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Bacteria with inclusions of polyphosphate
Biochamical studies using Acinetobacter
iohnsonii 210A have demonstrated that poly-
phosphate may be usad as a source of enargy
by bacteria during waste water freatment.

The alectron micrographs shown were teken at
EAWAG for the Microbiology Department of the
Agricultural University in Wageningen, NL

(® A.J.B. Zehnder and Department of Micro-
biology, Agricultural University, Wageningen,
The Netherlands).
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Janus - The Two Faces of Phosphorus

Like the Roman god Janus, the chemical
element phosphorus shows twao different
faces in the environment. One face is
that of overabundance; the other is of
scarcity, While industrialized countries
struggle with the symptoms of excessive
phosphorus relsase, a severe phos-
phorus shortage limits food production
in deveioping countries. In light of this
fact, it is especially irpnje that countries
struggling with a phosphorus surplus
release phosphorus as a waste product
into surface waters, which ultimately
finds its way into the ogeans.

On the 10th anniversary of Switzerland’s
banning of phosphates in detergents,
EAWAG revisited the topic “phospho-
rus” at its yearly information meeting.
The objective was to discuss both

the successes and shortcomings of
strategies used to reduce eutrophication
of Swiss waters. We also attempted

to iltustrate global interdependencies
between mass fluxes and to present

a naw approach for the sustainable
management of essantial elements like
phospherus, where conservation and
woridwide appropriate nutrient supply
should be the driving forces.

The positive developments in the water
quality of Swiss lakes are impressive and
well documented, and a sign that most

of the technical measures have been

and continue to be highly effective. One
might be tempted to think of eutrophica-
tion as a problem of the past. The fact is,
kowever, that continuing to prevent
nutrients from entering surface waters.

will require a significant effort well into
the future, Renewed demands for the
elimination of phosphorus as well as
nitrogen suggest that material fiuxes do
not end at the boundaries of individual
countries, but instead are connected
over large watersheds and ultimately
linked to the oceans.

From the materials management per-
spactive, nutrient fluxes must be con- -
sidered on an even larger scale. The
relatively modest nutrient fluxes into
aguatic ecosystems {which are actually
rather sensitive even to smaii changes) -
are linked to larger fluxes in the geo-
sphere and atmosphere. Nutrient bal-
ances exhibiting overall losses for gsmail

‘or large watersheds are an indisputabie

sign of inadequate management.
Changes in human behavior and tar-
geted redirection of material fluxes are
needed which will, in the long run, S
iead to the active control of individual
elements like phosphorus, as well as

of other anthropogenic eiements and
compounds.

Janus has often bean portrayed above
archways, where he gazes in two oppos-
ing directions. With respect to phos- ‘

" phorus, we too iook in two different

dirgctions: to the past where we can pat
ourselves on the back and flaunt the
successes that restrictions on phos-
phorus use have brought to urban water
management, and to the future, where
we must accept the challenge of estah-
lishing smaller nutrient and water cycles
which will insure the sustainable use of
valuable resources.

/QA | (1 Mca,

Markus Bolier
Head, Department of Eﬂgineering
Sciences
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Table 1

Thirty years pasied until the phesphate ban went
into effect after P was proved responsible for the
entrophicarion of lakes.

Edwin Miller

Banning Phosphates in
Detergents:

Preventing Contamination at the Source

The detrimental effects in natural waters that were caused by certain
components of detergents during the 1950s were the impetus for
preliminary work on legislation to regulate detergents used in laundry,
dishwashing and other cleaning agents. By 1977, the first regulations
on phosphates were issued in Switzerland; the phosphate standards
were subsequently tightened in 19871 and 1983. The phosphate ban on
laundry detergents in 1986 resulted in a reduction in the phosphorus
load to Swiss waterways by about 5000 tons per year. Phosphate
substitutes have apparently not had any detrimental effects on natural
waters, and the washing efficiency of phosphate-free products is

satisfactory.

The Phosphate Ban:
the 30 Year Road to a Law

. The degradarion of Swiss lakes due to
over-fertilization by phosphotus began

in the 1950s with the expanded con-
struction of domestic sewage systems,
the use of phosphates in modern deter-
gents and intensified agriculture. The
Water Protection Law of 1955 required

Enforcement of the Phosphate Ban
19580

1962

phosphate subistitute avaifable.

1982
Law with 3 year transition delay

s
qeme

Development of Legislation from introduction of the First Phos;ahate -Free Detergents to the

Friosphates fuund 0 cause eutmph;catmn in lakas, :

1967 Postulate of National Council member Freiburghaus: the Fedzral Eounu% sheazld assess
measures to counter the dangers of synthatic laundry detergants.

EDI (Swiss Federa! Degariment of the Interior) creates Commission on Detergents.
19641968 Further parlamentary procedural demands against phnshhates in detergents. Ordinary
question (“Kleine Anfrage”] of National Council member Martin to the Federal Council:
what |egislation an phosphates is baing planned in the future? Answer, No viabie

1867 - _Lerter of ED] (Sw;ss Fedzrat Department of [ntenﬂr) tn Cantonr mtmdi;ctlun E}f phusphate
o removal iy sewage treatment plants, -
1969 Report of the Commissian on Detergents Hegu£at|0ﬂs pertaintng to water ;Jallunon contml'
niv phosphate ban,
197t - Supplement to Water Protection Law regelations on products entering wastewaters.
1972 Federai Council issues regulations on compounds in detergents, but no restrictions on
phosphate content.
1874 " - Voluntary agreement of datergerit mdustry on maximum ameunt of phosphate.
1977 Ordingnce on Defergenrs maximal amounts of phasphaz‘es

13811983 Stepwise tightening of phosphate eorcentration standards. | :
Motion of National Council member G‘enwg Oemands phosphate I}an in Water P:atectson

1 982-’—1 983 Hepurt of the Federal Commission on Water Prarecrrun { Gewasserschutzkomm:ssmnf
. phospiates shauid not g used'in detargents. . o

Federal Council issues phosphate ban.

the construction of wastewater sewers
and more effective sewage trearment
plants. The prevention and reduction
of contaminaricn at the source, how-
ever, was not a public issue at the tme, .
even though it was generally. accepred

“thar phosphorus played a key role in

the excessive growth of algae in the
lakes.

Phosphares were regarded as one
of the key players in causing the
eutrophication of lakes and rivers, but
was not seen as the only culprit. From
a technical point of view, the ideal
components of new detergents stood
in the crossfire of criticism. Dispensing
completely with phosphates (i.e., a
phosphate ban) was not viewed as the
only measure needed to improve water
quality.

Afeer the first procedural request to
the parliament by National Council
member Freiburghaus on the probiem

of warer poilution by detergents in
1961 (see Tzhle 1), the federal authost-
ties decided to create a legjslative basis
for imposing regulations on the com-
ponets of detergents. For this reason,
the Swiss Federal Department of the
Interior accepted the suggestion made
by the Commission on Detergents in
1962 o include the article of autho- .
rization in the Warer Protection Law
dated 16 March 1955, It was then
raken into consideration in its full
length version when the law was re-

3
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As a result of the chemical removal of phosphorus in sewage meatment plants and rhe ban on
phosphares in desergents, phosphate concentrations dropped considerably in Swisslakes.

vised in 1971. In a slightdy modified
version, it was again taken into con-
sideration during the 1991 revision:

Art. 92c: The Federal Council issues
regulations on substances which may enter
bodies of warer resulting from their use
and which could, due to their properties
or consumed amounss, pollute naturai
waters or be detrimental to the operarion
of hydrological installations.

Environmental Compatibility of
Phosphorus Substitutes

The detergent industry arcempted to
move away from phosphartes in the
1950s. At the time, organic complex-
ing agenrs were being discussed as
substirutes. In its answer o the inquiry
(“Kleine Anfrage”) made by National
Council member Martin in 1968, the
Federal Council referred to the nega-
tive observations: '

“The substinares found in deter-
genes recommended outside the country
containing a reduced amount of phos-
phates indeed do not possess growth-
promoting effects; they do, however,
demonstrate ar: insuppressible aggression
towards nonferrous and heavy mezals. For
this reasen, the danger of both corrosion
and bleaching on the one hand and toxic
effects on the other arises. As these addi-
tives also cause an increased permeabilicy
in cell walls, the detrimental effects of
mezals and metal compounds on organ-
isms is enhanced and accelerated. Damage

to bacteria in the activated sludge of
sewage treatment plants in the presence
of zinc and the new products (substitutes)
was clearly demonstrated in Sweden.
[Conclusions:] Special regulations which
aim to reduce or eliminate the phosphate
fraction in laundry, dishwashing and
cleaning detergents cannort yer be devel-
oped for the above-mentioned reasons.”

In the mid 1970s zeolites and NTA
appeared as possible phosphare substi-
tutes. It quickly became obvious that
the zeolites were harmless, but there
was great resistance to the use of NTA.

Guaranteed Washing Efficiency

In order to support the breakchrough
against the phosphates, various small
producers of laundry detergents
brought phosphate-free  detergents
based on soap and soda onto the
marker in the mid 1970s. Their success
was minimal, however, as the required
washing efficiency could not be mer
using these products and the efforr of
washing with them was too grear.

The working group [1] set up in
1982 by the Federal Commission for
Warer Protection warked intensively
on the rechnical washing criteria. The
standards of the former Swiss House-
hold Management Institute were use
for judging washing quality; these
standards are still used roday.

Flanking Measures

It was already clear in the 1960s that
the road to phosphate-free detergents
was going to be a long one and thar
the causes of eutrophication in lakes
was not due to the phosphates in deter-
gents alone. For this reason, the Swiss
Federal Department of the Inrerior
issued the following recommenda-
tions on 19 June 1967 to the cantonal
governments [2}: the domestic sewage
reatment plants of lakeside commu-
nities and larger communites and
regional groups of the various carch-
ment areas of the lakes must install a
third treaunent stage designed - to
remove phosphates from wastewater
using chemical precipitation. The re-
quirement by law o install phosphorus
removal in sewage treatment plants in
the drainage areas of lakes followed
eight years later as the Ordinance on
Sewage Effluents went into effect.

Effects of fhe Phosphate Ban

Ar the same time that the phosphate
ban was activated on 3 July 1985, the
former Swiss Federal Office for Envi-
ronmental Protection was authorized
to carry out 2 comprehensive invesriga-
tion of NTA in natural waters: NTA
was expected to appear in detectable
concentrations in lakes and rivers -in
spite of its limited use in laundry derer-
gents and its high biodegradability.

The scepticism first encountered to
NTA could be almost completely
allayed in Switzerland when it was
detected in only trace amounts in
surface warters and was practically
undetectable in drinking water and
in groundwarer (see results of ten year
study on NTA and EDTA in Swiss
watess [3]).

The elimination of phosphates from
laundry detergents is bur one of
the measures tken 1o counter the
eutrophication of lakes in Switzerland.
It must, however, be mentioned thag
the stepwise reducton in the phos-
phate content of laundry detergents
from irs initiation in 1981 to a total
ban in 1986 has lead to a drastic re-
duction in the phosphate content of
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The sewage freatment plants around the Lake of
Geneva began removing phosphorus after 1967,
leading to a reduction in phosphorus concentra-
tions after that time. This result was intensified

by the phosphate ban in 1986,

domestic sewage, resulting in 2 consid-
erable reduction in the contamination
of natural waters.

The declining concentradons of P
in most lakes (Fig. 1) and in the largest
rivers has resulted from both the phos-
phate ban and the simultaneous intro-
ducton of a chemical phosphate re-
moval stage in domestic sewage plants.
Fig. 2 shows a clear decline in phos-
phorus concentrations after 1979 in
Lake Geneva — 6 years before the phos-
phate ban went into effect in Switzer-
land. Lake Murten shows a distince
trend as well, largely as a result of the
phosphate ban (Fig. 3). Between 1985
and 1995, P concentrations dropped
from abour 100 pg/l to abour 40 pg/l.
The oxygen contenr of the lake water
should not be less than 4 mg Oyf] ar
any time and at any depth withour
using artificial means; exceptions in-
clude unfavorable conditions due tw
natural causes.

A distinct decline in phosphorus
concentrations as a resuit of the con-
struction of several large sewage treat-
ment plants and reduced amounts
be measured in rivers such as the Rhine
in Basel (Fig. 4) after 1980. After the
phosphate ban went into effect in
1985, the phosphorus concentrations
again decreased markedly. The addi-
tional reduction in phosphorus con-
centrations after 1990 is a result of
introducing phosphorus removal in
sewage treatment plants with capacities

of over 20'000 per capita units in the
drainage area of the Rhine downstream

from the lakes.

Switzerland's Pioneering Role in
Europe

Switzerland was the only country in
Europe to introduce the phosphate
ban. An exchange of information ook
place during a conference involving
numerous European experts in 1988.
The Swiss experts in warter poilution
control tried to convince the other
participants at the meeting abour the
effects and success of the phosphate
ban. At the time, a general reluctancy
to ban phosphates in detergents existed

throughout Europe. Neither other

European countries not the European
Commugity (EC) were expected 1o
follow Switzerland’s example. In spite
of this, phosphate-free detergents are
mostly being sold in Europe rtoday,
especially in Germany and in The
Netherlands.

The Phbsphate Ban:
a Positive Report

When the phosphate ban on P in laun-
dry detergents went into effect in 1985
and for the first time in Swizzerland's
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Fig. 3
The decline in phosphorus concentrations in
Lake Murten observed in the early 19805 has

continued io the present as a resmlt of the

phosphate ban of 1986, The phosphoris con-
centrations drapped by half during this time.
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As a resulr of the phosphate ban, distineely
markedly reduced phosphorus concensrazions
have been measured in the Rhine in Basel since

1986,

short history of environmental legisla-
tion, a successfil measure was intro-
duced to reduce water pollution at its
source.

Although the EC has not yer issued
a comparable law, Switzerland’s phos-
phate ban has nevertheless had a
distincr influence oa the trends of
detergent development in Europe.

The phosphare ban remains one of
the main measures employed to com-
bat eutrophication of natural warers
in.Swizerland. A considerable decrease
in phosphorus pollution in lakes has
already been realized.

No negative consequences for
consumers have tesulted from the
phosphate ban which demanded new
solutions in the development of deter-
gents. The washing quality has also be
maintained using the new phosphare-
free detergents.

1] Federal Office of Environmene, Foresss and
Landscape (BUWAL) 1983: Waschmireel-
phosphate. Berichr der Eidg, Gewiisserschurz-
kemmission {iber die Phosphotbelastung der

"Seen und die dkologischen sowie die wasch-
technischen Auswirkungen bei einem Verziche
auf  Waschmitelphosphare.  Schriftenreihe
Umweltschuez, Ne. 14.

2] EDI (Swiss Federal Deparzment of Interior),
Lewter to Cantons, 1967: intoducton of
phosphate removal in sewage reaument plants

[3] BUWAL 1996: NTA dans les eaux {mit dewt-
scher Kurzfossung). Cahier de environne-
ment, No 264. ’

5]
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Phosphate Substitutes in Laundry
Detergents and Cleaning Agents

Alfredo C. Alder
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Devils in Disguise?

Laundry detergents and other cleaning agents are products used in
large amounts by both the general public and industry for cleaning
textiles and solid surfaces. In Switzerland in 1994, for example, the
amount of detergents consumed was about 20 kg per person. Their
disposal mainly occurs with other wastewaters as sewage. These
chemicals illustrate clearly how measures in environmental protection
have evolved from reactions to recognized problems to the develop-
ment of precautionary plans and action [1].

Detergents conrain various compo-
nents which differ considerably in their
chemistry and action: active com-
pounds (surfactanrs), builders, bleach-
ing agents and additives. The builder
system is the main component of pow-
dered faundry detergents, amounting
1o 35—45% of the detergent. 15 main
function is to reduce warter hardness;
that is, to bind calcium and magne-
sium ions. Two chemical processes can
be used for this purpose: complexation
and ion exchange. The objecrives of
using builders are to: a) sustain the
function of the surfacrants, (b} prevent

Zeolite A Polycarbo-
. xylates

Fig. 1

Phospho- NTA Citrate Soda

Amount of builders used from 19911994 in products consumed by the general public as well as by
industry according to informarion from the Association of the Swiss Seap and Detergent Industry

(SWI).
g

depositions (incrustations on textiles)
and to ¢) enhance the effectiveness of
washing (soil removal).

Triphosphate (also known as “tri-
polyphosphate” or simply phosphate),
first introduced in the 1940s, proved
w be an ideal builder regarding irs
application technology. The eutrophi-
cation of lakes eventually led to lower
allowable amounts of phosphate in
detergents and even to bans on using
phosphates in many industrialized
countries. An increase in the spread
of phospate-free detergents can be
observed internationaily.

The funcrions of phosphate in deter-
gents cannot be replaced by a single
substance; a combinarion of various
compounds, so-called phosphate sub-
stitutes, are needed {Fig. 1, Table 1).
With reference to an earlier publication
[2], only those builders and cobuilders
which are urilized in detergents con-
taining either no phosphate or reduced
amounts of phosphate are discussed:
here. When substituting an entire
builder system for a single substance
like phosphate, the question arises as
o whether a “devil in disguise” situa-
tion has not been created, where “bad”
has been replaced by “worse”.

Zeolites

For the past decade, the most im-
portasit builder in detergents has been
the synthesically produced zeolite A.
Zeolites are naturally or synthetically
produced sodium-aluminum silicates
with the following general composi-
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Chemical soructures of polycarboxylates.

tion: Na,O x ALQ; x aSi0; x bH,0.
Zeolite A has a known crystalline struc-
ture with an average particle size of
2.5 10 3.5 Um.

The main function of zeolite A'in
derergents is to soften water through
ion exchange; sodium ions in the pore-
water are replaced by calcium and
magnesium ions from the wash water.
The fraction of zeolite A in detergent
formulations amounts 1 15-25%,
together with a so-called cobuilder.
Through the addition of these poly-
carboxylates or phosphonates, the
capacity of the zeolite for ion exchange
improves. It is noteworthy thar zeolire
A also has a good carrying capacity for
liquids such as surfacrants. A detergent
in powder form needs a liquid carrier
like zeolite A. The detergent industry
has produced a major achievement in
developing compact laundry detergents
based on zeolite. The compact derer-
gents currently in use in Europe are
almost exclusively based on zeolite A.

Zeolite A, a fine insoluble powder, is
removed to 95% in the sewage sludge
during mechanical-biological sewage
treatment, leading to an additional
increase of 15'000 tons/year of dried
sewage sludge in Swirzerland [3]. Zeo-
lite A, as well as the newly-developed
zeolite D undergo a slow process of
hydrolytic decomposition in the envi-
ronment, yielding aluminum oxide
and aluminum silicate. The pardally
soluble, newly developed layered sili-
cates are also effective detergent build-
ers, bur their use remains restricted due
to their instabilicy above 60 °C.

Palycarboxyiates

Polycarboxylates are water-soluble, lin-
. ear polymers characterized by numer-
ous carboxylate groups (Fig. 2). The
high charge density and the chain
length of the polymers determine the
physical and chemical properties of this

class'of substances. In detergents, they
are used in the form of polyacrylates as
well as copolymers of acrylate and

maleinate, with an average molecular -

mass of approximately 70’000 aromic
mass units.

The main function of polycarbo-
xylates in detergents is their “threshold
effect”; thar is, they act as dispersing
agents to prevent the deposition of salts
on the fabric. In contrast to the com-
plexing agents, polycarboxylates are
used in sub-stoichiometric amouns,
so that a fraction of 2% to 6% in
detergents in combination with other
builders is sufficient. At high excess
amounts of free calclum lons, the
almost insoluble calcium polycarbo-
xylate precipitates, and the dispersing
effect is lost. Softening the water, by
addition of zeolite A or a2 complexing
agent, is required for the polycarbo-
xylate to function effectively.

In wastewarer, polycarboxylates pre-
cipirate as insoluble calcium poly-
carboxylates due to surplus calcium.
Experimental work conducted to date
has not yer indicated that there are any
detrimental effects on wastewarer trear-
ment processes. Strong adsorption can
be expected when sludge conraining
polycarboxylates is applied o soils as
ferrilizer, especially by high molecular
weight compounds.,

The polycarboxylates and the phos-
phonates described below have three
significane disadvantages with regard
to their environmental compatibility:
incomplete  biodegradation during
sewage freatment, concenuration in
sewage sludge, and the lack of analyti-
cal rechniques to moniror their fate in
the environment. Their detection in
the environment is extremely difficult
due ro the composition of complex
mixtures of this class of substances.

ATMP
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Fig. 3
Chemical structures and abbreviasions of phos-
phonares.

Phosphonates

Phosphonates, 'the sales of the organic
phosphonic acids, are characrerized by
the presence of several PO3- groups
in each molecule. Phosphonates have
been used for decades in large quant-
ties in hydrotechnology for preventing
scale build-up in cooling water circuits
and steam boilers. Four different phos-
phonates are commeonly used in deter-
gents (Fig. 3).

Phosphonates in detergents both
prevent the deposition of incrustations
on fabric as well as stabilize the bleach-
ing agent during washing and storage.
Because of the phosphonares’ threshold
effect {optimal effectiveness ar very
low concentrations), they comprise
only 0.2-0.5 parts by weighr of deter-

palycarboxylates, phosphonates

Phosphate Substitute Chemical Effect Function ip Washing Process -
zeo!i:e A ze_q!%_se_ P,_la_yered silicates ion exch_aﬂge reduction of water harr_jness
itrilotriacatate (NTA}, citrate: ", - | complexing agent . | reduction of water hardness

threshold effect

inhibition of precipitation

Tab 1

Chemicals used as substitutes for phosphate in detergents and other cleaning agents.
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gent components in combination with
other builders.

Phosphonates are almost nondegrad-
able in mechanical-biological sewage
treatment plants under aerobic and
anaerobic conditions and can only be
removed partially [4]. Alchough phos-
phonates are very water soluble, they
exhibit a strong affinity for the mineral
fraction in the sedimenss. In addition,
various, phosphonates have different
complexation behaviors so that each
phosphonate must be investigared
separately in order to assess its environ-
mental compatibility.

Nitritotriacetate [NTA}

The sofiening effect of NTA on water
is based on the complexing of calcium
and magnesium ions. Comprehensive
investigations on NTA and the related
compound EDTA have been carried
our in Swirzerland [3, 6]. The good
biodegradability of NTA has been
extensively documented. The phos-
phate ban and the partial substitution
of NTA for phosphate in derergents
has not led to an increase in NTA
concenrrarions in lakes, Thanks to the
availability of a specific and quantita-
tive analytical technique to derect
NTA, it is possible to carry our both
monitoring and process-oriented field
studies,

Citrate

Similar to NTA, citrate has a softening
effect on warer which occurs via the
complexing of anions responsible for
hard water. The environmental com-
pasibility of citrate is very high as it is
a naturally occurring compound and
is quickly biodegraded. However, the
fact thar the builder effect decreases
above 60 °C is a disadvantage. Deter-
gent formulations may contain up to
10% citrate.

Amount of Builders Consumed
in Switzerland

The amount of builders and cobutiders
consumed in Swizzerland from 1991
to 1994 are depicted in Fig. 1. The
amount of zeolite A used in 1994 was
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Distribution of builders wsed in detergents and cleaning agens according to their washing effectiveness

and enviranmental comparibility

15'000 tons, a 20% reduction over
four years. This is probably the resulr of
lower washing temperatures making
the increased use of cicrate possible.
Zeolite A remains an important com-
ponent of detergent formulations. Its
use may decrease, however, by partial
substirution with zeolite, zeolite P and
novel silicates. Approximately 2000 t
of polycarboxylates and 500 t of phos-
phonates were also used, the trend of
the former rising, that of the larter
remaining unchanged. In 1994, only
1000 ¢ NTA were used. Due to inter-
national efforts towards integration in
Europe, the use of NTA as a phosphate
substitute is also been expected to de-
cline. Soda (sodium carbonare) is re-
garded as a builder; as a cobuilder, it
causes an increase in the pH of the
washing water.

Environmental Compatibility
and Washing Efficiency

Phosphare substitutes are depicted in
Fig. 4 according to their environmental
compacbility and washing effective-
ness. Triphosphate is effective, but its
use is problemaric on the environ-
mental side. Conversely, citrate is envi-
ronmentally highly compatible, but is
inefficient above 60 °C. As mentioned
above, polycarboxylates and phos-
phonates show certin disadvantages
in their environmental compatibility.
Polycarboxylates, being near-natural
compounds, ate more easily accepted

than the phosphonates. Phosphonates

are judged more negartively because of
their complex chemical behavior.

The builder systems used today wash
highly effectively. To dare, however,
oprimal environmental comparibility
has not yer been achieved. In summary,
we can state that phosphate in deter-
gents has been replaced by chemicals
which current research assesses as
marginally compatible with the envi-
ronment.

[} Giger W, A.C. Alder, P Ferndndez und E.
Molnar, 1994, laundry. Detergenss and
Cleening Agents: from Reactive to Preveative
Environmental Protection. EAWAG  news
36E, 26-29. '

2] Giger W und T. Conrad, 1985. Phosphai-
ersazstoffe  in Waschmiuweln uad  ihre
aquatische Umweltverusiglichkeis, [n: Wasser
Berlin 83, 362-377. Wissenschaftsverlag
Spiess, Berlin.

{3] Sieprist H.R. und M.Boller, Effects of the
phosphate ban on sewage trearment, EAWAG
news 42E, 9-11 )

(4] Gledhill WE. and T. Feijel, 1992, Environ-
mental Propertes and Safery Assessment of
Organic Phosphonases used for Deterpents
and Water Treavment Applications. In: Deser-
gents, eds, de Oude NUT,, 3, Parc F: Anthropo-
genic Compounds, 261285, Springer-Verlag,
Bedin.

{5} Giger W, C. Schaffner, RG. Kari, H. Ponusz,

B Reichert und O, Wanner, 1991. Aufireten
und Verhalten von NTA und EDTA in
schweizerischen Fliissen. Mir, der EAWAG
32D, 27-31.
Giger W., Micropollutznts in the Environ-
ment, from Environmentel Monitering o
Process-osiented Field Smudies, EAWAG news
4QE, 3-7

6] Houriec J.-B, 1996, NTA dans fes caux
(a) Cahizs de Penvironmens No 264,

(b) Documents Environment No 34, Bundes-
amt fir Umwelt, Wald usd Landschaft
(BUWAL), Bern. '
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Simultaneous precipitation was introduced in
1990. The P load in the primary effluent could
be additionally reduced by remurning the iron-
containing excess siudge to the primary clarifier.
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On account of the P ban, the removal efficiency
through the incorporation of phosphorus by
the biomass has become similar to that before
the introduction of polyphosphases in laundry
detergents,

Hansruedi Siegrist and Markus Boller

Effects of the Phosphate
Ban on Sewage Treatment

As a result of the Swiss phosphate ban, the dissalved P load in raw
sewage has been reduced by over 50%. But what effects has the -
phosphate ban had on municipal drainage and the operation of
sewage treatment plants? In what ways can biological phosphate
removal result in a reduction in the consumption of precipitation
agents? How does the phosphorus flow in municipal drainage
influence the P-balance of Switzerland and the exporiation of P to

neighboring countries?

Changes in the Composition
of Sewage

Since the phosphates used in deter-
gents were largely composed of soluble
polyphosphates, .a shift towards an
increased solid fraction was realized
following the phosphate ban, in addi-
ton to the substandal reduction in
total P loads. Today, polyphosphates
are used almost exclusively in dish-
washing detergents. Only abour 2% of
the P load consists of non-degradable
phosphonates originating from laun-
dry detergents and cleaning agents [1].
The fraction of phosphorus originating
from feces and domestic waste exists
as particulate and organically-bound
forms. Almost all of the orthophos-
phate fraction originates from urine
{see Table 1},

The dissolved P load has decreased
by more than 50% since 1980 and
currently amounts to abour 70-80%
of the total P load in primary effluent.

Raw sewage 1980 1954
gPcta! | gPcia?
Urine 450 450
Feeces - o200 2000
Household wastes | 100 100
Laundry detergents |+ 750, = | . 80
other detergents and .
cleaning agents 170 1o’

- [ cmbff fromurban - [
argas. ol S g s Bl
Total ' 1720 - g0
Tab 1

Total (gross) phosphorus loads per capita enter-
ing raw sewage according to the phosphorus
source {1, 2, 3, 4],

Since sewage has become more con-
centrated over the past 15 years, due o
the intensive separation of extraneous
water, we have chosen the ratio of
P/TOC as an indicator of the decline
of P in sewage.

Assuming thar the C load remained
relatively constant, a decrease of >50%
in the P/C ratio in primary effluent
berween 1980 and 1990 was realized.
This decline can be clearly seen, both
for the stepwise reduction in the con-
centration of P in detergents in 1981
and 1983 as well as for the phosphate
ban in 1986 {Fig. 1).

Effects on Sewage Treatment

Plants with Mechanicat and Biological
‘Treatment

In conventional sewage treatment
plants with both mechanical and bio-
logical steps, some of the pasticulate
phosphorus is removed in the me-
chanical treazment stage (10-20% of
the P load of the raw sewage). The
extent of I removal in the biological
step depends on the biomass produc-
tion and the phosphorus demand of
the microorganisms. As the rate of
sludge production is largely deter-
mined by the amount of organic com-
pounds in the sewage, the percentage
of P removal in a sewage treatment
plant mainly depends on the rato of
the nutrients, i.e., the ratio F/TOC in
the primary effluent. In sewage com-
posed exclusively of domestic waste-
water, the efficiency of P incorporation
in activated sludge is 30-50% of the.
P load in the primary effluens {before

8
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CTab 2

1980 {ronnected to sew.trpl. 70%) | 1994 [connected o sew.trpl. 52%)

Amgunt | Concen- | Ploads | Amount | Concen- | Ploads

of water | tration of water | tration

1Emiat| gPmd tPa | 1Emia | gPm? P!
Mech-biolog. treated 8O0 | 34 2710 {400 16 640
with chem. P precipit, . | 800 0 D80 TR0 e b e T8
with floceulation filtration - - - | 180 02 40
diffuse Sources © - ¢ [ 80| T 4D 08 | e
sewer overflow 250 35 870 | 750 18 459
Total wastewater 2000 450G | 2050 1900

Comparison of the rotal net P loads from watewaters incl. sewer overflows in 1980 and 1994. An
additional 1900 t P a4~ originate from difficse agriculiral sorrces.

the P ban, it was 15-20%)}. Currently,
50~60% of the P load is being removed
from raw sewage without using P pre-
cipitation.

Results of previous and current
assessments demonstrate that as a
consequence of the phosphate ban for
detergents, the conditions prevailing in
1960 may be attainable (Fig. 2}. In
catchment areas below lakes, where the
precipitation of phosphorus was nor
mandarory, a reduction of abour 60%
in the P load was achieved as a result
of the phosphate ban.

Effects on the Chemical Precipitation
of P and on Flocculation Filtration

~ Because of the phosphate ban, lower
concentrations of P in the outflow were
observed, despite a 50% reduction in
the use of precipiration agents. Several
reasons may account for this:

» The residual concentration of P for
precipitation was reduced by 60%.

¢ Non-precipitable fractions of poly-
phosphates declined markedly.

» The P content of the activated
sludge, i.e., also the parriculate load of

5.0 - : 1 T 1 ™
= before Pban
~.. ~e after P han

1.0 . -

25 g

05 + R -

026} Tos E

P diss in sffuent in mg P/
A

0,10+ 7

1 1 i 1 1 |
D'USO 05 1.0 5 20 25 30 35

molar ratio of Fa/P g in influent
Fg 3
Effect of FelPy, ratio in the precipitation basin
of waste water treatment plants on the artain-
able residual dissloved phosphorus concentravion
in the secondary effluent.

ic

P in the secondary effluent, decreased
by abour 40%.

Ia the past, a ratio of Fe/Pg, >2.3
was needed to atrain concentrations
of <lgP, m? corresponding to
<0.4 g Py, m-3 (the particulate frac-
tion being 0.5-0.6 g P m™) in the out-
flow. Today, however, concentrations
of 0.4 g P, m™ (the particulate frac-
tion being 0.2-0.3gPthe m?) at
a ratio of Fe/Py,, >2 can be arained
(Fig. 3).

It is obvious that the slightest effect
of the P ban can be observed in sewage
tzeatment plants with flocculation fil-
tration because the removal was already
above 95% before the ban. The sewage
plant which has been observed most
regularly for the longest period is ARA
Hochdorf. The residual P concentra-

tions after flocculation filtration were

reduced by abour 0.05 to 0.1 gP m™
after 1986.

Enhanced Biological Removal of P

Parallel to the introduction of con-
tinuous pre-denitrification, enhanced
biological phosphorus removal should
be investigated as a possibile tool for at
least partially replacing chemical pre-
cipitation. Using an anaerobic/anoxic/
aerobic flow scheme, the activared
sludge can be enriched with polyphos-
phate-accumulating bacteria [5]. The
advantage of these phosphorus-storing

organisms is thar they can accumulate

a substrate in an environment which
inhibits the growth of other bacteria.
Other bacteria can only utlize the
readily degradable substrate efficiently
if a corresponding electron accepror
(oxygen or nitrate) is available, as they
do not possess the ability to store it.
Depending on the hardness of the
water, a portion of the phosphate is

precipitated as “calcium phosphate”
because of the increased concentrarions
of phosphate in the anaerobic rank.
This amounts 1o about 50% of the
polyphosphate content of the excess
sluge resulting from the sewage of the
city of Zurich[6].

As the ratio of COD:N:P of Swiss
dornestic sewage is 60:6:1, most of the
dissolved phosphorus can be stored
using enhanced biological P removal.
Due to the strict effluent standards in
Swirzerland it is usually necessary to

-carry our the precipitation of residual

P in order to bridge over times of
decreased substrate availability. In
addition, a residual precipitation with
iron in the activated sludge tank would
bind the hydrogen sulfide produced
in anaerobic sludge treatment and
thus prevent corrosion problems in the
utilization of biogas.

Prior to the P ban, the enhanced
biological removal of phosphate made
lile sense ~ an additional massive
precipitation would have been neces-
sary. This would have intetfered with
biological Puprake. As the amount of
precipitated sludge is reduced chrough
enhanced biological P removal, it can
be assumed that the integration of the
latter into a well-designed denitrifying
treatment plant would nor lead to an
enlargement of reactor volume. The
nonaerated reactor space would be
slightly enlarged ar the expense of the’
aerated tank. In a sewage trearment
plant with biological removal of
phosphorus a simultaneous thickening
of primary and secondary sludge will
cause 2 partial reléase of the stored
polyphosphate in the primary clarifier
and the sludge thickener, and thus lead
o a recontamination of the waterflow
with PO; [6]. For this reason, a sepa-
rate dewatering of the excess sludge can
be advantageous.

Phosphorus Load in Sewage Sludge

The P ban caused an average decrease
in the concentration of P in sewage
sludge from 32 in 1984 o 23gP
gl dry matter (dm) in 1989 [7]; P
declined from 40 t0 27 gP g! dm in
those plants with simultaneous pre-
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cipiration. As the amount of sludge
increased during this time and pre-
cipitation and flecculation filtrarion
systerns wete instalied in many plants,
the P load in 1994 once again reached
the level of 1980 (Fig. 4). The specific
load of sewage sludge per capira has
hardly declined because zeolites have
been introduced as substitutes for
phosphates; these amounr o roughly
6% of the dry solids of the digested
sludge.

Phosphorus - the Current
Situation in Switzeriand

Municipal Drainage - Domestic Sewage

As a result of the P ban dand improved
sewage treatment, 2600 t P 27! could
be prevented from reaching natural
waters (comparing 1980 to 1994);
1500 ¢ solely through chemical pre-
cipitation (Table 2)." By installing P
precipitation in all sewage trearment
plants, the P load can be reduced by a
further 400 ca. _
The P load in sewage sludge
amounts o approximarely 5000 ra™'.

Without the P ban, the pollution of

naturzal warers with P would rise to over
2300 ta™! and the P load in sewage
sludge to over 9000 cat even if the
precipitation of P became widespread
in sewage treatment.

Comparison with the Total Turnover of
Phosphorus in Switzeriand

The turnover of phosphorus in Swit-
zerland has been calculated - from
several sources {1, 9, 10, 11, 12}
(Fig. 5). The rotal P load in sewage
(ca. 7000 t a™!), compost, and garbage
corresponds roughly to the consumed
P load in the form of food, laundry

commercial

compest SPHERE
teed 67 accumulation sevage sludge garbage,
spwaga sludge

Fg 5 4
Phosphorus balance
of Swiszerland in HYDROSPHERE
1994 (flow rates in sedim, in lakes
1000+ P2}, !
The flow rates for

1983, i.c. before the P
ban, are in parentheses.

detergents, and cleaning agents (ap-
prox. 9000 ¢ P a!). About 2000 ¢ a™!
enter natural warers; around 5000t
P a™! are stored in sewage sludge.

The diffuse load of P entering natu-
ral waters from agriculture, approxi-
mately 2000 ra!, corresponds to the
amount from treated sewage. Taking
into account the sedimenration of P
in lakes, the P load exported through
natural waters has declined during the
past few years from 6000 to approxi-
mately 3000 ¢ P 2!, .

Due to the reduction in the use of
commercial fertilizers, the accumula-
tion of P on agricultural land has
decreased to 14’000 ¢ a~!. The inpur of
P is, however, more than twice as high
as the P demand. The P load in the
utilized sludge would suffice, in com-
bination with the imported feeds, to
cover the P demand in agriculture
(removal through foodstuffs and -soil
leaching). Withour 2 P ban, many
resources containing P would be lost
through | incinerarion and (landfill)
disposal of sewage sludge.

Conciusions
As a resulr of the phosphate ban and

improved sewage treatment, the total
load of phosphorus from municipal
drainage {treated ‘wastewater, storm-
water overflow, diffuse sources) has
decreased during the past 15 years by
about 60% to approximately 2000 ¢
P al. Approximarely the same P load
runs off agricultural land into our
narural waters. Taking into accounc the
sedimentation of P in lakes, the P load
exported through narural warters has
been reduced during the past 15 years
by 50%, from G000 to approximarely

armespheric.
inpuy

( PEDOSPHERE
fertiizer 13 (20) AGRICULTURE

oed,
datergents, other
cleansing agents

C outtiow to asighbering countiies )

3000 t P a™'. Lower effluent concentra-
tions can be realized at this time using
half the amount of precipitation agents
utilized before the P ban was put into
effect because the dissolved residual
phosphate has been reduced by G0%
afrer mechanical-biological trearment.
In sewage treatment plants with de-
nirrificacion the amount of precipi-
tation agents can also be drastically
reduced if enhanced removal of P is
introduced. Prior to the P ban this
strategy would not have been very
useful as high residual precipitation
inthibits the polyphosphate storage.

{1} Verband der Schweiz. Seifen- und Waschmit-
telindustrie (1993). Erfassung der in der
schweiz. Wasch- und Reinigungsmittelindu-
strie verwendeten wichtigsten Rohstoffe.

£2] Ciba Geigy (1977) Wiss. Tabellen Geigy, Teil-
band Kérperfliissigkeiten, Bed., Basel.

3] Paped E (1993) Lehrbuch der Abwasser-
technik und Gewiisserschutz, Deutscher Fach-
schriften Verlag, Wiesbaden. .

4] Koppe B und Stozek A. (1990) Kommunales
Abwasser, Vulkan Verlag, Essen.

[5] Siegrist H. (1994) The removal of Nurrients in
Activated Sludge Systems, EAWAG news 37E,
11-16. :

{6] WAild D. & Siegrist H. {1996}, Die Schlamm-
behandlung auf Abwasserreinigungsarlagen
mit  biolopischer  Phosphatelimination,

. EAWAG Beriche.

[7]1 Candinas T., Chassot G., Besson 1., Lischer B
(1991) Nutz~ und Schadstoffe im Klis-
schlamm, Schw. Landw. Fo., 30 (1/2}, 45-55.

[8] BUWAL (1985 Gewisserschumzstacisuk,
Schrifienreihe Umwelrschurz Nr. 46.

[9] Braun M., Humni E. und Spiess E. (1594
Phosphor und Stickstoffiiberschiisse in der
Landwirtschaft und PARA-Landwirtschaft,
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[10] BUWAL {1994) Daten zum Gewisserschurz
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Regionale Bewirtschaftung von  Biomasse,
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[12] Baccini B (1985) Einschrinkung des Phos-
phacverbrauches — Ein Beitrag zum Gewisser-
schurz, GWA, No.1, 1-6.
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Bernhard Wehrli, Alfred Wiest, Heinrich Bihrer, René Géachter
and Jirg Zobrist

Decreasing Eutrophication
in Swiss Lakes

Has eutrophication of lakes decreased as & result of the phosphate ban
or because of phosphorus removal by sewage treatment plants? The
answer can be found using simple balance models; one such model
is that substituting phosphates in detergents has accelerated lake
restoration, The P ban, in combination with phosphate removal in
sewage treatment has lead to decreasing phosphorus inputs into Lake
Geneva and Lake Ziirich by 50% and 60%, respectively.

The reality of exponential growth
curves had a lasting effect on the po-
litical consciousness of Swiss citizenry
from 1950 o 1970. Increases have
been noted in not only the length of
the highway network, the number of
aparrments, airline passengers, and
washing machines, but he concentra-
tion of phosphorus in the lakes has also
increased more rapidly from year to
year as a result of this growth, Detri-
mental effects to lakes occurred quickly
and drastically and have also exponen-
tially motivated public awareness and
concern for Swirzerland’s lakes. A series
of measures, unique in the world, was
developed to reverse the eutrophica-
tion process in the lakes: introduction
of phosphare precipitation in sewage
treatment plants, initialization of a
phosphate ban for rextile detergents,
introduction of control measures in
agricultural practices and, in difficult
cases, installacion of artificial aeration
in lakes.

In order to test the effectiveness of
the various measures, we began rto
analyse the phosphorus fluxes in lakes
using a ubox madel (Fig. 1). The phos-
phorus content of a lake decreases
when the inpurs via inflowing rivers
and the atmosphere are lower than the
sum of the export via outflow and net
sedimentation: Change in content =
input - outflow - net sedimentation
AP/At :Pinh P(,ut-S

The change in the phosphorus con-
tent P can usually be easily determined
because phosphorus concentration is
measured several times per year. The
ourflow is determined using the phos-

phorus concentration at the surface of
the iake and the outflowing amount of
water. These two quantities are known
quite precisely. Using longterm mea-
surements, one can calculare the ratio
of B, the average concentration in the
outflow to the average P concentration
in the lake. This enables us to extra-
polate in what way the concentration
Pout in the outflow will change in the
future when the content in P decreases:
Pou =P/t P

The lower the hydraulic residence
time t of the lakewater the higher the
annual export of phosphorus. Because
the lake of Zurich has a residence time
of 1.2 years, a large fraction of the
phosphorus flows ouc through the
Limmat River. An analogous approach
can be postulated for ner sedimenta-
tion:
S=g-P

The ner sedimentaton will also
decrease when the phosphorus con-
centration in the lake declines. This
however, can only be expected to occur
when the sedimentarion of biomass
decreases due to a slow down of the
algal growth rates. In general, too few
reliable datz on net sedimenrarion have
been acquired for Swiss lakes. Assum-
ing that both phosphorus sinks — our-
flow and ner sedimentation — depend
linearly on the phosphorus content,
fature trends can also be forecase:
AP/AL =P -(B/t+ o) P _

If the inputs remain constant, a sta-
tionary state [AP/At=0] will be reached
after a long enough dme in which the
phosphorus content is determined by:
Paonay = P/ B/ T+ 0).
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Effects of the phosphate ban after 1986 on the P concentrazion in a) Glarr River, b) Lake Geneva, ¢} Lake Zurich and d) Lake Sempach,

This means that the ‘phosphorus
inputs directly determine the final siare
of the lake. It is difficult, however, to
determine the exact inpur amounts. In
order to carry out a survey of inflowing
waters, a whole nerwork of sampling
stations usually has to be set up. Apart
from this, new on-line measurements
have shown that a few strong rain
events are responsible for a large frac-
tion of the annual phosphorus load
in rivers. Rapid transport through soil
macropotes coneributes significantly to
the large nutrient input during such
periods of high discharge [1]. In this
context, the simple balance model of
the lake hclps in assessing the quality
of monitoring programs of the river
input. The simple balance model helps
in assessing the quality of the investiga-
tion program/sampling and measure-
ments carried out in inflowing waress
using data from the lake.

The phosphate ban has clearly
reduced pollution in running warers
carrying a large fraction of wastewater.
At the confluence of the Glart with
the Rhine, the effects of restricrions
in the use of phosphates in detergents
were already visible in 1983. By 1986,
the ban had reduced the phosphorus

concentration by 60% (Fig. 2a). Phos-
phate precipitation was only intro-
duced after 1990 in the largest sewage
treatment plant in thar drainage area;
the reduction of the load from Lake
Greifen is insignificant. These obser-
vations support the calculations by
Siegrist & Boller {2], who report a level
of 40% less phosphare as was previ-
ously originating from textile deter-
gents, combined with the improved
biological phosphorus removal effi-
ciency, have reduced the P load in the
effluent of sewage treatment plants by a
totzl of abour 60%.

There is clear evidence thar the phos-
phate ban has reduced the input loads
in those lakes where the improvement
of sewage tweatménts plants was sail in
early stages in 1986. The substitution
of phosphates in textile detergents has
helped gain time in such cases. Lake
Geneva is a good example (Fig. 2b).
The increased number of communiries
connected to sewage treatment plants
with a biological stage already effected
a change for the berter by 1979; such

an improvement is noticeable in the

average phosphorus concentration in-

the lakewater. Since that time, the
phosphorus content has been decreas-

ing by around 180 tords a year. As a
result of the phosphate ban in Switzer-
land, the change in content has risen ro
a decrease of 280 tons/year since 1986.
As we can assume that the rates of net
sedimentation and the outflow have
not changed significandly, the input
must have decreased by about 100 tons
annually after 1986. This corresponds
to a reduction in polluton by about
40%.

In the drainage area of Lake Zirich,
the extension of the sewage trearment
plants was more advanced when the
P ban was put into effect in 1986
{Fig. 2c}. For this reason only a small
decrease of the P concentration in the
lake is observed In spite of this, the
input via storm drains decreased from
6 10 3 tons a year. Input estimates for
1985 and 1992 show a reduction from
120 to 80 tons per year. The P ban, -
combined withthe technology of phos-
phate  precipitation in sewage treat-
ment has reduced pollution by 60%.
Because of the short residence time, the
lake reacted quickly ro the lower nutri-
ent load. Using the model, a stationary
state of approximately 35 mg P m™
has been calculated. The concentra-
tion level ser by the restoration goals

13



Decreasing Eutrophication in Swiss Lakas

amounts to moderate aigal growth {3]
and usually corresponds to a maximum
of 30 mg P m™ in deep Swiss lakes.
This level has almost been achieved in
Lake Ziirich!

The reduction in phosphorus from
wastewater has not shown the desired
effect in all lakes. The inpur of phos-
photus into Lake Sempach via waste-
water has been reduced by over 80%.
In spite of this, the model forecasts
thar a longrerm stationary condition in
the range of 60-70mg P m™ can
be expected [3]. This means that the
inpur values are too high by a factor of
about 2. Whiie P levels in waste warer
have been reduced, a concurrent trend

is not seen in agricultural runoff; in
fact, these levels have increased. The
farmlands draining into the lakes of
the Lucerne plateau support a large
number of animals and were already
considered problem cases in the early
1970’s. Arrificial aeration of lakewater
was expected to increase the ner sedi-
mentation of phosphorus and to
accelerate lake resroration. An analysis
of the comprehensive investigations
[3] showed, however, that the oxygen
input did not modify the deposition
of phosphorus into the sediment. For
this reason the cantons and community
associations strengthened their efforts
to combar pollution at its source,

their motto being “No healthy lake
without a healthy carchment”. Even
Lake Sempach could be helped with a
new agriculrural policy. The first signs
are positive: already 50% of the farmers
are switching to integrated production.

[1] R Gicheer, A Mares, C. Stamm, U. Kunze,
J- Blum (1996). Diinger diingz Sempacherses,

~ Agmarforechung 3: 329-332.

[2] H.R Siegrisz, M. Boller (1996) Effects of the
phosphate ban on sewage weatment, EAWAG
asws 42£. .

[3] B. Weheli, A. Wiiest, unter Mirtasheic von
H. Bithrer, U Bundi, H.R. Bitrgi, R.Giichrer,
D.M. Imboden, R Miilier und F Stéssel
(1996) Schriftenreihe der EAWAG Nr 0,
Diibendorf,

Urs Uehlinger, Hans-Rudolf Biirgi and Rudoif Miilier -

Changes in the Ecology of Lakes and
Rivers Due to Sinking Phosphate Levels
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The phosphorus load of Lake Lucerne has decreased sharply since
1977, Current algal concentrations are only insignificantly lower than
in 1977, afthough algal production has clearly decreased during this
time. The increase in size of the slow-growing whitefish is retarded
due to the production decrease, as they have to expend more energy
to obtain food, The reduction in phosphorus is assumed to cause
minimal effects in streams and rivers.

Changes in the Food Chain
in Lakes

This article mainly addresses the effects
of the reduction in phosphorus levels
on the open-water food chain in lakes.
A food chain describes the ways ele-
ments and energy are exchanged be-

-tween the organisms of an ecosystem.

At the borrom of the open-water food
chain are the algae (Fig. 1), With the
help of chlorophyll, in the presence
of sunlight, these organisms produce
organic substances from inorganic nu-

-wrients (Fig. 2a). This process is called

primary production. In a lake, primary
production is confined ro the upper

illuminared layer of the water column.
Some of the algae become food for the
herbivorous zooplankton (herbivores).
These are in rurn consumed by preda-
tory zooplankton. At the top of such a
food chain are the fish.

Food chains or foodwebs are basi-
cally controled by “borrom-up” forces,
i.e., by the primary producers; removal
of primary producers causes system
collapse [1]). In a lake, phosphorus
exerts the main influence on the food
chain via primary production. If phos-
phorus is a limiting factor, primary
production can be stimulated by

‘increasing the amount of available

phosphorus. Conversely, reduciion in
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Fig. I
Food chain in the open water zone of a lake.

the available amount of phosphorus
results in a production decrease. The
magnitude of a change in the phos-
phorus level depends on how strongly
phosphorus limits primary producrion
(Fig. 2b).

Forces from the top of 2 food chain,
that is, “top-down” forces such as as
predation or grazing, can also influence
the structure of a food chain. For ex-
ample, if the grazing pressure of the
- fish on the predatory zooplankton is
o high, the pressure on herbivorous
zooplankton is subsequendy relieved;
high levels of herbivores in turn keep
the concentration of algze low (Fig, 3a).
If predatory zooplankton, however,
control herbivorous zooplankron (e.g,
because the feeding pressure from fish
on the former is iow} then the concen-
tration of algae remains high (Fig. 3b).

The example below, the now olige-
trophic Lake of Lucerne, will help
illustrate whar changes occurred in
the food web of the open-water zone

fight
a ¢ ‘
nutrients 3

(CN, P..)

algai biomass

chloroyl!

o

biomass
produced
per unit of time

available phosphorus  weeafie-

Fig. 2

a) Primary production .

&) Dependence of the primary production on
the availability of phosphorus.

when the phosphorus levels decreased
sharply. )

" The Complex Food Web in the Lake of

Lucerne

The food web of the open water is quite
complex in the Lake of Lucerne. More
than 100 species of algae comprise the
primary producers. These species are
confronted with 18 species of herbivo-
rous zooplankron. The predatory zoo-
plankron includes 10 species. At che
top of the food chain are zooplankron-
consuming fish, primarily whitefish.

Reduction of Phosphorus Load and
Primary Production

The introduction of phosphorus re-
moval in the sewage treatment plants of
the drainage area of the lake caused the
phosphorus load to drop from
103 tons in 1976/77 to 14 tons a year
in 1989. As a consequence of the
reduced phosphorus inpur, the aver-
age concentzation of orthophosphate
dropped from 20 mg P/m? in 1978 o
the current Jevel of 2 mg P/m? (algae
assimilate phosphorus as orthophaos-
phate, Fig. 4). At the same time, algal
production also sank distinctly. As

-algal production strongly depends on

weather conditions, the annual pro-
duction amounts varied considerably
in subsequent yeass,

Chlorophyll and Algae
Chlorophyll, the green pigment in
plants, plays a central role in primary
production, as mentioned above. The
concentration of chlorophyll also
largely determines the extent to which
light is absorbed in the water column
and so also the depth to which primary
production is possible. The average
concentration of chlorophyil in the
productive layer declined during
sumamer from 6 mg/m? in 1980 1o
2.7 mg/m?® in 1993. Ar the same time,
the productive layer increased in depth
from 12.5 m to 17 m, meaning that the
lake is more “transparent” to date.
The biomass of the plankronic algae
changed only slightly; it even increased
a lirtle berween 1985 and 1995. This
signifies thar the average chlorophyll

fish

predatory
zooplankton

herbivorous

zooglankton

algae

I N fowr high

egend D grazing/pradation D grazinglpradation
impact fmpact

Fig. 3

“Top-down” effects in the food chain of a lake.
The boxes represent the biomass of the various
links of the food chain. The vertical arrows
depict the direction of the energy and element
Shux along the food chain,

content of the algae has been decreas-
ing. We know from experiments with
cultures that the chlorophyll content of
algal cells decreases with increasing
phosphorus deficiency. Assuming that
the algae are mainly restricted o the
productive layer, the concentration of
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Lake Lucerne: temporal conrie of ortho-
phosphate concentration, primary production,
biomass of algae and zooplankton and average
weight of slow-growing whitefish in a carch.
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algae has decreased by about 10 to
20%. The relative proportion of small
algae {nanoplankton) — the preferred
food of herbivorous zooplankron — is
distincely higher than in 1980. Their
concentration o date is also higher,
although the productive layer has in-
creased in depth. The amount of food
available for the herbivorous zooplank-
ton has increased. Aparr from size dis-
tribution, the species composition of
the algal community has also changed.
The fraction of diatoms ~ these being
relarively heavy and so tending to sink
rapidly out of the productive layer — fell
from 50% to 30%; Chrysophyceae and
Cryprophyceae, however, are more nu-
merous to date.

Zooplankton

The biomass of the herbivorous zoo-
plankron changed only slightly, but
one group, the daphnia, has . been
declining since 1986. Daphnia are effi-
cient consumers of algae and an im-
portant food source for whitefish. The
biomass of the predatory zooplankron
is distincdly lower o date than in 1980.
This decline mainly pertains to che
larger species which are the preferred
food of normal as well as slow-growing
whitefish. The zooplankron data sug-
gest that during the past decade food
has clearly become scarce mainly for the
slow-growing whitefish, which almast
exclusively feed on zooplankron.

Whitefish: Slower Growth in Spite of a
Full Gut

Neither the size nor the age strucrure
of the stock of siow-growing whirefish
in Lake Lucerne is known. The carch
statistics from the professional fisher-
men, however, supply us with valuable
information on relative changes in the
fish stock. The slow-growing whirefish
cacch {number of fish per year) in-
creased unzil the middle of the 1980%.
A distinct collapse of the population
occurred in 1988 and in 1992. The
short recovery in 1990 and 1991 was
probably due to the minimum mesh-
size allowed by law for fishing nets
which was reduced from 28 to 27 mm.
A closer look at the carch suggests that
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slow~grqwing biomass of algae -
whitefish remains unchanged 7
are smalier in spite of lower production //
f /
/
reduced growth of fish refief of algae from grazing pressure //
\ /r /
reduction of zooplaniton biomass //
' /
increased fish predation on zooplankton /
_ /
increased transparency of lakewater /
/
reduced chiorophyll level + reduced primary production rate
reduction in phosphorus concentration

Fig 5

Hypothetical relationship berween the decrease in phosphorus, algal biomass and growsh of slow-

growing whitefish in Lake Lucerne,

between 1983 and 1993 the average
age of the fish caught by the profes-
sional fishermen increased by one year.
At the same time, the average weight of
the fish declined from 133 g0 115 g.
This means that the slow-growing
whitefishs growth has been slowing
down since the mid 1980%.

The analysis of the gut contents of
the slow-growing whitefish caught in
ness suggested that they hardly suffer
from hunger ac present [2]. The fish
prey very selectively on Bythotrephes,
a relatively large (energy-rich) preda-
tory zooplankton species which can be
found only in low population densities.
Daphnia, a small but more abundant
zooplankron genus comprises an addi-
tional important food source for the
fish. As the stomachs of the fish are still
relatively full in spite of the reduction
in food concentration, we can assume
that the fish have to swim further per
unit of time in order to fill their stom-
achs. They can only do this by invest-
ing more energy in the search for food.
With the ¢nergy intake remaining

constant, less energy remains available

for building up biomass and thus, the
fish grow more slowly.

The changes in the food chain of
Lake Lucerne after 1980 can be sum-
marized as follows:
® The primary production sank dis-
rinctly;

® Regarding the phytoplankon, the
conceneration of those species in-
creased which are food sources for
fileer-feeding zooplankeon;

@ Regarding the zooplankton, the
fraction which is a food source for
slow-growing whirefish has decreased;
® The slow-growing whitefish dis-
tinctly grew more slowly.

Why does the biomass of the algae
hardly change although production has
decreased and why does the herbivo-
rous zooplankton population decline
although the availability of food has
improved?

A Hypothesis

This phenomenon could be explained
as follows: the slow-growing whitefish
hunt their prey using their vision.
Their success increases with diminish-
ing water wurbidity. If the chlorophyll
concentrations decrease, the water
becomes more transparent and the fish
can see their prey betrer. As a resulr, the
grazing pressure on the zooplankton
increases. This reduces the food con-
centration for the fish and presumably
also decreases the grazing pressure on
the small algae by herbivorous zoo-
plankron (Fig. 3).

The Importance of Biological Processes

In Lake Lucerne, the declining phos-
phorus load was paralleled by a dis-
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tinct reduction of primary production,
which apparently resulted in lower fish
production. However, the relationship
berween primary production and fish
appears 10 be rather complex. “Top-
down” forces were presumably respon-
sible for the uncoupling of primary
production and algal biomass. The
example of Lake Lucerne indicates that
the response of a lake to 2 reducrion
of the phosphorus load depends not
only on the chemical and physical
charecteristics of the system bur also
on biological processes (grazing and
predation) in the open water.

Does a Reduction in P also have an
_Effect on Running Waters?

The phosphorus problem was not a
priofity water protection issue for
rivers and streams in Switzerland,
although in some streams nutrienss
(phosphorus) may have favoured pro-
liferation of warter plants (algae and
macrophytes). The pollution of run-
ning waters with phosphorus only
receives atrention when the rivers and
streams play a role as the means of
nutrient  teansport o downstream
lakes. River monitoring programs have
mainly focused on water chemistry but
usually neglected the assessment of
benthic organisms. Therefore, we lack

reliable information regarding how the
significant decrease of the phosphorus
concentration in many Swiss rivers
may have influenced the “biology” of
these systems. However, there are
several reasons why the effect of this
decrease could have been small.

Limititation only at Low Phasphate
Coneentrations

Investigations in artificial and narural
streams have shown that the transi-
tion from phosphorus as the limiting
factor and saturation of algal growth
often takes place around 5 of 15 mg/l
phosphate-P [3]. In many streams and
rivers phosphate concentrations are
still higher than the above mentioned
threshold concentratians. Only alpine
rivers, some prealpine streams and few
outlets of large mesotrophic lakes may

be potentially phosphorus limited.[4].

Dominating. Influence of Other Factors

In running warers, the relationship
between the production of the beathic
algae and the availability of phos-
phorus may be less obvious than in
lakes because:

o disturbances in the form of floods
sweep away algae;

@ depending on the size of the stream,
the vegeration on the banks can

strongly reduce illumination; in glacier
stream suspended solids absorb a large
fraction of the incident light;

© because the current has a “eutrophi-
cating” effect (the effect being equiva-
lent to the doubling of the phosphorus
concentration for biological produc-
ton can, e.g., be subsdtured by an
increase in flow velocity).

In many, mostdy small streams a large
fraction of the energy originates from
adjacent terrestrial ecosystems {leaves,
dissolved organic materiaf). This ex-
ternal energy source is independent of
changes in the availability of phos-
phorus, in contrast to the primary
production of the algae.

[1] Various authors (1992} Top-down and bot-

tom-up forces in population and community
ecology. Ecology 73, 723-765.

[2] Mookerji N., Heller C., Meng H.J., Biirgi
H.R and R Midier (1996) Diurnal and
seasonal patterns in food inteke and prey selec-
tion by whitefish {Coregonus sp.) in oligo-
trophic Lake Lucerne (Swirzerland). Journal of
Fish Biclogy. Manuscript in revision.

{31 Newbold ].D. {1992) Cycles and spirals of
natrients, In Calow P and G.E, Petts {eds).
The Rives Handbook. Hydrological and
ecological principles. Blackwell, Oxford. pp.
379-408.

[4] jakob A., Zobsist ], Davies ].S., Liechd B
und L. Sigg (1994} NADUT - Langzeitheob-
acheung des chemisch-physikalischen Gewds-

“serzustandes.  Gas, Wasser Abwasser 3/94,
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Controversial Hypotheses
- Related to the Ban on
Phosphates

Was Banning Phosphates in Detergents
a Mistake?

The eutrophication of lakes was an important water pollution control
issue in Switzeriand in the 1950s and has remained so ever since. In
1968, Vollenweider [1] demonstrated that excessive phosphorus is
the cause of eutrophication. In doing so, he showed the easiest way
towards lake restoration: reduce the P load.

Apart from constructing sewage treat-
ment plants and improving wastewater
treatment techniques, the prohibition
of detergents containing phosphares
issued in 1986 was an additional
measure aimed at counteracting the

assessment of success of the ban on P in detergents

| ] 1

! 1 I | |

250

O
|

1983
predicted
1893

Lé
Bo
Ne
Vi
Zi
Lu
8i
Zu
Wa
Se

Lake Geneva (Lae Léman)
Lake Corstance

Lake Nevichdre!

Lake Lucerne

Lake Zitrich

Lake Lugano (soathern basin)
Lake Bignne .

Lake Zug

Lake Walen

Lake Senpach

Zu

Lu
Lakes

A comparison of the total phosphorus concenrrations measured in Swiss lakes in 1983 (1ot P, and the
proguosis of the BUWAL in 1983 on the reduction of the tot P levels, assuming a ban on phosphates
in laundry detergents was going 10 be issued, with the acrual tor P levels measured in 1993.
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eutrophication of Switzerland’s lakes.
The producers of laundry derergents
protested the ban, bur eventually
modified their formulations. Recently,
the polyphosphare industry has tied to
spread uncertzinty and challenge the
ban with headlines in the daily news-
papers such as “Phosphate-free deter-
gents damage our lakes” or “Turning
point for detergents?” Their reasoning
and some of the statements made in .
their internal reports [2—5] are sum-
marized below: )

@ Phosphates from detergents and
fervilizers are not the only cause of
excessive algal blooms in lakes and
coastal waress. Other decisive factors
include heavy metals, oils, pesticides
and surface-active additves in phos-
phate-free detergents which are poi-
soning the zooplankron and thereby
decreasing the grazing pressure on
algae. -

@ As the evidence shows that the
phytoplankton biomass is determined
by nutrients as well as by the grazers,
the phosphate industry claims that
lakes with an equivalent algal biomass
could cope with 10 times the amount
of phosphate if they were not contami-
nated by environmentally roxic sub-
stances thart adversely affect the grazers.
e Viewed from an ecotoxicological
point of view, polyphosphate substi-
rutes represent more of a hazard than
the polyphosphates themselves; there-
fore, the rationale for removing phos-
phate-containing detergents from the



shelves is not only unfounded bur chey
should even be preferred.

The scientific evidence speaks clearly
against such arguments. In addition,
they are easy to counter with pracrical
results from recent work in water
pollution control,

Based on sediment research by Ziil-
lig [6], it has been demonstrated that
algal proliferation had already occurred
in several Swiss lakes around the turn of
the century. This means that algal
blooms existed before phosphare-free
detergents were introduced, before
mineral oils contaminated our waters
and before the word “pesticide” even
existed. Even ac that time, the zoo-
plankton could not always control the
excessive algal growth.

The intentional addition of fertilizer
that contained phosphare salts in
Canada lakes in the early 1970s caused
eutrophication symproms analogous to
these seen in Swiss lakes [7]. The ex-
perimental lakes were situared far from
any civilization so that any possible
contamination by environmentally
hazardous oils, pesticides and surface-
active additives from phospharte-free
detergents could be ruled out.

There is not question that phyto-
plankton biomass depends both on the
rate of production (which is dependent
on the availability of purrients} and on
the rate of algal loss due to grazing,
During the course of a year, sometimes
the algae dominate; at other times,
the zooplankton do. Obviously, the
zooplankron are able to significandy
reduce the algal biomass; consequently,
the increase of algal numbers following
such phases cannot be the resule of
zooplankron poisoning.

Nort only Switzerland, but also Nor-
way, Germany and Canada have been
using phosphate-free derergents for
some time without any problems.
Although residues of phosphate sub-
stitutes can be idendified in concen-
trations of ugfl in lake water using
sophisticared ' chemical trace analysis
techniques, no direcr or indirect dam-
age to phytoplankton, zooplankton or
fish in the lakes has been reported to

date. Furthermore, studies carried ous

Controversial hypotheses related to the ban on phosphates

by Bernharde [8] and by the German
Federal Department for Environmen-
tal Prorection (Umweltbundesamt) [9]
suggest that NTA, polycarboxylares,
carboxymethyl-cellulose and zeolite (a
sodium-aluminum silicate) are eco-
toxicologically harmless in the con-
centrations found in lakes. These trace
amounts are also roxicologically insig-
nificant for humans.

By 1983, the Swiss Federal Office
for the Environment, BUWAL, had
completed its assessment of the role
played by phosphates in detergents in
the pollution of 14 Swiss lakes [10].
Their study came to the conclusion
that eliminating polyphosphates from
laundry derergents would reduce the P
poliution of these lakes by 15%—45%;
the lakes with the highest P conrtent
would profit the most from such a
measure.

The impact of the phosphate ban
after one decade shows that these
expectations have been fulfilled or
surpassed in 9 out of 10 Swiss lakes
assessed (Fig. 1). Further measures, in-
cluding the widespread introduction
of the third sewage treatment. stage in
the drainage areas of large lakes, have
helped to achieve distinctly lower levels
than had been projected in Lakes Con-
stance, Neuchitel, Bienne, Lucerne
and Lugano’s southern section. Only
in slowly reacting Lake Zug {the resi-
dence time of its warer is 14 years) was
che prognosticated result not yer fully
achieved by 1993. Considering such
positive results, one should not forger
that the quality of the water did not
improve “visibly” through such mea-
sures {e.g., by increasing the visibility
depth and the oxygen concenrration in
the deep water layer). Such “visible”
changes only occur when the phos-
phorus level in the lake is reduced ro
below 30 mg P/m?. Various 'factors
contribute to a retardation in the
immediate visible reaction of a lake to
a reduced phosphorus load:
® When the availability of phosphorus

becomes scarce, the small fast-growing

'algae increase at the expense of larger

algae. These small algae have special
capabilities to quickly assirnilate and
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Fig 2

The reaction of a lake so a sudden reduction
of the P-load (e.g., through a ban on P in
detergents). Temporal changes of the P load, P
concentrazion in the lake, biomass, production
and oxygen consumiption,

store phosphorus. Only when the small
cells of the algae have consumed their
P reserves can algal production be
expected to decrease. ,

® Oxygen consumption in the deep
water layer of a lake depends on the
amount of algae produced in the upper
transparent layers. A considerable part
of chis biomass settles down to the lake
bottom and is oxidized o mineral
marter in the presence of oxygen.

Oxygen consumpton in the hypo-
limnion depends primarily on the sedi-
mentation rate of organic material and,
secondly, on organic material which
has accumulated in the sediment over
many years, decomposing stowly and
eventually producing methane. The
organic material that accumulares in
the sediment during the eutrophica-
tion phase, can cause the oxygen con-
sumption to remain high for several
years during the oligotrophication
phase.

When the P load is reduced, the
concentration of phosphorus in the
lake inidally declines. Next, che species
composition of the algae changes be-
fore a decrease in algal biomass, and
the transparency of the warer increases
as a consequence (Fig, 2). The oxygen
balance of a lake reacts slowly w
reduced P levels. '

The change o phosphate-free deter-
genrs has countered poilution in Swiss
lakes without effecting new damage.
After 10 years of practical experience,
we can conclude that the decision
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to ban polyphosphates in detergents
was correct. It is a viable method for
moving a step closer to meeting our
water pollution control goals.

1] VoHenweider, R., 1968, Sciendfic fundamen-
tals of the eutrophicazion of lakes 2nd flowing
waters, with partdcular reference to nitrogen
and phosphorus as factors in sutrophicadon.
OECD, Paris, Tech. Report DA 5/5CI/68.27

f2] TNO, 1994. Ecological Control of Algal
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Carlo C. Jaeger, Aimut Beck, and Gregor Diirrenberger

Innovative Environmental Policy
and the Phosphate Ban

The introduction of phosphate-free detergents is an
example of successful environmental policy. It is

Abmuz Beck, Gregor Diirrenberger and Carlp C. faeger {from leff ro right.).

especially significant because it questions two
claims considered almost dogma in current discus-
sions on environmental policy. The first one claims
that one can only start solving an international
problem when the procedures of individual coun-
tries have been determined by international con-
tracts; the second one states that eco-taxes are the
best incentive for reducing pollution.

Experiences with the phosphate ban cast serious
doubt on these assertions; they do not suggest,
however, that introducing bans on substances in

" one nation alone is advisable. But past experiences

with the ban on phosphates in detergents should be
carefully analyzed from an international perspective
in order to glean results that may be useful in
shaping innovative future policies.
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The Standard Model of
Environmental Policy

As demands for phosphate-free deter-
gents increased, detergent manufacrur-
ers resisted with the usual argument of

‘increased costs. This response corre-

sponds to the general concept thar the
price paid for environmental policy
measures is greater the more protection
of the environment is pursued. Envi-
roninental economists analyze this
concept using the model shown in
Fig. 1, which maintains that pollurants

continue to be emitted because pre-
venting their emission costs money.
The model assumes that the prevention
of one unit of pollurant becomes more
expensive the greater the amounr that
is being prevented from entering the |
environment. In this scenmario, no
comparny could afford to reduce a pol-
lutant voluntarily in a marker-oriented
economy.

According to this model, the prob-
lem lies in the fact that the only point
of equilibrium of this economic system
is the point of maximum emission of a
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pollutant, The solution to the problem
assumes that the polluranr causes ex-
ternal costs that are not carried by the
polluter. Instead, costs are comprised,
for example, of damages suffered by
fishermen, tourists, hotel and restau-
rant owners and many others as a result
of algal bleoms in lakes caused by
excessive phosphate concentrations.
Again, it is assumed that the exrernal
costs per unit of pollurant are higher
the more pollutant is emirred. The
solution to this problem then is not in
preventing production of the polluc-

ant, but in making it more expensive to .

emit a polluranr by levying an eco-tax.
This strategy shifts the equilibrium of
the economic system to the point
where the curves in Fig. 1 intersect.

In a global economy, this approach
poses an immediate question: if an eco-
tax is put into effect in one country,
is the ability of a given company to
compete internationally jeopardized?
In times such as these, where securing
jobs remains a top priority, such mea-
sures will be difficult to implement. It
is possible that an eco-tax will be either
relegated to “never-never land” or that
its amount is so low thar serious effects
are neither feared nor realized.

An alternative scenario would be to
subsidize pollution control with gen-
eral raxes, rather than impose eco-taxes
on private industry. This occurred in
Sweden when the government decided
against banning detergents containing
phosphates and instead constructed
sewage treatment plants with rerriary
trearment capabilities. In certain cases,
this approach may be pracrical, though
it may drain public funds.!

How the Detergent Market
Tipped ‘

Completely differene dynamics have
developed in the detergent industry
on the internacional scale. First, it is
important to recall developments in

! in the case of phosphare, the following must be
mendoned: sewage treatment plans also hed
to be improved and extended in Swizerland
because the reduction in phosphates in decer-
genss achieved by the ban was insufficient.

the USA. As in most industrialized
countries, detergents containing phos-
phates were introduced in the 1950s
and soon dominated the markerplace.
Many companies had already begun to
search for alternatives when in the
1960s, scientific and political debate
focused on eutrophication of the Grear
Lakes. In response, the detergent pro-
ducers intensified their search for phos-
phate substitutes and eventually found
a way to replace phosphates with NTA.
Bur a controversy surrounding the risk
of gene damage by NTA, stmulared
by the U.S. Environmental Protection
Agency, resulted in NTA-based prod-
ucts being withdrawn from the market.
In the early 1970s, citizens organized
demonstrations, leading to regional
bans on phosphates. Citrate was offered
as an alternative. In general, American
households almost never wash above
60 °C; at temperatures greater than

=60 °C, citrate would not have been a
viable alternative. During the 1970s,
the detergent industry subsequently
limited the phosphate content of deter-
gents voluntarily. In the early 1980s,
existing bans on phosphates were par-
tally withdrawn, although ir did not
result in an increase in che number of

- detergents containing. phosphates, On
the contrary, they were forced back
even more during the 1980s by the new
substitute zeolite.

It is inreresting to compare devel-
opments in the USA with those in
Germany where representatives of the
derergent industryargued in 1973 that
the problem of eutrophication should
not be solved by introducing phos-
phate-free detergents but by improving
sewage treatment. This, of course,
meant increased expenditures of public
money: “The additonal costs [...] are
estimated at approximarely 2.50 DM/
capita/year (1970). It can be assumed
that the national economy would be
burdened less by these measures-than
by changing the formulae of the deter-
gents.” (p. 78 in [1]). This corresponds,
of course, to the model in Fig. 1.
A meer ten years later though the same
company {Henkel} sounded compleze-
ly different: “It seems [...] probable that

& external costs

TR
T of additional
© amission of
pollutant
costs of
additional
poliution
b
= controt
T~
o
pallution control
Fig. 1

Environmental problem in a world with a single
poine of equilibrinm.

the main reason for the use of zeolires
in the future will not be ecology alone
burt also economy.” {p. 146 in [2]).
This change in opinion was sup-
ported by a joint research program be-
tween Henkel, who had held the patent
for zeolite since 1973, and the German
government. As a result, an ordinance
limicing the concentration of phos-
phate in detergents was issued in 1980.
The objective of the measure was to
reduce the concentration of phosphate
in laundry washwater by 50% by 1984.
This goal was already atmainable by
simply indicating in the directions for
product use the amount of derergent
needed for a machine full of wash. The
ordinance undoubtedly contributed to
the introduction of phosphate-free
detergents. Citrate was inappropriate
as Europeans often wash above 60 °C.
In the carly 1980s, detergent manu-
facturers began to market produces
containing NTA, but withdrew them
due to purported health and environ-
‘mental risks. In 1983, the first phos-
phate-free detergent based on zeolite
was offered to consumers. After only
four years, the marker had come full
circle, with the share of phosphate-free
detergents reaching greater than 50%.
By 1990, in Germany, phosphate-free
detergents were sold almost exclusively.
In both the USA and Germany,
industry did far more than simply meer
the legal requirements; they far ex-
ceeded them. It is clear thar these
requirements were needed as were the
public debates, in order to initiate a
search for an environmentally compat-
ible alternative to the status quo.
The Swiss ban on phosphates may
also be regarded within this frame-
worlk. It supported the development of
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phosphate-free derergents in two ways.
Fisst, it helped to consolidate the derer-
gent industry’s assumption thar an un-
limited emission of phosphares would
not be viable in a global economy.
Secondly, it enabled industry to gain
experience from the Swiss marketplace
on the acceptance of innovative prod-
ucss. The situation changed from one
in which the detergent industry had
been erying to prevent the ban and larer
to have it withdrawn to one in which
the industry had no objections to
the ban. Undoubtedly, measures other
than the ban would also have been
possible. The process crucial to finding
and using phosphate substituces was
the industry's realization of the inevira-
bility of impending change some time
before a ban was put into effect, her-
alded by restrictions and threats of a
ban. Abstaining from any regularory
measures would have been counter-
productive, as the companies would
have had no incentive to intensify their
search for environmentally compatible
alternatives.

Models with Multiple Equilibria

The introduction. of phosphate-free
detesgents cannot be understood using
" the model shown in Fig. 1. The original
situation was characterized by a prod-
uce (detergents using phosphates) for
which an ecologically superior alterna-
tive did exist, The alternarive, however,
was mote expensive as long as it was
produced in smaller quantites.

Such siruarions depend on the fact
that for many producrs the price per
unit will drop when their production is
increased. For this reason, it does not
pay to introduce them as long as the
market is dominated by another prod-
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uct. Likewise, if it only pays to intro-
duce a product low in pollusants when
the entire market tips, individual pro-
ducers will avoid taking risks. For this
reason, research and development
neglects the search for such possibilities
as long as the companies do not firmly
believe in eventual and inevitable
changes in the marker.

Exactly such expectations were gen-
erated by the diverse international
debares and measures surrounding the
problem of phosphates in detergents.
In other words, the companies did not
count on being able to urilize an un-
limited amount of phosphartes in pro-
ducing detergents over the long term.
They then looked for a way to reach the
expected level of production at opti-
mum cost, 2 search which subsequentdy
led 1o success. The costs of poliution
control increased initially, bur de-
creased to previous levels when the
emission of a greater amount of the
pollurane was prevented. These results
are depicted in Fig. 2.

Innovation-oriented
Environmental Policy

Is the case of phosphate-free detergents
a rare exception based on some pecu-
liarity of the applied rtechnology?
Probably not - although a firm answer
requires more derailed investigations.
There are many examples which could
watrant such comnparison: alternatives
to batteries conraining mercury, tech-
nologies for insulating houses, light
weight vehicles for individual transpor-
wtion, approaches towards reducing
phosphate use in agriculture. The
significance of such investigations can
be found in the hypothesis according
to which the economy shows several
possible states of equilibrium, each
representing a local optimum with
regard to small changes. This type of
situation is described by Arthur {3] as
a “lock-in" phenomenon, which morti-
vated him and his colleagues ar the
Santa Fe Institute to study the econ-
omy as a caomplex adaptive system.
These considerations are encourag-
ing for shaping environmental policy,

especially since the degrees of freedom
for realization of sustainable develop-
ment could be considerably larger than
the single-equilibrium world allows.
The internationally coordinated intro-
ducrion of eco-taxes is not the oanly
way; rather, it is just one of many
measures that can bring us closer o
the goal of sustainable development.
The decisive incentives are not only
those that effect a permanent increase
in the price of products but also those
thar induce a serious search for novel
products. These can cause the market
to tilt in the direction of an ecologically
more sound equilibrium. What has
been found is not a cure-all for the
diverse environmental problems of the
present, but it offers a very promising
approach towards solving them.

The introduction of phosphate-free
detergents has not fixed all of our prob-
fems in water pollution control, bur it
does represent an example of a com-
mon learning process that included the
public, the authorities and indusiry
[4]. The introduction of phosphate-
free detergents is a remarkable case
study in the sense that the economy
can sometimes reach a new equilibrium
in which pollution is prevented with-
out imposing significant costs. The
chailenge for environmental policy
makers is to overcome the inertia of old
economic structures that may hinder
the search for ecologically viable inno-
vations.

[13 P. Berth, WK Fischer: Waschmittelphosphate
und mégiiche Austauschstoffe in Bezichung
zum  Eurrophierungsproblem. Henkel-Refe-
rate 8, 76-79 (1973). ’ .

f2] ©O. Koch: Verarbeitung von Zeolith 4 A — Her-
stellung zeolithhaldger Waschmitrel. Henkel-
Referate 16, 146149 (1980).

(3] B.W. Arthur: Compering Technologies, In-
creasing Returns, and Lock in by Historieal
Events. The Economic Journal 99, 131
(1989).

[4] A. Loeber, . Grin: From green warers to
“green”  detergents: Processes of learning
berween policy actors and target groups in
eutrophication policy in The Netherlands,
1970-1987, (Forthcoming in: Sabatier, Paul,
An Advocacy Coalition Lens on Environmen-
tal Policy.) Maper presented at the 1996 Annual
Meexing of the Western Political Science Asso-
ciaton, San Francisco {1996).
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A Glance Across
the Border

This article deals with two important aspects of phosphorus, The first
is the development of phosphorus exports to the North Sea, the
Mediterranean and the Black Sea via the rivers Rhine, Rhéne, Ticino
and Inn. The second is the role of phosphorus as a limited resource

in sustainable development.
Export of Phosphorus

Swirzerland, the “water tower” of
Europe, drains into the North Sea via
the Rhine, into the Mediterranean via
the Rhone and Ticino, and into the
Black Sea via the tiver Inn. In addition
to warter, these rivers export nuerients
such as phosphorus and nitrogen. Ex-
port of phosphorus from Switzerland
via these major rivers has fallen from
7200 rons total P in 1978 to roughly
3200 tons in 1995 (Fig. 1). Calculated
on a per capita basis, annual amounts
have dropped from 1.17 kg to0 0.47 kg.

Swirzerland has not been the only
country to drastically reduce phos-
phorus exporz. The total P load in the
river Rhine at Bimmen/Lobith near the
border of The Netherlands has fallen
from around 44’000 tens in 1978
to 14°000 rons in 1995 (Fig. 2). The
annual per capima phosphorus input
into the Rhine (The Netherlands ex-
cluded) was 1.11 kg Pin 1978 and is ac
0.32 kg P roday. Swirzerland’s coneri-
bution o the rotal dropped during the
same period from 1.2 kg P to 0.42 kg I.
Over the last 20 years, the joint effort
of all countries bordering the Rhine to
reduce phosphorus concentrations in
their streams has paid off and yielded
very clear resulss.

Phosphorus exporr to the Mediter-
ranean and Black Sea has also dropped,
albeit to a smaller degree. The potential
for reducing. the phosphorus load
released into the Rhone is significantdy
smaller, mostly because of the short
distance between Lake Geneva and the
Swiss border. The Ticino and the Inn
flow through less populated areas than
the Rhine, which also puts limits on
potential load reductions. Swirzerland’s

contsibution to the toral phosphorus
load into the rivers Rhine, Rhéne, Po
and Danube ranges from 10% for the
Rhéne to 0.003% in the case of the
Danube (Table 1).

Ir is interesting 1o compare area-

specific phosphorus inputs on a surface

area basis between the three oceans
(North Sea, Mediterranean and Black
Sea} and z few Swiss lakes (Table 2).
Anthropogenic inputs are significantly
higher for the lakes than for the oceans.
1t should be noted, however, that naru-
ral inpurt exceeds anthropogenic input
in the case of the North Sea. At least
70% of the P in the Nozth Sea arigi-
nates in the Atlantic. Relatively large
velumes of water enter the North Sea
berween the Brirish Isles and Scandi-
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Comparison of the toral phosphorus load in the
River Rbine near Village-Neuf (Swiss border)
and BimmentLobith (ar the border between
Germany and The Netherlands).

Data taken from compilatigns by the Inter-

national Commission for the Protection of the
River Rhbine.
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Imbalance bettween phosphorus needs and phospharus consumption (after [10]).
The upper map represenss theoretical phosphortes needs, derived from climatic and soil condisions.
The bottom map indicates actual phosphorus consumprion,

navia; a smaller amount reaches the
North Sea via the English Channel.
The average residence time of the water
is, therefore, relatively short. It ranges
from one month for surface water (e.g.,
the Skagerrak) to approximately four
years for deeper warer and for a few
locations along the British Isles [8].
The high natural nutrient input to the
North Sea has made it highly produc-

tive since pre-civilization times. Even
today, 30-40% of the total European
fish harvest originates in the North
Sea [8].

The Mediterranean is naturaily
oligotrophic and continuously loses
deep, nutrient-rich wazer to the Atlan-
tic through the Straight of Gibralrar;
however, parts of the Medirerranean
can nevertheless become eutrophic due

to nuirient input from rivers {e.g., the
Adriatic Sea from the River Po).

In relation to its surface area, the
Black Sea drains the largest wartershed.
Its characteristic stratification (it is per-
manently anoxic below 150-200 m}
causes all of the nutrients o directdy
enter the productive surface layers.
Most nurrients that reach deeper strata
in the form of sertling particulate
macter are permanently removed from
the productive surface layers.

Phosphorus as Limited Resource

On a global scale, there is an overall
phosphorus deficit. This shortage is
responsible for reduced food produc-
tion, especially in developing coun-
tries. There are a few regions, however,
where there is a phosphorus surplus
which leads to eutrophication. We end
up with the paradoxical situation of
wo fundamentally different areas of
the world, one starved for phospharus,
the other “drowning” in it. This situa-
tion is not sustainable and requires
implementation of different methods
for nurrient management,

The boundary berween P-rich and
P-poor areas is practically identical to
that between industrialized and devel-
oping countries (see Fig. 3). Over the
last few centuries, agricultural pro-
duction and, in parallel, industrial
development has been concentrated in
fertile areas. Over the period of several
hundred years, intense agriculeural use
of the land has resuleed in the accumu-

River Year Total input Swiss Contribution Oceanflake Phosphorus Input in kg P/km?
into Ocean A wanthropoganics natural
kt P/year Kkt Pyear % North Seg @ 100 237
Rhinz 19922 5 22 13 Mediterranean® o T R |
Rhiine 1980 T I (I Black Sea © 38 <10
Pa 1950 1 0.08 0.005 Lake Sempagt 9. 7 AT N |
Danube 18g2d 3R 0.1 |- G003 take Constance ® 212 20
a2 1 1E. Mitiiler, parsonat cammunicationt ¢ {28 d 3] Qe b2 e 13 5 digkef?l
Table 1 Table 2

Toral phosphorus load in major European rivers with contribuzions from

Swirzerland.
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lation of excess 2 Phosphorus concen-
trations in these soils are now higher
than required for crop production [9].

Some couniries, however, stll must
import P for agricultural production
on a scale that allows food expor. In
extreme cases, as for example in New
Zealand, the cost of P imports is com-
parable to expenditures for oil, which
are only slightly higher [10].

Many of the developing councries
which will significantly contribute to
global population growth over the next
several decades are located in tropical
regions dominated by rain forests.
Population growth and food:shoreages
force the local population to cut down
parts of the rain forest. The bulk of the
available phosphorus in-a rain forest is
tied up in the vegetation iself [11]. Fire
clearing releases a large portion of the
P into the soil in its inorganic form.
Exposed soils rapidly lose nutrients
{e.g., potassium, nitrogen, sulfur) due
to erosion. The degradation of soil
quality is exacerbated by increased
weathering rates. As a consequence,
calcium and magnesium are released
and leached from the soil. The result is
acidic soil (pH <4.5), where dissolved
iron, aluminum and manganese can
accumulare and reach toxic levels.
Residual phosphate is stripped from
the soil by free iron and aluminum
as well as their abundant oxides. In a
complex process, P is imrmobilized in
mineral forms that can no longer be

“used by plants, making it a limiting
nutrient in many cases {12, 13]. Typi-
cally, rain forest soils become nearly
infertile four years after deforestation
and transform into steppe.

With controlled phosphate fertiliza-
tion and appropriate measures against
erosion, the steppe can be returned. to
fertile soil, which dramarically reduces
the need for more deforestation. Inter-
national assistance in che acquisition
of fertilizers to countries in tropical
zones would have several positive con-
sequences. Agricultural yields would
increase and the economic starus of
farmers would improve, allowing them
to purchase fertilizer with their own
profits. Long-term fertility of the soil
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The most important phosphorus deposits af the world (according 1o [14]).

would also protect rain forests from  justifications for the phosphate ban

destruction. thar was enacted in 1986. Realizing
the interdependencies between the dif-

f ,

Conclusions ferent types of phosphorus problems

we should become serious abour reduc-
ing the phosphorus excess originating
from agriculture.

Phosphorus deposits have a limited
lifetime; therefore, P is not a renewable
resource (Table 3). The P excess in
developed countries, the non-renew-
able nature of traditional phosphorus
sources and the shortage of phosphorus
in tropical areas coupled with rapid
population growth alone are sufficient
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Conclusions:

Phosphorus Leads the Way

There are no wonder drugs or patented solutions when it comes
to reducing phosphorus loads. It takes a concerted effort to tackle
problems in the various source areas. In the 1970s, exactly such an
approach was taken, It was probably the first time that Switzerland has
successfully e;rnployed a far-reaching strategy in solving a complex

" environmental problem producing a critical knowledge base for the

future development of environmental protection.

Thanks to an éxpansion in wastewater
treatrenc and the elimination of phos-
phates in detergents, phosphorus leads
to lakes in Swirzerland have been dras-
tically reduced. Despite such progress,
several Swiss lakes, especially those in
watersheds supporting intensive agri-
culture, still receive too much phospho-
rus. In addirion, the export of phos-
phorus from Switzerland to the oceans
surrounding Europe via the major river
systems continues. Measures to reduce
phosphorus release into surface waters
need further development.

While the focus of this effort will be
on agriculoural sousces, iinprovernenrs
in wastewater trearment will also be
needed. In the long term, urban water
management must adopt a fundamen-
tally new way of thinking and imple-
ment entirely new, environmenrally
sound systems.

Agriculture

Great hope has arisen from the new
orientation of the national agricultural
policy. This fundamental changes will
be brought about by 2 broad palette of
economic incentives, regulations, and
research, education and consulting. A
recent innovation has been cash re-
imbursements thar are direcely linked
to ecological achievemenss. According
to a recent study {1], this new approach
to the problem could yield a 38% re-
duction of nitrogen inpur into surface
waters by agriculture by the year 2602.
Over a longer peried of time, a similar
resule may be expected for phosphorus.
Bur in order for these reducrions to
become realiy, it is imporwant that

agrarian reform be consistendy imple-
mented. Ecological requirements and
criteria must be driving forces. The
changes also make sense economically:
The general cost to sociery wili gradu-
ally decrease. Annual costs of agricul-
ture have been projected to be reduced
by 340-680 million Swiss francs by
the year 2002 [1].

Offer Incentives

In order to achieve progress in environ-
mental protection, a number of differ-
ent tools have to be used. The approach
raken in the case of phosphorus is a
good example. Regulations mandating
removal efficiencies in  wastewater
treatment plants and the ban on phos-

_phates in detergents came into play as

well as economic incentives for waste-
water treatment (subsidies). Public
research and development also played
an importans role. It produced mathe-
matical models for the simulation of
processes in lakes and new process
rechnology for the removal of phos-
phorus in wastewarter. Several cantons
developed strategies for the restoration
of their lakes. This, in turn, fostered
new strategies for improved environ-
mental measures, for berter integration
of different measures and for the im-
provement of cooperation between the
private and public sectors, both at the
cantonal and communiry levels.

Ecological and Agricultural Gain

The methods used to bring abour a
reduction in phosphorus loads have
done more:they have sparked innova-
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tions which have far exceeded the
original purpose. The gradual improve-
ment in the environmental compat-
ibility of detergents, new concepts in
oprimizing sewer systems based on
both economic and ecological criteria,
and enhancements in the implemenya-
tion of water protection regulations
are only a few examples. In the furure,
even more tools can and should be
employed to further improve environ-
mental management: financial incen-
tives for ecological performance by
farmers, taxes on ferdlizers, fixed allot-

ments on environmentally dangerous -

chemicals and emission quota that can
be traded berween different entiries
(companies, factories, communiries).
The challenge is to determine which
tools will be appropriate and effective
and to gain their acceprance in the
political arena. In succeeding to do so,
we will not only gain from an ecologi-
cal perspective, but from a technical
and economic one as well.

Local and Global Benefits

Beneficiaries of reduced phosphorus
loads include our own streams and
lakes, as welf as the Norch Sea and the
Mediterranean. In addition, there are
other good reasons for cutring the use
of phosphorus.” Irs worldwide avail-
abiliry is limited and would be put to
betrer use in maintaining soil fertlicy
in the tropics. This exemplifies once
more that environmental protection
on the local and international scales
does not have to be in conflict. In fact,
local environmental protection always
brings with it benefits on a larger scale
as well, provided that the original
concept dealt with the problem in a
comprehensive way, This means that
problems have to be consistenty
artacked ar the source and in an incer-
disciplinary manner. Strategies must
be based on cost/benefit analyses and
use environmenrally sound rechnolo-
gies. This will also lead to a gradual

reduction in {or possibly rotal elimina-
tion of) the export of environmentaily
damaging emissions (e.g., due to high

- energy ‘consumption).

Despite significant progress, at least
in the case of phosphorus, we are still
a long way away from implementing
concepts that would allow such dra-
matic improvements. Phosphorus is
still being wasted. in the area of
wastewater treatmens, large turnovers
in terms of finances, materials and
energy are needed. Real progress is
dependent on fundamental changes in
both water supply and sewer systems,
in agricultural pracrices and in con-
sumer behavior. Problems around
phosphorus clearly demonstrate the
linkage berween environmental protec-
tion, technology and the development
of society.

{1} Project Group Nitrogen Budger Switzerland
{published by BUWAL/BLW). Seraregy for
the reduction of nitrogen emissions. BUWAL
Series oo the Environment. In Press.

Ten years of artificial lake aeration ~
a review

In February 1982, the arificial
aeration of Lake Baldegg was begun.
Using che specifically designed aeration
device TANYTARSUS, 4.5 tons of
pure oxygen was released daily into
the deepest reaches of the hypolim-
nion, This led to the reoxygenation
of the deep watet/hypolimnion down
to the lake bortom during the course
of the following summer, following
many decades of anoxic condidons.
This aeration procedure had rwo objec-
tives: '
@ Higher phosphorus retention in the
lake sediment resulting from improved
oxygen conditions;
@ Expansion of the habitat for fish and
other organisms dependant on oxygen.
-These same results were anticipated
when similar aeration equipment was
set up in the Cantons of Lucerne (LU)
and Aargau (AG), in Lake Sempach in

1984 and in Lake Hallwil in 1985. All
three aeration devices have been oper-
ating on the same principle since instal-
lation: artficial mixing of the lake
water using bubble plumes in winser
(in order to improve the natural uptake
of oxygen from the atmosphere) and
enrichment of deep water with pure
oxygen in summer.

The reactions of the lakes and
their ecosystems to such measures have
been intensively —monitored by
EAWAG in collaboration with che
Canrtons of AG and LU, and now after
abour ten years, the time has come w
present the most important results of
this unique endeavor. Viable options
should ‘be considered for the furure
opetation of the zeradon installations,
as well as for other necessary restora-
tion measures. The results are summa-
rized below: '

Oxygen

As a consequence of the input of pure
oxygen (summer) and the artificial
mixing (winter}, oxic conditions could
be maintained in the entire waterbody
of the three lakes of the Swiss Plateau
throughout the year.

Plankton

The expansion of the oxygen-conrain-
ing habirat reduces the zooplankron’s
grazing pressure on the algae. Con-
séquently, the same amount of algal
biomass can be mainrained at a lower
nutrient level. The aeration measures
caused only slight changes in the
species cotnposition of the algae and
the zoopiankron.

Benthic organisms

Worms (Ofigochaetes) and insect larvae
(Chironomids) have responded most

strongly to lake aeration. These organ-

isms, comprising the basic nurridon
of many fish, have moved back into
the deep warter zone as a consequence
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of the aerated conditions, remaining
there o date. For this reason 20% more
detritic algal material is being decom-
posed in the sediment since artificial
aeration was initared.

Phosphorus retention in the sediment

The permanent deposition of phos-
phorus in the sediment has not im-
proved significantly as a consequence
of artificial aeration {Fig. 1). Thus,
one of the rwo main objectives of
the aerarion has not been met, Le., to
increase the longterm retention of
phosphorus in the lake sediment and
thereby reduce the phosphorus con-
centration in the lakewarer. Oxygen is
being consumed too rapidly at the sur-
face of the sediment, and thus it cannot
diffuse to sufficient depth into the
sediment. For this reason sedimented
phosphorus remains in an oxygen-free
environment.

Fish
As a consequence of both higher
nutrient content and the stocking of
fish from hatchertes, the casch has
increased compared to the prevailing
near-natural conditions of the last
century. This is pardcularly true for
the whirefish. Artificial aeration has
extended the oxygenated habitar down
into the cool deep water zone. How-
ever, aeration has not improved fishing
yield any further. However, aeration
has nor increased fishing yield any
further. Aeration seems o have no
significant effect on the composition of
the fish populations and their repro-
ductive capacities. The whitefish, for
example, can still survive by che means
of fish stocking only, as their eggs
die off at the surface of the oxygen-
consuming sediment. On' the other
hand, perch, cyprinid fish and pike
are not endangered by high nutrient

. The report “Ten years of artificial lake aera-
tion: results and options” has appeared in
German as Number 9 of the “Schriftenreibe
der FAWAG” in Aungust 1996 (ISBN:
3-906484-14-9). It can be obtained from
Public Relations, FAWAG, 8600 Ditben-

dorf
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concentrations due to their different
reproductive strategies. Artificial aera-
tion also has no influence on the
massive die-offs of whirefish fry in
spring ‘due o oxygen supersaturation

leading to gas bubble syndrome.

In summary, artificial zeration can
be judged as only partly successful:
Expecrations were met with respect to
improved oxygen conditions. The
expected effect on the retention of
phosphorus in the sediment has, how-
ever, not occured.

Future developments

The ultimate goal of lake restoration
measures is the achievement of near-
narural conditions, This corresponds
to a state similar to that of pre-indus-
trial dmes, a state where the typical
local species (algae, macroinverte-
brates, fish, erc.) and biota are able
to reproduce and interact naturally. A
sensible quality standard for peri-
alpine lakes in Swiczerland corresponds
to the nutrient input for average algal
growth (L.e., about 150 g C m? per
year). In such lakes biological diversity
is highest, the whitefish populations
can mainrain chemselves, and there are
no significant problems in utilizing the
lakewater for urban water supply.

Available finances should be utilized
according to priosities in the frame
of a comprehensive water protection
stiategy, taking into account profits
and expenses. As the reduction of the
phosphorus content obviously can
only be achieved through the reduction
of irs input into the lake, the most
urgent measures must be underraken
in the lakes’ drainage areas. Decreasing
the phosphorus in runoff from agri-
cultural fand has the highest priority,
as phosphorus input from domestic
sewage has been drastically reduced
during the past 15 years. The present
high phosphorus removal standards
in sewage treatment plants should be
mainrained.

The ardficial aeraton of lakes can-
not become permanent in the lakes of
the Swiss Plateau. The furure strategy
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a) Temporal course of the average concentrarion
of dissolved phosphorus in Lake Baldegg: P
content has decreated continuously since mid
1970% by a factor of abour 6. In order to reach
the level of the restoration goal, a further reduc-
tion by ar least a factor of 3 is necessary.

&) Temporal course of phosphorus content in
single amnnal layers of a sediment core sample
Sfrom the middle of Lake Baldegs. No smprove-
ment in phosphorus rerention fn the sediment
has been ebserved since arsificial aerasion. The
high concentrations ar the surface of the core
(1992/93) indicate algal material which has
nor yet been decomposed. (DW= dry weight)

of lake restoration — as was also origi-
nally planned — has to lead away from
arrificial aerarion as soon as possible.
In order to meer the restoration objec-

-tives, the input of phosphorus into the

lakes has to be reduced by ar least a
third (Lake Baldegg) to a half (Lakes of
Sempach and Haliwil).

In the meantime, the oxygen content
in lacusuine habitats can be main-
rained by means of artificial aeration.
This is partcularly the case in Lakes
Hallwil and Baldegg, where an imme-
diate. cessation of the oxygen input
would lead to a rapid dying of organ-
isms on the lake bottom.

The inpurt of pure oxygen in summer
in Lake Sempach, however, can be
ceased. Artificial mixing during winter
guarantees a sufficiently thick buffer
zone containing oxygen in the upper
fayers of the hypolimnion.

Alfred Wiiest and Bernbard Webrls, in
collaboration with H. Bithrer, U, Bundi,
H.R Biirgi, R. Géchter, D.M. Imboden,
R Miiller and E Stéssel
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60 Anuiversary Gpen Hose,

Over 3000 visirors of all ages found their way to Diibendorf lase spring for the EAWAG

Open House 1996 at Dubendorf

Last year, EAWAG celebrated its 60% anniversary. In order to
present its accomplishments, EAWAG invited the public to its
Open House on 31 May and 1 June, 1996.

Translating Research into
Hands-On Experiences

It is a considerable challenge to
present the multifaceted relarion-
ship connection berween water
and the environment in an engag-
ing manner. With a lot of talent
and effort, EAWAG personnel ar
all levels demonstrated to an inter-
ested public, how even seemingly
harmless activities at home, ar
work or in recreational areas leave
their traces, dig their holes or build
up their piles. After long detours
and often unexpectedly we are
confronted with water we previ-
ously discarded. Using small tours
which concentrated on  single
themes, the researchers tried to
present the often complex systems
and processes in a way thar the
general public could can under-
stand, involving hands-on experi-
ences and real-time play and ex-
perimentarion wherever possible.
“All of a sudden we saw the
connection  between  seemingly
meaningless knowledge in chem-
istry and biology, which we ‘had

to cram into our heads, and the
practical applications of this
knowledge”, one visitor class com-
mented in a letter after the Open
House.

Four “theme-tours” highlighted
activities at EAWAG: Drinking
water and waste warer, environ-
raental archives, water as a habiar,
and surviving on limited resources.

Open House
1997 at
Kastanienbaum

On June 13 and 14, 1997, the
Research Center for Limnology in
Kastanienbaum {near Lucerne)
held an Open House. Abour 2500
interested persons of all ages
stopped by. Three exhibits revealed
the secrer life of lakes, showed
what a precious resource our
drinking warer is, and show-cased
the inhabitants of screams and
ground watess.

Theresa Biisser

EAWAG

KOL-Workshop
1996

On 13-14 May 1996, the SANW
Commission on Oceanography
and Limnology (KOL) held it
annual meeting ac the EAWAG
Research Center in  Kastanien-
baum/LU. This years topic was:
“Environment and Climare: Inter-
actions berween Continental and
Marine Systems”. Fifty two experts
discussed how marine research can
be linked to continental environ-
ment and climate programs (and
vice versa}, in what ways it can be
made relevant for decision-makers
and the socio-economic impacts of
the work. Keynote speakers intro-
duced individual problem areas
which were later discussed excen-
sively in the plenary sessions:

* Atmospheric Transfer:  Judith
McKenzie, ETH-Ziirich '

* Surface Water Transfer: Wilfried
Hiberli, Universityof Ziirich

* Archives: Svante Bjorck, Univer-
sity of Copenhagen

* Dissemination of Scientific Results
and Society: P. Schilliger, Luc-
erne, R. Volz, BUWAL-Bern.

» Education of Environmenral
Scientists:  Dieter  Imboden,
EAWAG

The meeting was organized joindy

by KOL, EAWAG, the Swiss Geo-

logical Commission and ProClim.

Michael Sturm




EAWAG I@WS 47 £, July 1997

30

PEAK - Continuing Education -
We Cannot Do Without It

The program for the PEAK cours-
es (pracrice-osiented cousses ar
EAWAG) can be accessed on the
EAWAG internet homepage (hrrp:
{lwww.eawag.ch) or ordered as a
brochure from:
EAWAG, Sekretariat PEAK
CH-8600 Diibendorf,
Switzerland
phone: 0041-1-823 53 93
FAX: 0041-1-8235375
e-mail: gruber@eawag.ch
Course topics  include
modeling of natural sys-
tems, sanitation of human
waste and wastewater in
developing countries, char-
acterization of aquatic habi-
tats, regional sustatnability,
in siru messurements in  Prof

streams and lakes, sizing of sec-
ondary sertling basins, elimination
-of dissolved solids in drinking
water and resource management
in construcriemn,

Bernhard Webrli at Information Day 1996,

Swiss Federal Institute for Environmental Science and Technolegy
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Vice-Director
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