encom-
passes diverse lakes (Swiss Lakes; L.
Urmia, Iran; Great Salt Lake , USA;
L.Van, Turkey and L. Bosumtwi,
Ghana).

1~

Global lake level fluctuations

Numerous studies have shown that Afri-
can basins have experienced large fluc-
tuations in area, level and hydrology
during the Late Quaternary-Holocene,
The most striking feature is generally
parallel development in many basins,
with aridity between 17 0Q00-12 500
years, and extensive lakes between
12°500 and 5 000 years. A south to north
shift from 12.5 to 9 ky, is thought fo0
follow Milankovitch cycles (i.e. [14]).

# Milankovich theory relaies to the ef-
fects of changes in the earth's orbitaal
parameters as a control on glacial cycles
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The reliability of many C-14 dates remains however insufficient to link synchronous developments into a global network,

Qinghai lake hydrology is thought to reflect some monsocon influence. On a millenial scale, the record at Qinghai lake would appear
out of phase with Africa with low level during early Holocene. However, this would seem consistent with Kutzbach and Otto-Bleisner
[15] who predicted that a strengthening of monsoon over Asia would narrow the zone and leave Qinghai with a moisture deficit.

Further work in progress will focus on the record of episodic climate/hydrological anomalies.
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Dr Kerry Kelts, sedimen-
tolagist, head of the section
Geology at the department
of Multidisciplinary Limno-
logical Research and Earth
Sciences.

Announcemeni:

Climate, our future

{Main author: U. Schotterer). This book exists already in ger-
man (ISBN 3-259-08394-4, Fr. 38.-, 160 pages, Kiimmerly
+Frey, CH-3001 Berne), italian and french (ISBN 3-259-
(8395.2). The english edition (for which Dr Kerry Kelis is
responsibie) is due by end of 1988.

News asour EAWAG COLLABORATORS

Doctoral degrees honoris causa for Prof. Werner Stumm

Prof. Werner Sturmm was awarded the degree of Doctor techn. (honorary) by the Royal Institute of
Technology, Stockholm, for his research achievements in aquatic chemistry and surface chemistry
in November 1987, and the degree of Doctor of sciences (honorary) by the University of Crete in

June 1988.

Dr Jiirg Beer (Dr. Peter Santschi's successor) has studied physics at the Univesity of Berne with special

emphasis on the application of radio-isotopes-in geosciences. He now became head of the group Ra- O
dioactive and Chemical Tracers (RCT, formerly section of radiology) in the new department of Environmental Physics.
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CremviroN CarsoN Awarn 1988

@ of 30 submitted papers, the
prestigious 1988 Chemviron Car-
bon Award (created in 1976 by
Europe's leading manufacturer out
of a concern for environmental is-
sues in the whole area of water treat-
ment and purification) was presen-
ted to Christoph Muniz, Jean-Louis
Walther, Markus Boller and Ralph
Bland on July 18, 1988, in Brigh-
ton, UK, fortheirexcellent work on
the Layered Upflow Carbon Ad-

Dr Chiistoph Munz, EA-
WAG

sorption (LUCA) for the Removal of
Trace Organic Contaminants. This -

new mode of operating activated carbon adsorbers for the
removzl of chlorinated hydrocarbons was investigated in a pilot
plant in Porrentruy, Switzerland,
and will be implemented in the fu-
ture drinking water treatment plant
for the town of Porrentruy.
Conventional fixed-bed adsorbers
are completely filled with activated
carbon from the beginning of opera-
tion. The activated carbon is there-
fore exposed for prolonged periods
of time to the natural background or-
ganic matter or DOC. Accordingly
the carbon can become preloaded
with DOC, or fouled, which in turn
reduces the efficiency for removal
of trace organics such as pesticides,
phenolic compounds and chlorin-
ated hydrocarbons,

In contrast, in the LUCA mode of operation the carbon'is added
sequentiaily layer by layer. at a time determined by the effiuent
concentration of a given trace or-
ganic compound. The average time
of exposure of the carbon to the na-
tral DOC is thus significantdy re-
duced. Consequently, higher loa-
dings of the trace organics on the
relatively fresh carbon are achieved
throughout the entire filter depth.
At the end of the period of operation
the LUCA filter will have retained a
larger tota mass of trace organics,
and will have processed sig-
nificantly more water while using
the same amount of activated car-
bon as a conventional fixed-bed
adsorber. Whlle in the pilot plant in-
vestigation 50% more water could
be treated, the fuill scale LUCA fil-
ters are expected to approximately
double the throughput compared toa
fixed-bed adsorber operated uader
similar conditions,

Dr Markus Boller, EA-
WAG

Jean-Louis Walther, en-
gineer, Hofmann, Reba-
dey et Walther 5.A.,
CH-2900 Porrentruy)

Realph Bland, engineer, Hofmann,
Robadey et Walther S.A., Porren-
fruy}

DieteER IMBODEN APPOINTED AS
Prorrssor ror Exvironmvental Puvsics at ETH.

W ith Dieter Imboden, a very colourful personality has been ap-

pointed as professor for ENVIRONMENTAL PHYSICS at the Federal In-
stitute of Technology (ETH) in Ziirich. For his colleagues at
EAWAG and his students at ETH, his appointment seemed only
a logical consequence of his dis-
tinguished scientific career and of
his large devotion to teaching,
However, it took a tempting offer
from the University of Heidelberg
in Germany to make ETH realize
that it could not afford to lose such
a valuable person.
Who is Dieter lmboden? After
studies in physics in Berlin and

Basel, he obtained a PhD in theo-
retical physics with Prof., Walter
Baltenspergcr at E’I‘H in 1971, In the same year, he joined

EAWAG. Obeying an unwriiten law given by our director, Prof.”
Werner Stumm, he soon left EAWAG again to spend the “com-
puisory year” inthe USA. Working with the weli known chemi-
cal oceanographer and geochemist, Prof. Harmon Craig at the
Scripps Institution of Oceanography, he acquainied himself
with the use of tracers for studying physical processes in the
aquatic environment. Back at EAWAG in 1974, he was pro-
moted o one of the three leaders of a new depariment for
multdisciplinary limnological research (MLF), a position that
he has held until very recently. Now, as a consequence of his
appointment as 2 professor at ETH and because of other devel-
opments at EAWAG. he will be the head of a new department:
the DEPARTMENT FOR ENVIRONMENTAL PHYSICS, A presentation of
his new depariment will be given in the next issue of the
EAWAG NEWS, '
In his work, one of the major concerns of Dieter Imboden has
always been to relate physicai to biologieal and chemical proc-
esses in the environment. This has led to close collaborations
with biciogists and chemists. Together with his colleague René
Giichter, he has made important scientific contributions to the
area of lake eutrophication, and he has become one of ihe top
experts for lake restoration in Switzerland. With his work on
mixing processes in lakes and on the mathematical modelling of
aguaiic systems. he has also gained an excellent international
reputation as an environmenial physicist and modeler. As a
teacher, he has developed courses in aguatic physics, and in
mathematical modeiling, and he is responsible for a program in
which engineering students at ETH are taught about various
environmental problems. He has aiso played a pivotal role in the
development of the new program in environmental sciences that
has started last fall at ETH (see page 19 ).
Dieter Imboden, the perfect professor for the field of environ-
mental sciences? Considering his past activities and his person-
ality, one is obviously tempted to answer this question with yes.
In any case, because of his great versatility and his ability and
willingness to interact with people from various disciplines, he
will be an important “motor” for the future development of en-
vironmental sciences in Switzerland.
On behalf of all my colleagues at EAWAG, 1 wish him a
successful future asa professorat ETH, and I wish EAWAG that
Dieter Imboden will comtinue to keep his great interest in this
institution.

René Scivwarzenbach
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E.coroxicoLoGgIicaL REsgarcH AT EAWAG

‘Ecotoxicology is concerned
with the toxic effects of chemical
and physical agents on living
organisms, especially on popula-
tions and communities within de-
fined ecosystems; it includes the
transfer pathways of those agents
and their interactions with the
environment.’

{Definition given in ‘Principies of Eco-
toxicology’, G.C. Butler {ed.} 1978)

More than ten years ago, the impor-
tance of research in ecotoxicology had
aiready been recognized not only by
some excentric individuals, butby acon-
siderable part of the scientific communi-
ty. It was widely appreciated that human
toxicelogy was no longer appropriate to
solve all the anthropogenic pollution
problems, and that studies dealing with
acute toxic effects did not provide full
answers to questions about long-term di-
sturbance of whole ecosystems.

The past years of ecotoxicological re-
search revealed the complexity of the
problems, the necessity of a muitidisci-
plinary approach and the lack of overall
concepts which are urgently needed to
provide guidelines for scientists dealing
with applied as well as basic problems of
poitution.

To enhance the ongoing effort in
ecotoxicological research at EAWAG,
Prof. W. Stumm hasengaged anew group
of coliaborators. They are all experienced
scientists and had not been working inthe
field of ecotoxicology before their ap-
pointment at EAWAG. From the con-
frontation of their disciplinary scientific
background with the problems of ecoto-
xicology as encountered atthe EAWAG,
new ileas toward a more conceptual
approach should emerge. The group has
not been integrated into an existing
EAWAG-teaminordertoallow itsmem-
bers more freedom to develop their own
projects within the scope of EAWAG
research objectives.

Hereafter the group members are in-
troduced and their scientific background
as well as their specific interests in eco-
toxicology are indicated:

Renata Behra: Biochemist, Ph, D. the-
sis at the University of Ziirich on the bio-
synthesis of mitochondrial proteins, and
postdoctoral research on the role of in-
trons in tRNA genes. Her main ecotoxi-

18

From left to right:

Giulio Genoni, Renata Behra, Herbert Giittinger, Karl Fent and Maja Lukaé

cological interest is the study of the ef-
feets of long-term exposure to low doses
of metals on cell damage at the molecular
level and their mechanisms, with the aim
oflinking early biochemical responses io
late pathological effects, and thereby
predicting the impact of metals on the
health of populations.

Karl Fent: Ph. D.inbiology at the Insti-
tute of Zoology. University of Zirich,
involving a field study in the Sahara on
the mechanism of polarization orienta-
tion, the functioning of the visual system
and the behavioural ecology of desert
ants. Postdoctoral work on nephrotoxic-
ity in rats and the toxicity of interferon
and interleukin at the Institute of Toxicol-
ogy (ETH and University of Zitrich). At
EAWAG dealing with ecotoxicity of
organotin. Interested in the exiremely
toxic triatkyltin compounds in a broader
sense, and thus studying not only their
toxicity to various organisms and their
effects on the embryonal and larvai deve-
lopment of fishes, but also their environ-
mental concentrations and their chemo-
dynamics in lake harbours and sewage
treazment plants. General mechanisms of
aquatic toxicity using these compounds
as model substances will also be deduced.

Giulio Genoni: Ph. D. from the Depart-
ment of Zoology of the University of
Florida, USA. Research on ecology of
estuarine benthos, and particularly on
how organisms may regulate other tro-
phic levels by establishing feedback reta-
tionships. exemplified by the ‘farming’
of marsh grass by fiddler crabs. Participa-
ted in a study correlating a river’s phys-
ico-chemical characteristics with bio-
mass production and diversity, and fish-
ery research integrating resource distri-
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bution, mating system and production of
conunercial crabs. He plans to study lake
ecotoxicology, in purticular the effecis of
toxicants at the population or community
level, by developing a quantitative me-
thod for measuring disturbances in the
dynamics of nutrient and energy fluxes.
This model may aliow to compare effects
of different 1oxicanis on a community or
the effects of a toxicant on differentcom-
munities.

Herbert Giittinger: Biologist, Ph. D. the-
sis and research projects in stream hydro-
biology and the modelling of lake entro-
phication. Coordination of energy re-
search at the Swiss Federal Instituies of
Technology. Presently administrative
leader of the group and member of the
staff of the directorate. Particular re-
search interests lie in the fields of the ap-
plication of ecological concepts to eco-
toxicological problems. and the assess-
ment of pollution and its effects at the
ecosystem level.

Maja Lukad: Microbiotogist, Ph. D. the-
sis at the Depariment of Microbiology,
ETH Ziirich, on the protein chemistry of
the insecticidal delta-endotoxin of Ba-
cillus  thuringfensis. Posidoctoral re-
search on the enzymelogy of exotoxin A
of Pseudomonas aeruginosa by site-di-
rected mutagenesis of its active site, at
Harvard Medical School. Boston. She
would like to apply her experience with
bacterial toxins to algal toxins and study
their biochemical and genetic regulation,
especially under the influence of xeno-
biotica. Furthermore, she is interested in
investigating the effects of xenobiotica
on the cellular mechanisms of algae in
general, which are an essential compo-
nent of the ecosystem.



ENVIRONMENTAL SCIENCES = A NEW DIPLOMA PROGRAM
AT THE Swiss FEDERAL INsTITUTE OF TECHNOLOGY (E'TH)

g e >
P e S R T

Based on adecision taken in May 1987 by
the Swiss Scheol Board (which is respon-
sible for teaching programs at ETH), a
new curriculum carrying the ambitious
name “Environmental Sciences” was
started last fall at the ETH in Zurich.
Instead of the expected 20-30 students. a
total of about 130 registered for the new
program, without any measurable de-
crease in.the number of students
in the other programs of the
school, A momentary trend
only? The result of a demand that
had been held back for too long?
It is clearly too early 1o predict
how this "experiment” will pro-
ceed. Anyhow, most of the stu-
denis who began this demanding

9th Sem.

S

sive lab course designed to deal with the
experimental techniques of all the men-
tioned disciplines, and courses in social
sciences are aimed 1o strengthen the un-
derstanding of the relationship between
man and his environment,

In the special part of the program (3% to 8
semester) every student selects a combi-
nation of a particular discipline {e.g.,

Social Sciences,

Studies and

&

program are continuing their
studies into the second year, and
it will be interesting o see how
many new students will be at-
tracted this fall,

5{h-8th Semester

Environmental |
General

Engineerin
courses 9 J

Aim and structure of the
program in Environmental
Sciences

‘The new curriculum is designed
to provide the knowledge neces-
sary for the understanding of
processes oceurring in the envi-
ronment. Aim and structure of
the curriculum are circum-
scribed in the following manner:
The study is based on an integrated view
of the environment and ils sytems. It
centers on the interdependence of the

1st4th Semester

differentsubsystemsand goes beyondthe -

classical scientific disciplines. Speciali-
zation proceeds from this commeon basis,
The program deals, on one hand, with the
mathematical and scientific knowledge
necessary 1o understand how man's envi-
ronment functions. On the other hand, it
yields insight into the various subsystems
(atmosphere, hydrosphere, pedosphere,
geosphere, biosphere). Correspondingly,
the following goals can be formulated for
the different phases of the program (see
diagram).

The general part (1* to 4" semester)
mainly consists of basic courses in
mathematics, physics, chemistry, biol-
ogy, and earth sciences. In addition, sev-
eral interdisciplinary courses, an exten-

The involvement of EAWAG in the
new program

Quite a few collaborators of EAWAG
will be invoived in this program through
praciica, courses and the tutoring of di-
ploma and doctoral theses. Combining
this engagement with the teaching pro-
grams in which EAWAG scollaborators

e

(Combination of discipline
and environmental system)

i e

Basics of natural sciences

{mathematics, physics, chemistry, biology,
earth sciences)

"General Part"

chemistry, chemistry/microbiology, bi-
ology, physics) and an "environmental
system" (e.g., hydrosphere, atmosphere,
terrestrial systems, geosphere, anthropo-
sphere). The courses in a given disci-
plinefsystem combination take about 50
percent of the available time during the 5%
to 8"semester, whereby about three quar-
ters of this time is allocated to the disci-
pline. About 25 percent of the remaining
time in the special part is dedicated 1o
courses in social sciences and environ-
mental engineering, and the last 25 per-
cent are used for multisdisciplinary
courses and for case studies.

Finally, the diploma thesis that is carried
out in the field of the chosen discipline/
systerm combination gives the student the
opportunity to get acquainted with ex-
perimental research in environmental
sciences. ‘
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are already involved and with the other
programs which are additionaliy planned
(such as the program in environmental
engineering), the capacity of some of the
EAWAG staff will be demanded to s
limits. In spite of this possible stress on
the personnel and structural capacity,
EAWAG must meet this enormous chal-
lenge. The program will help intensify
the relationship between EAWAG and
the ETH. The "settling” of new groups at
EAWAQG, like the new chair for environ-
mental physics, and the growing impor-
tance of Ditbendorf as a third location for
ETH's activities will help us meet the
growing demands in the field of environ-
mental research in Switzerland.

Dieter Imboden and
René Schwarzenbach
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A Worlishop or Ecotoxicology of Freshwater Systems has been organized by Dr Mario Sfm.::r and Dr Thomas Egli of the

EAWAG on March, 27-29th, 1988 at the University of Ziirich.

1 2 :

Biochemical aspecis. Intro-

duction by Chairman Dr.

A, H. Neilson, Swedish

Environmentai Research
Institute, Sweden

Aerobic and anaerobic trans-

formations and desgrada-

Routes of entrance of com-
pounds into_ecosvsiems
Introduction by Chairman
Dr. W. Giger, EAWAG/
ETH., Swiszerland

Chemodynamics of volatile
halogenated hvdrocar-

tion_of halogenated hy-

bons, Dr. M. Ahel, Rudjer
Boskovic Institute, Yugo-
slavia

Chemodynamics of nonvola-
tile halogenated aliphatic

drocarbons by micro-
oroanisms, Prof. Dr. T
Leisinger, ETH Zirich,
Switzerland

hvdrocarbons:  chlorina- Transformations _and _accu-
ted paraffins, Dr. A. muiation of halogenated
Bergman, Wallenberg hvdrocarbons _in_higher

organisms. Prof. Dr. V.
Ullrich, University of
Konstanz, Germany

Laboratory. University of
Stockholm, Sweden

Summaries of the main lectures wili be publisched by the
Scientific Advisory Committee on Environmental Toxicoi-
ogy (SACET)of the ESF (European Scientific Foundation).

3 4
Toxicity, Imtreduction by  Experimentsin the laborato-
Chairman Prof. Dr. P, Pe- rv. in the field and in
terson, King's College model sysiems. Introduc-

London, United Kingdom
Primarv effects; acute andchro-

nic changes ai the level of Centre, Mariow, UK

single organisms, Prof. Dr. From organismigecosvsien.

H. M. Bolt, University of kev processes and key

Dortmund, Germany species, Prof. Dr. Perer
Secondary effects: population Calow, University of

dynamics. long term_stress, Sheffield. UK

adaptation, development of  Perspectives of experimental

resistence, Dr. J. Solbé. model ecosystems i

Water Research Centre, ecotoxicology, Dr. Arno

Marlow ,-UK Rasemarin. The Royal
Quantitative _structure activity Swedish Academy of

relationship (QSAR)_for Sciences, Sweden

chemicals and mixtures of

chemicals. Prof. Dr. M. Vi-

i, Institute of Agricultural

Entomology, University of

Milan. Haly

tion by Chairman Dr. J.
Solbé, Water Research

PARTICIPANTS OF THE FIGHTH PostGRADUATE COURSE IN SANITARY ENGINEERING

AND WATER PoLLuTion CONTROL
{offered by the Institute for Water Pollution Control, IGW, and the Institute for Hydraulics and Water Resources Management,

First row: Emil Greber, Claudia Pahl-Wostl, Matthias Krédel. Pia Kugler, Sabine Brugger, Vincent Rebstein, Josef Tremp;
second row: Joachim Guthruf, Andreas Schail, Katrin Seiler, Peter Schwer, Markus Ammann, Stefan Haderlein, Martin Hess,
Antonio Adrover-Lenenberger; third row: Afbert Pazeller, Louis Egger, Homir Peric, Heiner Sturzenegger.

Guests to THE EAWAG IN 1987/88

Ahel, Marijan, PhD, Chemist, Rudjer Boskovic Inst., Zagreb,
Yugosiavia (June §8)

Beckett, Francis, Chemist, UK (Oct. 87-July 88)

Bruno, Jorge, Chemist, Royal Institute of Technology, Stock-
hoim, Sweden (May-July 87}

Capri  Silvio, Chemist, Ist. lelCGersuﬂe Acque, Rome, Italy
{June 87).

Drever, James, Prof., Univ. of Wyoming, USA (Sept. 87-Sept.
88).

Enierson, Steve, Prof., Univ. of Washington, Seattle, USA
(Feb.- Sept. 87).

Goncalves, Maria de Lurdes, Prof., Centro de Quimica Estru-
tural, {nst. Superior technico, Lisboa, Portugal (July- Aug.
87

Hirschwehr, Herbert, PhD, Austria (Oct. 87-88)

Marcomini, Antonio, PhD, Chemist, Dip. di Scienze Ambxen—

tali, Universith di Venezia, ltaly (May-June 87)

MoFeters, Gordon, Prof., Microbiologist, Montana State Uni-
versity, Bozeman, USA (Sept.87-Aug.88)

Nowell, Lisa, PhD., Department of Environmental Toxicol-
ogy, University of California, Davis, CA 95616, USA (Jan.
86-Dec. §7)

O’ Connor,John, Prof., Univ.of Missouri, USA (July- Aug. 87}

Paviova Violera, Chemist, Univ. Gbteborg, Sweden (Sept. 36-
87

Pollinger, Utsa, Biologist, Prof,, Israel Oceaonographic and
Limnol. Res. Inst., Haifa, Israel (Aug. 87- July 88)

Ponton, Dominique, Biologist, Inst. de Limnologie, Thonon,
France {Feb.- Dec. 87)

Rebhun, Menahem, Prof., Technion, Haifa, Israel (July- Dec.
g87.
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Schnoor, Jerald, Prof., Environmental Chemistry, University
of lowa, USA (Jan.- Feb. 87 and July-Dec. 88) '

Sridhar, Mynepalli, Prof., Ing., Dept. of Preventive and Social
Medicine, Univ. of Ibadan, Nigeria (Oct. 86- Sept. 87).

Stephanou, Euripides, Prof., Univ. of Crete, Heraklion, Crete
(July- Aug. 87)

Wang, Ao Sheng, Geologist, Inst. Geography, Academia

Sinica, Nanjing, PR China (Feb.-Sept. 87)

Xue, Hanbin, Chemlst Academia Sinica, Beijing, PR China
(March 86- 87).

Yu, Jun Qing, Geologist, Qing Hai Salt Lake Res. Inst., Aca-
demia Sinica, Xinhing, PR China (Sept. 85- June 87).

Zepp, Richard, Prof., Univ. of Miami and EPA, Athens, USA

EAWAG-PuBLICATIONS

Reprints may be obtained by writing to: EAWAG, Library, CH-8600 Ditbendort

(June- Aug. 87)..

Corrigendum:

1239 .

Hoehn, E, Santschi, P.: Interpretation of Tracer Displacement
Buring Infiliration of River Water to Groundwater. Water Re-
sources Res. 23, 4, 633-640 (1987).

New publications:

1245

Bundi, U.: EBinfGhrung in den Gew&sserschutz: - Zum Themen-
bereich Wasser/Abwasser (Kap. 3/2);-Arten und Konsequen-
zen von Gewasserbelastungen {Kap. 3/3). In: “Abluft! Abfalll
Abwasser! Neue Vorschriften und Losungen fir die betriebli-
che Praxis” (Hrsg.: P. Leumann, H. Eicher) WEKA Verlag,
Zlrich 1987

1246

Boiler, M.: Nutrient Removal From Wastewater. 7th Eur, Se-
wage and Refuse Symp. EWPCA-IFAT, Munich, 19-22 May
1987, pp. 253-278.

1247

Sigg, Laura, Stumm, W., Zobrist, J., Zircher, F.: The Chermistry
- of Fog: Factors Regulating its Compaosition. Chimia 41, 5, 159-

165 {1987)

1248
Wegslin, M., Boller, M., Schertenleib, R.: Particle Aemoval by
Horizontal- Flow Houghlng Fiitration. Aqua No. 2, 80-80 {(1987).

1249

Hamer, G., Mason, C.A., Fleischmann, T.: Aercbe thermophile

Vorbehandlung zur Hygienisierung von Klarschlamm - Dar Ab-
~ bau von mikrobiellen Feststoffen. Gas-Wasser-Abwasser 67,

3, 148-156 {1987).

1250

Mason, C.A., Hamer, G.: Survival Activity of Klebsiella Pneu-
moniae ai Superoptimal Temperatures. Bioprocess Engng. 2,
121127 (1987).

1251
Mutzner, H.: Der Chatzenbach bei Regenwetter. VSA-Ver-
bandsber. Nr. 326, Einzelmitgl. Tagung 5.11.88, Dilbendorf.

1252

Bolier, M., Lutz H.: Variantenvergieich zur Erweiterung einer
Abwasserremlgungsanlage mit Nitrifikation. Gas-Wasser-
Abwasser 67,.397-411 {1887).

1253

imboden, D.M.. Restaurierung von Seen: Eine .multi-
disziplinare, dkologische Aufgabe. Gas-Wasser-Abwasser 67,
427-432 (1987).

1254

Ambihl, H.: Seeﬁrestaurlerung in Theorie und Praxis: Eine
Aufgabe des modernen Gewdsserschuizes. Gas-Wasser-
Abwasser 67, 433-439 {1887).

12556
Kari, D.M., Jones, D.R., Novitsky, J.A,, Winn, C.D., Bossard, P.:

Specific Growth Rates of Natural Microbial Communities Mea-
sured by Adenine Nucleotide Pool Turnover. J. Microbiol. Me-
thods. 8, 221-235 {1987).

1256

Mason, C.A., Hamer, G., Fleischmann, Th,, Lang, C.: Biopar-
ticulate Soiubilization and Biodegradation in Semi-Continuous
Aercbic Thermophilic Digestion. Water Air and Soil Pollution
34, 399-407 (1987).

1257

Ahel, M., Conrad, Th Giger, W.: Persistent Organic Chemicals
in Sewage Effluents. 3. Determinations of Nonylphenoxy Car-
boxylic Acids by High-Resolution Gas Chromatography/Mass
Spectrometry and High-Performance Liquid Chromatography.
Environ. Sci. & Technol. 27, 687-703 (1987).

1258

Kistler, R.C., Widmer, F., Brunner, P H.: Behaviorof Chromium,
Nickel, Zinc, Cadmium, Mercury, and Lead During the Pyrolysis
of Sewage Sludge. Environ. Sci, & Technol 21, 704-708
(1987).

1259 .

Marcomini, M., Giger, W.: Simultaneous Determination of Li-
near Alkylbenzenesulfonates, "Alkylphencl Polyethoxylates,
and Nonyiphenol by High-Performance Liguid Chromatogra-
phy. Analyt. Chemistry 59, 1709-1715 (1587).

1260
Wiiest, A.: Ursprung und Grosse von Mischungsprozessen im
Hypolimnion natirlicher Seen. Diss, ETHZ Nr, 8350, Zlrich
1987.

1261
Baccini, P.: Die Schweiz ist gut versorgt - wie wird sie entsorgt?
Chimia 41, 229-231 (1887).

1262

Wan, G.J., Santschi; P.H., Sturm, M., Farrenkothen, K., Liick,
A., Werth, E., Schuter, C.: Natural {*'°Pb, "Be) and Fallout {'"Cs,
st py *5ry Radionuclides as Geochemical Tracers of Sadi-
mentation in Greifensee, Switzerland. Chem. Geol. 83, 181-
196 (1987).

1263
Hamer, G.: Methane: Commercial Substrate or Commercial
Product? Enzyme Microb. Technol. 8, 503-505 {1887).

1264

Géchier, R.: Lake Restoration. Why Oxygenation and amflmal
Mixing Cannot Substitute for a Decrease in the External Phos-
phorus Loading. Schweiz. Z. Hydrol. 49/2, 170-186 (1987).

1265
Internationat Gonference on Lake Restoration at Zurich, 3-4
November 1986. Schweiz. Z, Hydrol, 49/2, 129-274 (1987).

1268
Bihimann, B., Bossard, P., Uehlinger, U.: The Influence of
Longwave Ultraviolet Radiation {u.v.-A} on the Photosynthetic
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Activity (*C-Assimilation) of Phytoplankton. J. of Plankton,
Res. 9, 5, 935-943 (1987).

1267

Czuczwa, J., Leuenberger, ., Tremp, J., Giger, W.: Determi-
nation of Trace Levels of Phenol and Cresols in Rain by Con-
tinuous Liguid-Liguid Extraction and High-Performance Liguid
Chromatography. J. of Chromatography 403, 233-241 (1987).

1268

Marcomini, A., Capri, S., Giger, W.: Determination of Linear
- Alkylbenzenesulphonates, Alkylphenol Paolyethoxylates and
Nonylphenol in Waste Water by High-Performance Liquid
Chromatography After Enrichment on Ocladecylsilica. J. of
Chromatography 403, 243-252 (1987).

1269

Brunner, P.H., Mllier, M.D., McDow, St. R., Mdnch, H.;: Tatal
Organic Carbon Emissions From Municipal Incinerators. Waste
Managem. & Res. 5, 355-365 {1987).

1270

Kuhn, E., van Loosdrecht, M., Giger, W., Schwarzenbach, R.P.:
Microbial Degradation of Nirilolriacetate (NTA) During River
Water/Groundwater Infiltration: Laboratory Column Studies.
Water Res. 27, 1237-1248 (1987).

1271

Siegrist, H., McCarty, P.L.: Column Methodologies for Deter-
mining Sorption and Biotransformation Fotential for Chlorin-
ated Aliphatic Compounds in Aquifers. J. of Contaminant
Hydrol. 2, 31-50 (1987).

1272

Stumm, W., Wehrli, B., Wieland, E.: Surface Complexation and
Its Impact on Gecchemical Kinetics. Croatica Chim. Acta 60,
429-456 {1987}.

1273

Santschi, P.H., Hoehn, E., Lick, A., Farrenkothen, K.: Tritium
as a Tracer for the Movement of Surface Water and Groundwa-
ter in the Glatt Valiey, Swiizerland. Environ. Sci. & Technol. 27,
909-916 (1987).

1274

Johnson, Carola A., Sigg, Laura, Zobrisi, J.: Case Studies on
the Chemical Composition of Fogwater: The Influence of Local
Gaseous Emissions. Atmospheric Enviren. 27, 2385-2374
(1987).

1275

Hshn, E., Santschi, P.H.: Traced River Water as a Basis for
Protection Schemes of Ground Water Recharged by the River.
19% Congress Int. Assoc. Hydrologists, Sympos. on Ground-
Water Protection Areas, Karlovy Vary, CS58R, 8-15 Sept. 1986,
pp. 199- 206.

1276

Stumm, W.: Impact of Resource Use on the Hydrosphere and
Aquatic Ecosysiems. In: "Resources and World Development”
{D.J. McLaren and B.J. Skinner, Eds), J. Wiley & Sons, New
York 1987, pp. 377-388.

1277

Schaffner, C., Ahel, M., Giger, W.: Field Studies on the Behav-
iour of Organic Micropotlutants During Infiltration of River Water
to Groundwater. Water Sci. Technol. 19, 1195-1196 {1987).

1278

Wang, Z., Stumm, W.: Heavy Metal Complexation by Surfaces
and Hurnic Acids: a Brief Discourse on Assessment by Acidi-
meiric Titration. Netherlands J. Agricuit. Sei. 35, 231-240
(1987).

1279
Bundi, U., Stegemann, W.: UVP von Hochwasserschulz-

massnahmen an B&chen im Zrcher Weinland, Gas, Wasser,
Abwasser 67, 701-711 (1987).

1280 ’

Berelson, W.M., Buchholtz, M.R., Hammond, D.E., Santschi,
P.H.: Radoen Fluxes Measured With the MANOP Bottom Lan-
der. Deep-Sea Res. 34, 1209-1228 (1987).

1281

faust, B.C., Hoigné, J.: Sensilized Photooxidation of Phenols
by Fulvic Acid and in Natural Waters. Environ. Sci. & Technol,
21,957-963 (1987).

1282

Zeyer, J., Eicher, Petra, Wakeham, S.G., Schwarzenbach,
R.P.: Oxidation of Dimethy! Sulfide to Dimethyl Sulfexide by
Phototrephic Purple Bacteria. Appl. & Environ. Microbiol. 53,
2026-2032 {1987},

1283

Urech, J.A.: Untersuchungen {iber den Langzeiteinfluss von
Schwermetallen auf das Crustaceen-Plankton. Diss. ETH
Zirich Nr. 8337, 1987.

1284

Baccini, P., Henseler, G., Figi, R., Belevi, H.: Water and
Eiement Balances of Municipal Solid Waste Landfills. Waste
Managem. & Res. 5, 483-499 (1987).

1285

Bryers, J.D., Mason, C.A.: Biopolymer Particuiate Turn-over in
Biological Waste Treatment Systems: a Review, Bioprocess
Engng. 2, 95-109 (1987).

1286 .

Hamer, G.: Poster Review Lecture; Microbial Physiology. Proc.
4th Eur. Congr. Biotechnol, (Eds. O.M. Neiissel et al.}. Elsevier
Science Publ. B.V., Amserdam 1987, Vol. 4, pp. 235-247.

1287

Zircher, F.: lenenchromatographie von hochalpinem Schnee.
In: "Labor 2000°, Sonderpubl. zu Ztschr. Labor Praxis 87/88,
Vogel-Verlag, Wilrzburg, 1987, 5. 54-62.

1288
Stammbach, M.R.: Untersuchungen zur Pyrolyse von
Kidrschlamm in der Wirbelschicht. Diss. ETH Zirich, Nr. 8441,
1887.

1289

Schneider, J., Milier, J., Sturm, M.; Die sedimentologische
Entwicklung des Attersees und des Traunsees im Spét- und
Postglazial. Mitt. Kommission fGr Quartarforschung, Oesterr,
Akad. Wiss. 7, 51-78 (1987).

1290
Siegrist, H., Guier, W.: Demonstration of Mass Transfer and pH
Effects in a Niirifying Biofilm. Water Res. 21, 1481-1487 (1987}

1291 :

Santschi, P.H., Amdurer, M., Adler, D., O'Hara, P., Li, Y.-H.,
Déring, P.: Relative Mobility of Radioactive Trace Elements
Across the Sediment-Water Interface in the MERL Model
Ecosysiems of Narragansett Bay. J. Marine Res. 45, 1007-
1048 (1987).

1282

Vorn Gunten, H.R., Sterm, M., Erten, H.N., Rossler, E.,
Wegmiilier, F.: Sedimentation: Rates in the Central Lake Con-
stance Determined with 2°Pb and '¥Cs. Schweiz. Z. Hydrol. 49/
3, 275-283 (1987).

1263

Matschullat, J., Heinrichs, H., Schneider, J., Sturm, M.: Heavy
Metal Contents in Lake Sediments of the Western Harz Moun-
tains {FRG). Chem. Erde 47, 1B1-1984 (1987}
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1254

Huber, J., Sigel, O., Brunner, P.H.: Survey of Sewage Sludge
Disinfection Processes. Concerted Action: Treatment and Use
of Organic Sludge and Liguid Agricultural Wastes. COST Proj-
ect 681. Commission of the Europsan Communities. 1987,
0.0., 125 pp.

1295
Hamer, G.: Continuous Culture of Bacteria with Special Refer-
ence to Activated Sludge Wastewater Treatment Processes. In:
“Environmental Bictechnology” (C.F. Forster & D.A.J. Wase,
eds.). Ellis Horwood Ltd., Chichester 1887, chapter 8, pp. 318-
346,

1296

Wan, G., Santschi, P.H.: Prediction of Radionuclide Inventory
for Sediment in Lake Greifen (Switzerland). Sci. Geogr. Sin. 7,
353-363 {1987}. {Chinese, english abstract)

1297

Zircher, F., Gisler, 8.: Der Beitrag von Ammoniak zur nassen
Deposition von Schwefelverbindungen. Proc. 4th Eur. Sympos.
on Physico-Chemical Behaviour of Atmo-spheric Poliutants
(Eds. G. Angeletii, G. Restelli}, D. Reidel Publ. Co., Dordrecht
1987, pp. 480-488.

1298

Netiel, A., Sigg, A., Ziircher, F.: Acid Depaosition in a Snow Field
at 2500 m.a.s.l in Switzerland. Proc. 4th Eur. Sympas. on
Physice-Chemical Behaviour of Atmospheric Pollutants {Eds.
G. Angeletti, G. Rastelli), D. Reidel Publ. Co., Dordrecht 1987,
500-510.

1299

Sigg, A., Neftel, A., Zircher, F.: Chemical Transformationsina
Snow Cover at Weissfiuhjoch, Switzerland, SHuated 2500
m.a.s.l. In: “Seasonal Snowcovers: Physics, Chemistry, Hy-
drology” (Eds. H.G. Jones, W.4. Orville-Themas), D. Reidel
Publ. Co., Dordrecht 1887, 269-279.

1300
Ulrich, H.-J., Sturam, W., Cosovic, Bozena: Adsorption of
Aliphatic Fatty Acids on Aquatic Interfaces. Comparison be-

tween Two Model Surfaces: The MercuerEiecirode and 8-AL0,
Colloids. Environ. Sci. & Technol. 22, 37-41 (1988).

1301

Santschi, P.H., Bajo, C., Mantovani, M., Orciuclo, D., Cranston,
R.E., Bruni J.: Uranium in Pore Waters From Northern Atiantic
{GME and Southern Nares Abyssal Plain) Sediments. Nature
331, No. 6152, 155-157 (1988).

1302

Anderson, R.F., Santschi, P.H., Nyffeler, U.P., Schiff, S.L.:
Validating the Use of Radiciracers as Analogs of Stabie Metal
Behaviour in Enclosed Aqualic Ecosystem Experiments. Can.
J. Fish. Aguat. Sci. 44, 251-259 (1987).

1303

Uehlinger, U., Blaesch, J.: The Influence of Crustacean Zo-
oplancton on the Size Structure of Algal Biomass and Sus-
pended and Setiling Seston (Biomanipuiation in Limnocorrals
{I}. Int. Rev. ges. Hydrobiol. 72, 473-486 (1987).

1304

Zobrist, J., Sigg, Laura, Siumm, W., Zircher, F.: Der Nebel als
Trager konzentrierter Schadstoffe. Gewdasser-schutz, Wasser,
Abwasser Nr. 100, Aachen 1987, S. 371-393.

1305

Peter, A.J.: Untersuchungen dber die Populationsdynamik der
Bachiorelie (Salmo trulta fario) im System der Wigger, mit
besonderer Berlcksichtigung der Besatzoroblematik, Diss.
ETH Ziirich Nr. 8307, 1987.

1306

Rippmann, U.C.: Biolegie und Bewirtschaftung der Seeforelle
{Salmo trutta lacustris) des Vierwaldstattersees unter beson-
derer Beriicksichtigung der urnerischen Gew&sser. Diss. ETH
Ziirich Nr. 8449, 1987.

1307

Xuemin, G., Fowler, M.G., Comet, P.A., Manning, D.A.C.,
Dougias, A.G., McEvoy, J., Giger, W.: Investigation of Three
Natural Bitumens from Central England by Hydrous Pyrolysis
and Gas Chromaiography-Mass Spectrometry. Chem. Geol.
64, 181-195 (1987).

1308
Egli, T.: (An)aerobic Breakdown of Chelating Agents Used in
Household Detergents. Microbiol. Sci. 5, 36-41 {1988).

1309

Heigne, J., Bader, H.; The Formation of Trichloronitre-methane
(Chloropierin) and Chioroform in a Combined Ozanation/
Chlorination Treatment of Drinking Water. Water Res. 22, 3,
313-319 (1988).

13310

Leuenberger, C. Czuzwa, J., Tremp., Giger, W.; Nitrated Phe-
nols in Rain: Atmospheric Occurrence of Phytotaxic Poliutants.
Chemosphere 77, 511-515 (1988).

1311

Bloesch, J., Bossard, P., Bihrer, H., Biirgi, H.R., Uehlinger, U.,:
Can Results Frem Limnocorral Experiments be Transferred to
in Situ Conditions? Hydrobiologia 159, 297-208 (1988).
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